Assiut Journal of Agricultural Science, Vol 33, No.1, 2002

THE ENHANCEMENT OF WHEAT PRODUCTIVITY
BY INOCULATION WITH ASSOCIATIVE
DIAZOTROPHS AND FOLIAR APPLICATION OF
METHANOL UNDER DIFFERENT N-FERTILIZER
LEVELS.

*Abo-taleb, HH. ,**Mona, A M. Soleman and ***N M Mahrous

*  Soils, water and Environ. Res, Instit., ARC, Giza, Egypt.
** Botany Dept., National Res. Cen. Cairo , Egypt.
*** Agron. Dept., Fac. Agric., Cairo Univ., Giza, Egypt.

Abstract: Two  field trials were
conducted in clay soil at the
Experimental Farm of Faculty of
Agriculture, Cairo University at Giza
during the two scasons of (98-99 & 99-
2000) to study the effect of inoculation
with associative diazotroph bacteria,
foliar application of methanol and
different levels of N-fertilizer on soil
microflora, growth and yicid of wheat
(Triticum aestivm L) CV. Giza 164.
Composite  inoculum was used
containming mixed culture (1:1:1) from,
Azospiritlum  barsilenes, Azolobacter
chroococcum and Bacillus polymyxa, at
time of planting. Methanol solution
(20% v:v} was sprayed twice, 60 and 80
days after planting. N-fertilizer was
applied at the rates of 0,35 and 70 kg
N fed'. Results obtained of 90 days old
plant indicated that inoculated
treatment recorded higher wvalues of
total counts of bacieria, actinomycetes

and fungi in rhizosphere soil compared
with those freated with folir methanol
or N-fertilized . During the vegetative
growth  period, plant height, dry
biomass and plant N-content of wheat
were  particularly  improved by
inoculation in combination with N-
fertilization at rates of 70 kg and 35 kg
N fed! The increases in plant dry
biomass and N-content due to
inoculation in combination with the two
N-levels amounied to 241% and 283%,
respectively.  Foliar application of

“methanol in combination with the two

N-fertilizer  levels also imposed
significant incr¢ases that ranged from
119 t0148% for biomass and 102 to
203% for plant N-content. At harvest,
inoculation with composite inocuhun
in combination with N-fertilization at
either levels scored the highest values
in all yield parameters tested.

Introduction

Wheat is a very important grain
crop in Egypt and represents a major
source of food. Any effect to increase

wheat vield is of prime concem.
Nitrogen requirement for wheat is
estmated by 220kg Nha' The
efforts to decrease chemical fertilizer
by using biofertilizers might improve



economy and reduce environmental
pollution. The effect of associative
microorganisms in increasing yicld
and N, - fixation has been reported
by many research workers (Bala and
Kundu, 1988; Hegazi, 1988 and
Rashid et al, 1993). The association
between free living nitrogen fixing
bactena ( Azospirillum spp,
Azotobacter  spp. and Bacillus
spp.) and wheat, sorghum and
maize has been demonstrated to
cause significant increases in yield
and  total nitrogen  content.
Inoculation of wheat with nitrogen
fixing bacteria under different
nitrogen fertilizer levels increased
grain  yield and protein content. It
has been reported that the highest
gramn yield and protein m three
wheat cultivars were obtained by
inoculation with Bacillus polymyxa
and 180kgNha' (Omar et al, 1996).
Combined moculation with
Azospirillum  barsilense and
Azotobacter chroococcum and the
application of 140 Kg N ha caused
wheat plants to denive 24% of their
nitrogen requirement  from
atmospheric nitrogen ( Soliman et al,
1995} . Wheat plants can obtain
more than 20-50% of their nitrogen
from Dbiological nitrogen fixation
(Hegazi et al 1998).

It is wel known that the
productivity of C; crops is lower
than that of C, crops. This may be
duec to the wvery high level of
photorespiration, which is a common

physiological  aspect in the C;
plants compared to C; plants (
Cheng and Kung 1994). Many
attempts were carried out to control
photorespiration , such as increasing
CO, concentration in the atmosphere
surrounding the plants as well as
culture of crops . Recently,
Nonomura and Benson (1992a)
reported that a spray treatment of
plant with methanol was more
cffective to mhibit photorespiration
in C; plants when it was applied for
long period of light intensity of
sunlight. From practical point of
view, methanol was used by some
investigators to improve growth and
economic yield of C; crops. (
Cossins, 1964; Allen et al, 199i;
Nonomura and Benson 1992a, b and
1993 Li et al, 1995 and
Manderscheid and Weigel 1995),
They stated that foliar application of
aqueous {10-50%) methanol
mcreased growth , wield and
development of C; plants in and
environments. They recorded growth
improvement estimated by 50% for
tomato and cotton and by 60% for
eggplant, whereas wheat grain and
fruit yield of melon were increased
by 100 and 36% , respectively. The
single application of 25% (v:v) of
methanol increased seed weight, seed
yield plant' and pod number plant
of soybean by 10, 14.6 and 8.2%
respectively as  compared to
untreated ones.

114



The objective of this investigation
was to study the effect of
inoculation with associative
diazotrophs, and foliar application of
methanol under different N-fertilizer
levels on soil microflora and growth
and vield of wheat plants.

Materials and Methods

Two field cxperiments were layed
out at the Experimental Farm of
Faculty of Agriculture, Cairo
University, Giza during the two
seasons of 9%8-99 and 99 - 2000 to
study the enhanccment of wheat
productivity by inoculation with
associative Np-fixing bacteria and
foliar application of methanol under
different N-fertilizer levels. Before
planting soil samples were collected
from the two expenimental sites and
analyscd for some physical and
chemical properties according to
Black et al, 1965 (Table 1).

Super phosphate (15.5% P;0s) and
potassium sulphate (50% K;0) were
added during seed bed preparation at
rates of 200 and 100kg fed.,
respectively. Wheat grains, cultivar
Giza 164, were planted in rows 30
cm in between at seed rate of 60 kg
fed'. Seven treatments were
inctuded as follows: 1) untreated
(control), 2) inoculated +35kgN
fed., 3) inoculated + 70kg N fed.”,
4) uninoculated + 35 kg N fed”,
with foliar application of metharol,,
5) uninoculated + 70 kg N fed.”,
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with foliar application of methanol,
6) uninoculated + 35kg N fed.”,
without  foliar  application of
methanol, and 7) uninoculated + 70
kg N fed.”, without foliar application
of methanol.The plot area was
3x3.5m (17400 fed) and the
experimenal design was randomized
complete block (RCB) with four
replications.

Wheat grains were inoculated
with commercial composite inoculum
containing Azospirillum barsilenes,
Azotobacter  chroococcum  and
Bacillus polymyxa (1:1:1) which was
kindly obtained from the Agriculture
Microbiology Dept., Soil-Water and
Envin. Res, Instit, ARC. The
inoculum was added to the wheat
grains at rate of lg/1Kg grains.
Methanol solution (20% viv) was
applied at the a rate of 250L fed.” at
two times, 80 days after planting and
20 days later. Nitrogen fertilizer, as
ammonium sulphate (20.5 % N), was
applied in two equal doses, 21 and
35 days after planting .

Total  counts
actinomycetes and
estimated three times; before
planting, at 90 days old plants
( growth period) and after harvest in
soil rhizosphere samples according to
Wollum (1982). spike length,
number of grains spike”', grains
weight (g / spike) and weight of 1000
grains (seed index).

of bactena,
fungn  were



Table(1):Soil analysis of samples from the two experimental sites in the two

seasons.
Analysis season.
S1 S2
Mechanical analysis % %
Coarse sand 8.69 8.96
Fine sand 23.48 25.46
Sikt 2987 2799
Clay 37.96 37.59
Texture Clay loam  Clay loam
Chemical analysis
Organic matter % 2.1 2.4
Total nitrogen % 0.12 0.14
Water holding capacity % 3432 56.37
CaCO; % 2.75 2.81
PH 7.8 8.0
Concentration of Anions and Cations
( 1:1 soil suspenson )
Ec. (ds/ m) 3.1 33
megl?!
Bicarbonate (HCO;') 84 8.11
Chloride (CI) 11.71 10.57
Sulphate (S04%") 16.43 18.58
Calcium (Ca™") 9.53 8.61
Magnesium (Mg"") 2.57 2.60
Sodium (Na") 2293 25.71




Also, straw and grain yields (ton
fed')were recorded after harvesting
from the whole plots. Total nitrogen
contents of soil samples, plant
tissues, straw and grains were
estimated by using the semi-
microkjeldahl methods (Black et al,
1965). Statistical analysis were done
according to Snedecor and Cochran
(1967).

Results and Discussion
I: Microbial status:

A large number of different
microorganisms are commonly found
in soil inciuding bacteria,
actinomycetes and fungi. Data m
table (2) show that, irrcspective of
N-fertilizer application, the
inoculation with No-fixing bacteria
or foliar application of methanol
during vegetative period growth (90
days old plant) had stimulated the
total counts of  bactera,
actinomycetes and fungi in wheat
rhizosphere soil. The addition of N-
fertilizer alone led to percentage
increases ranged between 0-25%,
25-60% and 27-33% in numbers of
fungi ,actinomycetes and bacteria,
respectively, compared with their
counts i soil before planting in the
S1 and S2, respectively . Foliar
application of methanol scored
higher percentage increases which
ranged from 25 to 50 %,120 to
129% and 90 to 100% for the three
microbial groups, respectively. The
corresponding  values for the
moculation treatments were 50-75%

, 229-260% and 188-218%. It is
obvious that inoculation with the
associative  diazatrophs imposed
higher stimulation values compared
with those of foliar application of
methanol. At the end of the second
season soil  microflora in
experimental sites  scored higher
counts that increased by about 25,
285 and 36.4% for number of
fungi, actinomycetes and total
bacteria compared with the numbers
recorded before planting. These
higher percentage increases in soil
microflora may be due to the
enhancement  of plant growth and
root cxudates. These data are in
agreement with  those of Pondey et
al, (1998) and Mona et al, (2001),
who reported that inoculation with
diazotrophic  bacteria had an
activation effect on the population of
both bacteria and actinomycetes and
increased its numbers by more than
50% at the end of cxperimental time
as compared with the numbers
recorded before planting.

I1: Plant growth:

Table (3) presents mean plant
height, biomass and plant N-content
after 90 days from sowing. The
results show that the untreated
control recorded the lowest values of
all tested parameters in the two
scasons compared with the treated
ones. In general, all treatments
recorded  significant  increases
ranging from 88% to 28 %



Table (2):Microbial Status of soil and wheat rhizosphere soil in the first (S;)
and second (S;) seasons as affected by moculation, foliar
application of methano! and N- fertilization.

Parameters No. of fungi No, of No. of total
10% CFU* g soil actinomyces bacteria
| 10* CFU*g soil ' | 10° CFU* g soil !

] Time of determination Si S S S S S

1- Before planting 4 4 5 7 g 11

2 - During growth period (90days)**

A- Treated with N- fertilization 4 5 8 9 12 14

B- Treated with foliar application

of rethanol 5 6 11 16 I8 21

C- Treated with composite inoculum 6 7 18 23 2% 33

3- At harvest ** 5 5 6 9 i1 15

* Colony Forming Unit

**+ Average of all the experimental plots.

as comparcd with the untreated
control in the two seasons.

Also, plant dry biomass and plant N-
content showed cven  higher
significant  increases due 1o
inoculaiion with diazotrophs, foliar
application of methanol and N-
fertilization  compared with the
untreated  plants (Table 3).The
precentage increases over the control
due to N-fertilization (35 or 70 kg N
fed ™), foliar application of methanol
orfand inoculation ranged from 39-
241% 1 case of plant dry biomass,
and from 53-283% in plant N-
content in the two seasons. The data
also show that the highest biomass of
12.94 g plant' was recorded for
inoculated treatment that received
70kg N fed' Table ( 3 ). This

treatment also scored the highest
plant N-content; respectively 324.9
and 3677 mg/plant in the two
seasons S1,5S2.The data presented in
Table (3 ) indicate that inoculation or
foliar application of methanol in
combination with different levels of
N-fertilizer  had  significcantly
positive effect on growth of wheat
plants. The improvements in plant
growth and N-content were
particularly pronounced in the
moculated trcatments than with
methanol. These data are in
accordance with those reported by
Zamber, et al (1984); Rashid, et al,
(1998); Hegazi et al (1998) and
Mona et al, (2001) who reported that
inoculation with associative
diazotrophs bacteria led to increases

118




in plant dry matter and plant N-
content .Also, Bemard (1995)
suggested that free living bacteria
may be considered as plant growth-
promoting rhizobacteria (PGPR) and
could benefit plants growth through
different mechanisms of actios,
including: a) the production of
secondary metabolites such as
antibiotics, cyanide and hormone like

sub-stances, b)the¢ production of
siderophores, c¢) antagonism to soil
bomne root pathogens, d)phosphate
solubilization  and  e)dinitrogen
fixation . The mcreases in plant
growth by foliar application of

aqueous methanol was also reported
by Cheng and Kung (1994) and
Kandil and Mahrous, (1996) for Cs
plants in arid environments.

Table(3):Effect of N-fertilizer level, foliar application of methanol and
inoculation with associative diazotrophs on mean plant height,
biomass and plant N-content of wheat plants (90 days old) in the
season 1998/99 (S,) and 1999/2000 (S,).

rameters
Plant height Plant dry biomass Plant N-content
(cm.) (gplant ™) ( mg plant')
Treatments
Mg+ | N-Fer
A S % S % S % S % Sy Yo S %
Kg fed!
- - 87.31 - 99.33 - | 379 - 3.99 - 93.17 - 96.0 -
- 35 950 |88 1140 |15] 526 | 39 | 599 | 50 [ 14270 | 53 |15767 | 64
+ 35 10234 § 17 | 11634 {17 | 661 | 74 | 756 | 8% | 188.171 102 [ 206.57 | 115
- 33 105.70 | 21 1200 [ 211 829 | 119 ] 888 | 123 | 24783 | 166 | 254.57 | 165
- 70 103.67 | 19 [ 11870 [ 20 ] 740 | 95 | 817 | 105[203.07| 118 121510 124
+ 70 108.0 | 24 t 12633 |27 ] 931 | 146 990 | 148 | 270.57 | 190 |291.27 | 203
- 70 1120 | 28 | 121,30 | 22 | 1294 | 241 | 12,92 | 223 | 324.93 | 249 | 367.77 | 283
L.SDJ0.05 7.50 - 12.56 - {244 - 2.76 - 86.60 - 113062 -
* Inoculation

*¥

Foliar application of methanol
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IIT: Yield and yield components:

Data in tabie (4 and 5) indicated
that at harvest stage tn both seasons
(S, and S; ), the untreated control
recorded the lowest values of all
vield parameters and components
tested followed by the treatment that
received 35 KgN fed’ only.The full
dose of N-fertilizer (70 KgN fed)
alone or in combination with
inoculation or foliar application of
methanol caused significant increases
in yield parameters and determined
yield components. Table (5) presents
the calculated percentage increases in
some vield parameters in the two
seasons i.c grain weight (g spike™),
grain index (weight of 1000 grains
g), and grain yield (ton fed'), due
to the different treatments compared
with the untreated control. N-
fertilization alonc at rate of 70 kg N
fed' induced percentage increases
ranged from 26 to 81%, 3 to 4% and
from 39-47, respectively in grain
yield (ton fed'), grain weight and
grain index (g spike®). Further
increases in all dectermined
parameters were recorded by foliar
application of methano] in the N-
fertilized plants, cspecially with the
full dose¢ (70kg N fed'). These data
are 1n agrecement with Nonomura and
Benson (1992a,b) who reported that
foliar  application of aqueous
methanol (10-50%) increased wheat
grain yield by100%. Similarly, Cheng
and Kung (1994), Li etal, (1995),
Kandil and Mahrous, (1996) and

Mona et al, (2001) also, reported
that applied of foliar methanol
increased growth and yield of C;
plants in arid environments.

The inoculation with  the
diazotrophs had a pronounced
mnfluence on plant growth and yield (
Table 4 and 3). Data intable (5)
indicate that the significant incrcases
m all wveld paramcters werc
particularly pronounced in  the
inoculated treatments fertilized with
70 kg N fed’compared with foliar
application of methanol. This
inoculated treatment scored the
following percentage mcreases: 106
to 121%, 4 to 9% and 82 to [55%
respectively in gram weight, grain
index and grain yield compared with
the untrecated control in the two
seasons. These data are in
agreement with Zambre et al, (1984);
Omar et al {1991): Zaki et al (1992),
and Rashid et al, (1998), who
reported that grain yield and yield
component of wheat inoculated with

a mixture of  diazotrophs
microorganisms  were significantly
greater than the uninoculated
treatment. They added that

moculation of field grown wheat
generally  incrcased the total yield
from 10 to 70%.

Table (6) shows the calculated
protem contents In grain and straw
yiclds and precentage increases due
to the different treatments compared
with thc untreated control. The
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highest increases amounted to 167%
in straw protein and 183% in grain
protein. In this respect,Hegazi et al
(1998) reported that wheat plants
can obtain from 20 - 50% of their
nitrogen from inoculation with Ny-
fixing bacteria.

from the abovc
it could be

In conclusion,
mentioned  results,

concluded that moculation of
moderately N-fertilized wheat plants
with associative  diazotrophic
microorganisms or their treatment
with  foliar aqueous methanol
significantly increases grain yield
and total N-yield.

Table (4):Effect of inoculation, foliar application of methanol and N-
fertilization on plant height and some yield components of wheat

plants at harvest
W Plant height Spike length No. of grains
Treatments {cm) (cm) (Spike" }
Inoc.* | ME#** | N-Fer. ‘
Kg fed Sl Sz S] Sz S] 52

- - - 1036 | 1088 11.3 11.8 233 232
- - 35 1112} 1113 12.3 12.4 26.8 294
- + 35 i15.4 | 1139 i2.9 12.9 30.3 32.8
+- - 35 119.7 | 117.3 147 4.4 339 385
- - T0 117.9 | 116.1 13.6 13.4 324 338
- + 70 1208 | 122.5 15.1 153 39.2 42.1
+ - 70 122.4 1 126.7 16.3 24.3 433 449
L.SD. 0.05 8.0 5.5 0.99 1.03 52 540

* Inoculation

** Foliar application of methanol.
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[44]

Table(5) Effect of inoculation, foliar application of methanol and N-fertilization on

yield and some yield components of wheat plants at harvest in the two

seasons (S;) and (S;).
Parameters Grains weight Weight of Straw yield Grain yield
treatments (g spike™) 1000 grains (g) (Ton fed™) (Ton fed)
PN el S % S | % s %] S %S (%] S [%| S | %] s | %
o - - 109 | - | 111 ] - | 428 | - | 430 | - | 177 | - | 196 | - ]| 084 | - | 123 | -
- - 35 126 116 | 124 } 12 [ 436 | 2 | 437 | 2| 207 17| 229 | 17| 120 { 43 | 136 |11
- + 35 137 | 26 | 151 | 36 | 439 | 3 | 442 | 3 | 238 | 34| 264 [35| 137 | 63 | 147 |20
+ - 35 162 | 49 | 183 | 65 | 449 | 5 | 449 | 4 | 281 |58 312 | 59| 1.83 | 118 | L71 |39
Po- - 70 152 1 39 | 163 | 47 | 443 | 4 | 445 | 3 | 243 [ 37| 284 |45 1.52 | 81 | 1.55 | 26
E - + 70 1.97 | 81 1202 82 | 456 | 7| 457 | 6 | 256 | 45| 326 66| 1.92 [ 129 | 2.02 | 64
+ - 70 | 224 [ 106 | 245 | 121 | 465 | 9 | 467 | 9| 294 (66| 381 [94] 2.14 ) 155 | 224 } 82
L.S.D.0.05 023 | - (024} - | 12 |- | 13 | -] o040 ] -{037 |- |018] - [019] -
*  Inoculation
* %

Foliar application of methanol




Table (6):Effect of inoculation, foliar application of methanol and N-
fertilization on protein content in straw and grains of wheat at
harvest in the two seasons (8;) and (S,). '

Parameters
Protein content in straw Protcin content in grains
Kg fed” Kg fed*
treatments
N-Fer
Inoc. § Mg+ S, %is (% |s (% |S |%
Kg fed?
- - - 0.98 | - 1.i6 | - 88 |- 126§ -
- - 35 11315 1.14 -1 147167 | 16833
- + 35 1.46 | 49 1.65 | 42 16.9 | 92 18.3 | 45
+ - 35 1.87 | 91 195 (68 {210 139|227 |80
- - 70 169 | 72 1.81 |56 | 188 114 | 18.9 | 50
- + 70 2111 115 1220 (90 | 22215223587
+ - 70 262 (167 (277 [ 139 (249 183 | 270 ;114
L.8.D.0.05 0.17 | - 029 |- 2.50 4 - 3.50 | -

*  Inoculation
**  Foliar application of methanol
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