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ABSTRACT

This study aims to minimize the possible adverse fears of human heaith and
environmental risks resulted from the used mineral fectilizers, paricularly the new
varieties of maize plants that are classified as sxcessive nitrogencus use. To achieve
this target a field experiment was conducted on a clayey soif cultivated with maize
(Zea mays L.} at E} Wanysa village, ltsa district, E} Fayoum Governorate, during the
summer season of 2004. Partial replacement of 75, 50 and 25 % of the recommended
N-mineral dose for maize was carried out using seed incculated with Notroben
{Azospirillum brasitense) as biological nitrogen fixation bacteria under the different
available soil moisture depletions of 30, 50 and 70 %. Vegetative growth parameters
{plant height, gar length and diameter), crop yield {grain and straw), grain quality {100
kernel weight and protein percent) and some nutrients uptake (N, P and K) by plant
were taken as criteria for evaluating the applied treatments.

The obtained data showed that the applied partial reptacement of 25 % N-
mineral dose by N-bio fixation under 50 % available soil moisture depletion exerted a
positively significant effect on the studied plant criteria, i.e., increasing the vegetafive
growth parameters of plant height, ear length and diameter by 3.23, 1.78 and 2.29 %,
respectively as compared to the full N-mineral dose. The corresponding relative
increases were 10.51, 4.48, 2.65 and 11.32 for straw yield, grain yield, 100 kemel
weight and grain protein content %, respectively. Also, it exhibited relatively high N, P
and K contents reached 18.67, 11.36 and 6.78 % for maize straw vs 11.34, 20.00 and
16.12 for maize grain, respectively. While, relatively low values were rgcorded in the
treatment of maize seeds inoculated with N-fixation bacteria alene. it is worthy to
mention that the other combinations of 25 and 50 % N-mineral with inoculated maize
seeds exhibited relatively low values than that obtained at the full N-mineral dose.

As for the available soil moisture depletion status (ASMD]), data revealed that
the integrated use of 50 % SMD had a greater beneficial effect as compared to both of
30 and 70 % ASMD. The negative effect was more noticeable in soil plots received 70
% ASMD, this may be due tfo the unbalanced sail water-air relations that lead to
reducing the photosynthesis aclivity as well as the adverse relations between
hormones and biological processes in the whole plant organs. Moreover, irrigating
maize plants al 50 % SMD was achieved a significantly increase for the waler use
efficiency, where it tended fo reduce at 30 and 70 % ASMD by 36.06 and 13.85 %,
respectively. This may be due to the plant roots can be extract more soil water from a
greater depth under moderate stress as compared to those irrigated at a relatively wet
or drought levels.

From the abovementioned results, it is evidence that maize plants able lo
overcome a pronounced amount of the N-requirements (about 25 %) from the
biological nitrogen fixation (via seeds inoculation with Azospirifum brasiliense) under
50 % of the available moisture Jepletion. This is undoubtedly of great importance due
ta the superiority was not only taken as a criterion for increasing the outputs of
vegetative growth and crop yield for maize plants or rationalize of costly N-mineral
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fertiizers, but also for minimizing the possible adverse fears of both human health and
environmental risks resulted from the used N-mineral ferilizers. Moreover, the
beneficial effect of the biological nitrogen fixation may be enhanced the biclogical
activity in the decompaosition of organic substances which have ability to improve soil
moisture regime, and in tum encouraging the released nutrients particularly the
micronutrients as well as the fixed nitrogen is considered as a storehouse in more
mobile or available forms to uptake by plant roots.

Keywords: Maize, N-mineral fertilizers, biologicat nitrogen and soil moisture stress.

INTRODUCTION

Maize is one of the major field crops either in Egypt or the World,
where it ranks the third one after wheat and rice. it is used primarily as feed
crop and industrial purposes for oil and starch extraction. The management
practices concerned with soil moisture content (i.e., using different irrigation
intervals) as well as nitrogenous fertilizer resources (mineral, arganic and bio-
fertilizers) play vital and important role for maize vegetative growth and yield.
Concerning the importance of soil moisture stress, data obtained from a field
experiment by El Ganayni et al (2000) showed that shortening irrigation
intervais delayed flowering, decreased number of leaves/plant and 100 kernel
weight of maize. On the other hand, increasing the available soil moisture
depletion to 20 % gave the highest grain yield, followed by 35 and 50 %
(Taha, 2001). The previous results explained the importance of the seasonal
soit moisture depletion for maize, which their average values were 513, 489
and 415 mm under irrigation intervals of 12, 18 and 24 days, respectively
(Saied, 2002). Moreover, the impact of both soil moisture depletions and
nutrient resources on elemental composition of plant organs and their yields
are also of importance for the growing craps. The same author {1997) found
that nitrogen concentration in maize influenced significantly by the water
regime, while phosphorus and potassium concentrations were not affected.
Also, Lagrono and Lothrop (2003) reported that yield losses reached 10-75 %
and 10-50 due to drought and low nitrogen fertilization, respectivaly.

Recently, World face a great problem either in the iuman health or in
the environmental pollution. This problem is more related to the excessive
use mineral or chemical fertilizers, especially those of nitrogenous ones. in
addition, the use of intensive and non-rational rates of N-mineral fertilizers
increased the costs of agricultural productions. A pronounced amount of N-
mineral is leached with the drainage water and leads to pollute the biological
media of natural water resources, causing the possible adverse fears of
human and animal health in addition to environmental risks. Interest in the
N-excessive use, it could be partially attributed to the advent of high yielding
crop cultivars under assured perennial irrigation. Teday, there is a renewed
interest in biological nitrogen fixation or N-recycling occurred by seed
inoc - ztion with nan-symbiotic N-fixers. This target plays an important role for
improving soil fertility and its productivity as well as increasing crop yields and
decrezsing N-mineral requirements (Kennedy and Tchan, 1892). Moreover,
the oeriodical application of this natural source fo socils has gained
mor2ntum in the recent past and called “bio-fertilization, clean agriculture
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and bio-agriculture”. The integrated use of the N-natural sources and mineral

-fertilizers is considered the best option not only for reducing the previous
enormous consumption of chemical fertilizers, but also maintain soil fertility
status and help to sustain crop productivity, as well as, to increase fertilizer
use efficiency in soil (Singh et al., 1999, Bhatia et al., 2001 and Palm et al,
2001).

Omer et al. (1991) reported that seed inoculation with some bacteria
species of biological nitrogen fixation could save up ta half of field rate of N-
mineral fertilizer, and at the same time increased yields of grain and straw of
cereal crops. Mishra et al. (1995) and Salem (2000) showed that the highest
grain yield of maize has been oblained under sub optimal N-bio-mineral
fertilizer (partial substitution N-mineral by seed inoculation with Azotobacter
bacteria) and water condition. The exudates of bacterial strains act as plant
growth promoters and apparently stimulate growth mainly throughout
modifying root development, which improve macronutrients, micronutrients
and water uptake, particularly in the early stages of plant development (El
Komy ef af., 1998).

The current work aimed at evaluating the partial N-mineral
substitution by an alternative N-source supplied from N-bio fixation
throughout the inoculation of maize seeds by Notroben (Azospiriflum
brasilense) under different available soil moisture depletion to produce un-
chemical polluted grains by using a clean or bio-agriculture.

MATERIALS AND METHODS

The objective of the current study aims to evaluate the role of 25, 50
and 75 N-mineral substitution by N-source supplied from N-bio fixation under
different available soil moisture depletions, i.e., 30 (11}, 50 (12) and 70 (13} of
available soil moisture, applied to a clayey soil cultivated with maize (Zea
mays L.} plants at E! Wanysa village, lisa district, El Fayoum Governorate.

Field experiment:

A field experiment was carried out during the summer season of
2004. The identified combinations befween the N-mineral and the N-bio
fixation were conducted on the basis of 25, 50 and 75 % substitution of the
recommended dose of nitrogen according to the Egyptian Ministry of
Agricuiture (120 kg Nffed). N-mineral fertilizer was applied as ammonium
nitrate (33.5 % N) and added at two equal doses before the first and second
irrigations. Maize seeds (Giza 310) was inoculaled with Notraoben
{Azospirillum brasilense) supplied from Agriculture Research Center, Giza,
Egypt) at the rate of 1 kg/fed before sowing (10" of June, 2004). The
recommended doses of P and K as superphosphate ferilizer (15.5 % P,0;)
and potassium sulphate (48 % K,;0) alone and the conirol treatment (no
treated soil) were also inciuded either duning soil preparation for cultivating for
P or after 15 and 40 days from planting for K. The treated soil piots were
subjected to applied different irrigation intervals after the first imrigation for
achieving the different available soil moisture depletion under consideration.
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The agricultural practices of maize were carried out as usual from sowing to
harvesting. Data in Table 1 represent some physical, chemical and fertility
characteristics of the experimental soil throughout the root zone (0-60 cm),
according to the standard methods outlined by Kiute (1886) and Page ot al.

(1982).

in a split-plot design with 3 replicates, the subplots were devated to
identify the effective role of N-bio fixation. The following treatments were
applied in the experimental plots that have an area of 3.0 x 3.5 m® for each

one and including 5 ridges with 3 m long and 70 cm apart.

Table 1: Some soil physical, chemical and fertility characteristics of the

experimental field,

; L e Soil depth {cm}
Soil characteristics 030 | 2040 | 4060

1. Soif physical properties:

Particle size distribution %

Sand 23.91 22.28 19.34

Sitt 33.86 3415 34.67

Clay 42.23 43.57 45499

Textural class Clayey Clayey Clayey

Butk density (gem™) 1.22 1.28 1.39

Particle density (gem™} 2.63 2.67 2.68

Total porosity % 53.61 52.06 4813

Hydrautic conductivity {cm/hr) 0.97 0.81 0.53

Field capacity % 44 42 41.18 38.96

Wilting point % 18.38 20.95 21.74

Available water %o 26.04 20.33 17.22
2. Soil chemical properties:

- pH (1:2.5 soil water suspension) 7.68 7.85 7.83
EC (dSm™, soil paste extract) 2.13 265 3.04
Soluble ions (megit):

Ca™” 4.83 8.46 9.58
Mg™* 3.17 497 6.33
Na' 12.96 13.29 14.86
K* 0.43 0.38 0.23
COy” 0.00 0.00 0.00
HCOy 227 2.65 2.76
cr 12.25 14.92 17.54
SQ,~ 6.87 9.53 10.70
CaCOs content % 6.69 15.18 4.53
Organic matter content % 2.05 | 1.56 | 1.12

{ 3. Some macronutrients status:

| Total nitrogen % | 0.096 0.078 0.072
Available P (mg/kg soil} 11.20 9.48 8.75
Avaiiable K (mg/kg soil) | 643.29 587.51 570.02
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T1. Recommended N-mineral fertilizer dose.
"T2. 25% of the recommended N-mineral fertilizer dose in combination with
inoculated maize seeds.
T3. 50% of the recommended N-mineral fertilizer dose in combination with
inoculated maize seads.
T4. 75% of the recommended N-minerai fertilizer dose in combination with
inoculated maize seeds.
TS, Incculated maize seeds.
Maize plants were collected from each plot at vegetative growth to
determine plant height, ear length and diameter.
Plant samples were separated at the harvest into grains and straw, then
determining their yields, their contents of NPK {Page et al., 1882) or protein
(multiplying N % x 6.25) and 100 kernel weight. in addition, crop water
relations were determined as follows:
a. Seasonal water consumptive use {ETc), which calculated as a water depth
in cm using the following equation (Israelsen and Hansen, 1962):
Cu = (Q2-Q1) bd . D100 where
Cu= Consumptive use (cm).
Q2= Soil moisture % 48 hours after imigation.
Q1= Soil moisture % before irrigation.
bd= soil bulk density {gem™).
D= Soit depth (cm).
b. Water use efficiency (WUE), which calculated using the equation of Vites
(1965 for grain yield, as follows:
WUE = Grain yield in kg/fedfactual consumptive use in m*/fed
The obtained data of plant parameters were statistically analyzed
according to the methods suggested by Gomez and Gomez (1884) using the
L.5.D. values at 0.05 level of significance.

RESULTS AND DISCUSSION

1. Maize growth as affected by the applied treatments:

The growth parameters {i.e., plant height, ear length and diameter) of
the representative maize plants lead to a good knowledge about the effects of
soll moisture stress as well as nitrogen fertilization using either N-mineral
fertilizer or N-bio fixation, as shown in Table 2. The results obtained showed
that executing the inoculation of maize seeds with Azospirillum brasilense in
conjunction with % of the recommended N-mineral dose (T4) at soit moisture
depletion 50 % registered a positive response for all the studied growth
parameters. This beneficial effect could be indicated by the significant
increases for the studied growth parameters, where the relative increments
percent in the values of plant height, ear length and diameter reached 3.23,
1.78 and 2.2% %, respectively as compared to the full dose of N-mineral
treatments. While, the relatively lower values recorded in the treatment of
maize piants inoculated with N-fixation bacteria (T5). It is worthy to mention
that the other combinations of 25 and 50 % N-mineral with inoculated maize
seeds (T2 and T3) exhibited relatively lower values than that obtained at the
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full N-mineral dose. These findings are in harmony with those obtained by
Mishra et a/. (1995).

In here, the importance of the superiority for the appfied N-bio fixation
was niot only taken as a criterion for increasing the outputs for maize crop or
rationalize of costly N-mineral fertilizers, but also for minimizing the possible
adverse fears of both human health and environmental risks resulted from N-
mineral fertilizers (Palm et a./, 2001). Thus, supplying N-bia fixation for plant
varieties need an excessive use mineral or chemical fertilizers, especially
those of nitragenous ones, is undoubtedly of great importance. In general, the
superiority of applied N-bic fixation bacteria is more aftributed to their
biological activity in the decomposition of organic substances, which have
ability to improve soil-moisture regime, enhancing the released nutrients and
fixed nitrogen as a storehouse in more mobile or available forms to uptake by
plant roots {Salib, 2002).

Table 2: Maize plant parameters at vegetative growth as affected by the

applied treatments.
N- Soil moisture depletion % Statistical data of
treatments Mean L.5.D.

! 1 1 12 ] 13 Treat. | 0.05 | 0.01

! Plant height {cm)

[ T1 218,20 { 22067 | 19297 | 21061 | T 3.07 | 5.00
T2 209.80 | 21333 | 184.23 | 20249 || 543 [12.85
T3 213.83 | 219.53 | 19240 | 20859 | Tl 155 |2.35
T4 221.90 | 227.80 | 201.83 | 217.18
T5 202.10 | 21217 | 8117 | 198.48
Mean 21319 | 218.70 | 190.52 | 207.47 |
Ear length {cm}

T1 2220 | 2417 {2017 12218 T 029 lo047
T2 20.23 {21.30 | 1847 | 20.00 { | 0.51 1.21
T3 2157 {2363 [1987 12169 | Ti 1015 [0.22
T4 22.67 24.60 20.87 2271 |

T5 18.50 | 20.67 15.96 18.51

Mean 2111 22.87 | 19.07 | 21.02

Ear diameter {cm)

T1 4.91 524 459 4.91 T 027 [045
T2 4.69 4.79 4.36 4.61 | 0.48 1.15
T3 4.88 5.01 4.39 4.76 T 1 NS, N.S.
T4 5.01 5.36 4.67 5.01

TS 4.51 4.59 4.31 4.47 |

Mean 4.80 5.00 4.47 475 |

T1=100 N-mineral; T2, T3, T4 =75, 50, 25% N-mineral + N-bio; and T5= N-blo
11, i2 and 13=Soil moisture depletion at 30, 50 and 70 % of available water content

As for the available soil moisture depletion status (ASMD), data in
Table 2 reveal that the integrated use of 75 % dose N-mineral combined with
N supplied from bio-fixation at 50 % ASMD had a great beneficial effect,
which caused significant increases in the values of the studied maize growth
parameters as compared to both of 30 and 70 % ASMD. The adverse effects
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were more noticeable in soil plots received 70 % soil moisture depletion as
“compared to those of 30 %, where the relative reduces % in T4 reached
12.87 and 2.66 for plant height, 17.87 and 8.51 for ear length and 14.78 and
6.99 % for ear diameter, respectively.

In general, the aforementioned results of soil moisture stress,
increasing (30 % ASMD) or decreasing {70 % ASMD) soil moisture stress,
may be aftributed to the unbalanced soil water-air relations that lead to
reducing the photosynthesis activity and unbalanced relations between plant
hormones and biological processes in the whole plant argans. These adverse
conditions in the freated soils are undoubtediy of great importance throughout
the vegetative growth and dry matter accumulation in the maize plants, and
may cause flower defoliation (Kerlous-Amany, 1987). On the other hand, the
beneficial effect of 50 % available soil moisture depletion could be explained
by enhancing plant growth and protecting soil fertitity in the long run, that can
be achieved through maintaining a good soil water-air relation for mechanism
of nutrients uptake by plant roots. Thus, these favourabie soil conditions are
more related to 3 suitable medium in which seeds can germinate, roots can
grow and more necessary nutrients can be available (Davies et af., 1982).

2. Maize yield, grain quality and elemental composition:
a. Grain, straw yields and grain quality:

With respect ta the beneficial effect of the applied N-bio fixation to the
experimental soil on the maize yield (straw and grain yields) and grain quality
(100 kernel weight and protein content in grain), results illustrated in Table 3
show a positively and significant increase in each of the aforementioned plant
parameters in T4 (75 % N-mineral in combination with N-bio fixation at 50 %
available soil moisture depletion) as compared to the other studied
treatments. As mentioned before, such beneficial effect being dependent on
the nature of concerned biclogical aclivity at a favourable soil condition of
water-air relations. The latter's enhancing the organo-metalic forms as a
storehouse and increasing nutrients availability or mobility in  soil,
consequently encouragement the mechanism of water and nutrients uptake
by plant roots.

Generally, it could be concluded that the increases in the studied maize
parameters at harvest were extending ciosely parallel to the corresponding
vegetative growth values, as shown in Tables 2 and 3. That means the
magnitude response could be depend on the nature of fertilizer used ang the
concernad attributable soil moisture stress, where the check soil plots with N-
mineral combined with N-bio fixation at 50 % available soil moisture depletion
exhibited relatively high values for maize parameters as compared to that
received N-mnineral alone. The corresponding relative increases reached
10.51, 4.48, 2.65 and 11.32 for the values of straw vield, grain yield, 100
kernel weight and grain protein content %, respectively, (Tabie 3).
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Table 3: Maize plant parameters at harvest as affected by the applied

treatments.
N- Soil moisture depletion % M Statistical data of
treatments ean L.S.D.
1 2 T 13 Jreat. | 0.05 | 0.01
Straw yield {ton/fed)
T1 2.85 3.52 2.69 3.02 T 0.27 0.44
T2 2.39 2.80 2.05 241 i 0.45 1.14
T3 2.73 2.98 2,22 2.64 T! N.S. N.S.
T4 3.02 3.89 2.84 3.25
15 2.30 2.86 2.08 2.41
Mean 2.68 N 2.38 2.75
Grain yield {Ardabffed)*
T1 17.64 20.69 17.22 18.52 T 0.58 0.95
T2 18.35 18.27 15.50 16.71 | 1.03 2.45
T3 1 16.60 20.74 18.35 17.80 Ti 0.29 0.44
T4 18.47 22.03 17.52 19.34
T5 15.08 17.85 14.63 15.86
Mean 16.83 19.91 16.24 17.66
100 kernel weigh (g)
T 32.83 34.75 25.35 30.98 T .49 0.81
T2 30.685 33.08 23.88 29.20 ! 0.83 1.98
T3 31.74 33.99 24.85 30.18 Ti Q.25 .38
T4 33.39 35.67 27.91 32.29
TS 20.35 33.02 20.65 28.01
Mean 31.7% 34.08 24.53 30.13 J
Grain protein content % |
Tt 16.75 18.18 14.13 16.38 T 0.66 1.15 |
T2 16.00 | 1638 | 1263 | 15.00 ] 116 | 2.77 |
T3 18.50 16.81 13.00 15.44 Ti 0.33 0.52
T4 17.63 2025 16.13 18.00
T5 14.88 15.25 11.00 13.69
Mean 16.31 17.38 13.38 15.69

T1=100 N-mineral; T2, T3, T4 =75, 50, 25% N-mineral + N-bio; and T5= N-bio
11, 12 and 13=30il moisture depletion at 30, 50 and 70 % of available water content
*Ardab=140 kg

As for the available soil moisture depletion (ASMD), data in Table 3
reveal that the integrated use of 75 % dose N-mineral combined with N
supplied from bio-fixation at 50 % soil moisture depletion had a great
favourable effect, which caused significant increases in the values of the
studied maize parameters at harvest as compared to both of 30 and 70 %
ASMD. The adverse effects were more noticeable in seil piots received 70 %
ASMD as compared to those of 30 %, where the relative reduces % in T4
reached 36.97 and 28.81 for straw, 25.74 and 19.27 for grains, 27.80 and
6.0 for 100 kernel weight and 25.54 and 14.86 % for grain protein content
%, respectively. These findings are in agreement with those reported by
Saied (1997) who concluded that the decrease in maize grain yield was more
refaied to the decrease of soil available maisture in the root zone, which
reduced water and nutrients uptake.
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b. Nutrient contents of maize straw and grain:

Studying the effect of applied treatments for either N-fertilization or
available sail moisture depletion (ASMD) in the studied soil plots, (Table 4), it
could be noticed that a parallel trend for the previous results was achieved for
the macronutrient contents of N, P and K in both maize straw and grain
yields, since the integrated use of 75 % dose N-mineral combined with N
supplied from bio-fixation at 50 % ASMD gave the highest vaiues.

Table 4: Nutrient contents % in maize straw and grain as affected by the

applied treatments.
N- Soil moisture [ Soll molsture
depletion % Mean depletion % Mean
treatments r——7"05 1 1 Tl iz | B
Nitrogen content %
Straw Grain
Ti 2.36 2.58 2.03 2,32 2.68 2.91 2.26 2.82
T2 1.93 202 1.48 1.81 2.56 262 2.02 2.40
T3 2.29 2.31 1.88 2.16 2.64 2.68 2.08 2.42
T4 2.45 3.01 2.20 2.57 2.82 124 2.58 2.88
T5 1.97 2.05 1.75 1.92 2.38 2.44 1.78 2.19
Mean 2.20 239 1.87 2.15 2.61 2.78 2.14 2.51
LSO L.S.0.
- Treat. 0.05 0.01 Treat, 0.05 0.01
Staistical 17 022 [ 038 T 0.24 | 041
| 0.39 0.94 1 0.42 1.00
Tl 011 | 017 Ti NS T NS.
Phosphorus content %
Straw Grain
T9 0.36 044 1O 037 032 040 (025 0.32
T2 0.32 0.39 0.25 032 (.29 0.34 0.21 0.28
T3 0.34 041 [0.28 034 | 031 037 1023 0.30
T4 0.38 0.48 0.33 0.40 0.34 0.48 0.31 0.38
T5 0.22 0.27 0.18 0.22 0.19 0.21 0.15 0.18
Mean 0.32 0.40 0.27 0.33 (.28 0.26 0.23 0.29
L.S.0. L.S.D.
" Treat, 0.05 0.01 Treat. 0.05 0.0
Satistieal 1y 6031005 T 0.02 1 0.04
! 0.05 013 ] 004 | 0.00
T 002 | NS. n 0.0 | 002
Potassium content %
Straw | Grain
Ti 346 285 [229 256 | 273 335 j242 283
T2 2.39 251 1220 1237 1232 277 218 242
T3 2.43 2.72 2.26 2.47 2.55 2.83 . 239 2.59
T4 274 3.15 | 2.53 2.81 2.80 3.89 2.57 31.08
75 215 | 238 1209 |222 | 238 266 [ 215 | 2.36
Mean 2.44 1274 227 2.49 2.56 3.12 2.34 265
LSD. - | LSD.
. Treat. | 005 | 0.01 Treat | 005 | 0.01
Sﬁ;‘s“"a' T 032 056 [T 639 1 0.68 |
i 0.56 ] 1.33 i 069 | 185 | J
Ti NS, [NS | | Ti 020 | NS. |

T1=100 N-mineral; T2, 73, T4 =75, §0, 25% N-mineraj + N-bio; and 15= N-bio
11, 12 and 13=Soil moisture depietion at 30, S0 and 70 % of available water content
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White, the other combinations together the N-bio fixation alone exhibit an
opposite trend for the studied macronutrient contents among the different sail
moisture depietions for straw and grain yields of maize crop. The superiority
for the applied treatment N-mineral combined with N-bio fixation at 50 %
ASMD was achieved, since it exhibited relatively high values for N, P and K
reached 16.67, 11.36 and 6.78 % for maize straw as compared to that
received N-mineral alone, respectively. The corresponding relative increases
reached 11.34, 20.00 and 16.12 for their values in grain yield, respectively
{Table 4). .

As mentioned before, such effect being dependent on the moisture
content of concemed avaitable soil moisture depletion along with its applied
rate or the initial state in soil, especially its minimum and maximum ratio. It
may be attributed to the poor sail aeration, at the excess maisture content {1,
30 % ASMD), as well as the drought regimes (I3, 70 % ASMD) are caused
more immobile form for a nutrient is the more its uptake, which depends on
proximity of the activity of absorption mechanism by roots {(Miller et al., 1987).
Generally it could be concluded that the N, P and K contents in straw and
grain were extending paralle] close to the corresponding available moisture
depietions in soil plots (Table 4). The adverse effects that were noliceable in
soil plots received 30 % and 70 % available soil moisture depietion as
compared to those of 50 % of the T4 treatment reached 22.36 and 36.82 for
N, 28.85 and 48.48 for P and 14.96 and 24.51 %, respectively for K in maize
straw. The corresponding relative decreases reached 14.89 and 25.58, 41.18
and 54.83 and 38.93 and 51.36 for their values in grain yield, respectively.

3. Crop water reiations:
a. Seasonal water consumptive use {(ETc):

Data in Table § show that imrigating maize plants whenever 30 %
available soil moisture depletion gave the highest value of seasonal water
consumptive use (61.33 cm as an average for T4).

The reverse was true when irngating maize plants at 70 % available
soil moisture depletion, since it was recorded the lowest value (52.53 cm as
an average for T4}, it is worthy to mention that the highest value of seasonal
water consumptive use was associated with the best treatment of integrated
use of 75 % dose N-mineral combined with N supplied from bio-fixation at 50
% soil moisture depletion.

Therefore, it is concluded that increasing soil moisture stress fed to a
significantly decrease in daily ETc rate during the growing season months.
Such findings are in harmony fo those reported by Osman and Khalifa (2001)
and Saied (2002) who found that the average values of water consumptive
use for maize were 491 and 362 mm for 14 and 28 days irrigation intervals,
respectively. The same authors added also that the values of water
consumptive use increased with increasing the rate if nitrogen fertilization.
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Table 5: Consumptive use {cm} of maize crop as affected by the
) different treatments.

1 9
N-treatments |Soil depth {cm) Sl?“ moistur'ezdgpletion':;% Mean
0-20 30.01 26.10 28.56 27.56
T 2040 22.38 16.52 13.19 17.36
4080 6.37 8.76 11.63 9.25
0-80 58.768 52.38 51.38 54.17
0-20 28.91 23.13 22.30 24.78
T2 2040 19.07 14.54 12.52 15.37
4060 6.71 9.49 11.61 9,27
0-60 54.69 47.16 46.43 49.42
0-20 31.00 24.92 25.47 27.13
T3 20-40 20.31 15.98 13.15 16.48
4060 7147 10.62 11.81 887
0-60 58.48 51.52 50.43 53.48
0-20 33.10 26.45 26.41 28.65
T4 20-40 20.72 16.53 13.56 16.94
4060 7.51 10.78 12.56 10.28
0-60 6133 53.76 52.53 55.87
I 0-20 28.42 22.80 22.61 2481
T5 % 20-40 17.88 14.15 12.12 14.72
4060 4.41 9.51 10.91 9.27
0-60 §3.72 46.46 45.64 48.80
[ L.S.D

Treat. 0.05 0.01

Statistical data T 1.54 287

I 2.90 6.91

T 083 | NS |

T1=100 N-mineral; T2, T3, T4 =75, 50, 25% N-mineral + N-bia; and T5= N-blo
11, 12 and 13=8coli moisture depletlon at 30, 50 and 70 % of avallable water content

b. Water use efficiency:

The water use efficiency, (Table 6}, is expressed as kg grainfm3
water consumed by the maize plants. This criterion has been used to
evaluate the crop production under different applied treatments per unit of
consumed water by the crop plants.

Data illustrated in Table 6 show that irrigating maize plants at 50 %
available soil moisture depletion (12} achieved a significantly increase for the
water use efficiency value, and it tended to reduce when increasing or
decreasing available soil moisture depletion to 30 % and 70 % by 36.06 and
13.85 %, respeclively. These findings are in harmony with the scientific
approaches that supposed the plant rools could be extract more soil water
from a greater depth under moderate stress as compared to those irrigated at
a relatively wet level. That means the stored water in soil at a moderate
irrigation can be mare available for roots as well as can be used with more
efficiency. These results are in agree with those reported by Tisdale et af.
{2001} and Taha (2001) who found that water use efficiency decreased with
increasing soif moisture depletior, and stated tat the highest value was
obtained under the irrigation regime of 20 % available soil moisture depletion.
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Table 6: Water use efficiency (kg/m®) of maize crop as affected by the

different treatments.
. Soil moisture depletion %
N-treatments i g 2 7 73 Mean
Grain yield {kgifed)
T1 2459.6 2896.6 2410.8 2592.8
T2 2289.0 25578 2170.0 2339.4
T3 2324.0 2903.6 2288.0 2506.0
T4 2585.8 3084.2 2452.8 2707.86
5 2111.2 2498.0 2048.2 2220.4
Mean 2356.2 2787.4 22736 2472.4
o Consumptive use {m’/fed)
T 2467.92 2199.96 2157.98 2275.14
T2 2296.98 19.80.72 18.50.06 2075.64
T3 2456.16 2163.84 2118.06 2246.16
T4 2575.86 2257.92 2206.26 2346.54
T5 2256.24 19.51.32 1916.88 2041.20
Mean 2413.74 211092 | 20689.76 2197.86
Water use efficiency (ka/m’)
T1 1.001 1317 | 1117 [ 1145
T2 0.997 1291 |  1.113 1.134
T3 0.945 1,342 | 1.081 1.123
T4 1.004 1.368 1.112 1.161
T5 0.936 1.281 1.069 1.098
Mean 0.977 1.319 1.098 1.131
LSD.
B Treat. 0.05 0.01
Statistical data T 0.050 0.089
! 0.055 0.230 |
i T 0.096 NS

T1=100 N-rnineral; T2, T3, T4 =75, 50, 25% N-mineral + N-bio; and T5= N-bio
11, 12 and 13=S0ll moisture dapletion at 30, 50 and 70 % of available water content

From the abovementioned results, it is evidence that maize plants
able to overcome a pronounced amount of the N-requirements (about 25 %)
from the biological nitrogen fixation (via seeds incculation with Azospinfium
brasiliense) under available moisture depletion of 50 %. This is undoubtedly
of great importance due to the superiority was not only taken as a criterion for
increasing the outputs of vegetative growth and crop yield for maize plants or
rationalize of costly N-mineral fertilizers, but also for minimizing the possibie
adverse fears of both human health and environmental risks resulted from the
used N-mineral fertilizers. Moreover, the beneficial effect of the biological
nitrogen fixation may be enhanced the biological activity in the decomposition
of organic substances which have ability to improve soil maisture regime, and
in turn encouraging the released nutrients particufarly the micronutrients as
well as the fixed nitrogen is considered as a storehouse in more mobile or
available forms to uptake by plant roots (Salib, 2002).
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