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Abstract:

Two field experiments were
carried out in the Desert Re-
search Center (D.R.C.), Agricul-
tural Experiment Station at EL-
Kharga Oasis, New Valley Gov-
ernorate, Egypt, during the two
summer growing seasons of 2010
and 2011. This study aimed to
investigate the effect of potassi-
um fertilizer rates (0, 36 and 72
kg K,O per fad.) and boron foliar
levels (0, 226, 452, and 678 ppm)
on vyield and its components of
three maize cultivars i.e. Giza-10,
Giza-321 and Giza-324. Results
indicated that Giza-321 cultivar
significantly surpassed Giza 10
and Giza-324 in all studied yield
parameters. The use of boron
fertilizer at the level of 452 ppm
showed significant superiority for
all studied vyield components
compared with the control (with-
out boron foliar). Moreover, the-
se parameters were significantly
higher under using high level of
potassium fertilizer (72 kg K,O
per fad.) compared with control
treatment  (without potassium
fertilizer).

Maximum values of vyield
and its components were ob-
tained by cultivating Giza-321

cultivar with spraying boron at
the level of 452 ppm and ferti-
lized with 72 kg K,O per fad. in
both seasons.
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Introduction:

There are promising newly
reclaimed lands in Egypt. One of
the most suitable locations is the
New Valley region with its Oa-
sis, which represents large land
resources and a good hope for
agriculture expansion, since it
represents 38 % (376000.51 km?)
of the total area of Egypt and has
about 3.5 million faddan availa-
ble to cultivation. In this region,
weather is hot and dry, and is
recognized as drought regions.
Therefore, some of plant species
i.e., maize can not give grain
yield under this conditions due to
high temperature, whereas, Maria
Pilar and Johnson (1980) found
that temperatures above 35° C
can reduce pollen germination of
many maize cultivars to levels
near zero and to result in poor
kernel set, following decreasing
yield. In addition, Muchow
(1990) detected increment in
temperature from 27° C to 33° C
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or to 38° C during pollen pe-
riod results in a yield loss of
around 10% and 42% for maize
crop, respectively.

In Egypt, the total cropped
area occupied by maize during
season 2011 was 1.758 million
faddan with total production 5.8
million ton (FAO, 2011). It is
very important to increase pro-
duction of maize to cover gab
between production and con-
sumption. The highest maize
yield production in New Valley
region depends on many factors
which  could be achieved
through:

1- Cultivating the promising
maize cultivars that characterized
by high vyielding, tolerance to
heat stress and drought. Many
investigators found that maize
cultivars differed in yield and its
components among them Soli-
man and Barakat (2006) who
mentioned that there were signif-
icant differences among the two
inbred lines. Also, Naushad Ali
et al. (2007) revealed that the
tested maize genotypes differed
significantly for the ear length,
1000-grain weight and grain
yield (kg ha™). All tested maize
hybrids differed significantly for
plant height, number of ears per
plant, number of rows per ear,
number of grains per ear, 1000-
grain weight and grain yield/fad.
(Muhammad et al. 2007). In ad-
dition, Akram et al. (2010) found
that significant differences were
found in the maize hybrids with
respect to ear length, 1000-grain
weight, grain yield and biological
yield.

)

2- Using substances that in-
crease the ability of endurance
the heat stress as potassium ele-
ment (K). Whereas, potassium
enhances carbohydrate synthesis
and translocation, protein and
amino acid synthesis and enzyme
activity. It controls transpiration,
respiration, regulation of plant
stomata and uptake of certain
nutrients, like nitrogen and mag-
nesium, enhances rooting, and
stress tolerance of maize (Robert,
2005). Several research works
have observed positive response
of maize plants to potassium fer-
tilizer and increasing yield and its
components among them Mu-
hammad et al. (2007) found that
different potash levels had a sig-
nificant effect on grain yield. The
application of K,O increased en-
zymes activation which increased
flag leaf area, thus resulted in the
highest grain yield of maize.
Likewise, Magsood et al. (2008)
found that the application of po-
tassium increased the yield and
yield components of maize
plants. Moreover, Ahmad et al.
(2009) reported that grain yield
was significantly increased by K
application. The increase in yield
up to 200 kg ha™ was significant
at each K level and significant
reduction vyield occurred at K
level of 250 kg ha™.

3- Applying elements that in-
crease efficiency of pollination
process under drought conditions
like boron (B). Whereas, Loomis
and Durst (1992) found that bo-
ron deficiency reduced pollen
germination rate and retardation
of pollen tube growth. Boron de-
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ficiency also caused morphologi-
cal abnormalities, including
swelling at the tip of the pollen
tube. Walden (1993) reported
that rates of germination of
maize pollen grains was above
90% when was treated for 30
minute by 0.01% boric acid and
continued pollen tubes 16 h after
germination, Aydyn et. al. (2003)
indicated that boron plays a vital
role in pollination, viability of
pollen grains, development of
plant tissue, promote germination
pollen grains, promote tube
growth, water relations and sugar
translocation. These results are in
agreement with those obtained by

Walden (1993); Ray (1999)
Wagar et al. (2009) and Sittichai
et al. (2010).

So, this study was designed
to improve maize productivity by
using three cultivars of maize
plants fertilized with different
potassium and boron levels under
New Valley conditions.
Materials and Methods:

Two field experiments were
carried out in the Desert Re-
search Center (D.R.C.), Agricul-
tural Experiment Station at EL-
Kharga Oasis, New Valley Gov-
ernorate, during the two summer
growing seasons (2010 and
2011). This study aimed to inves-
tigate the effect of potassium and
boron fertilization on vyield and
its components for some maize
cultivars. The soil of the experi-
ment was sandy clay loam tex-
ture, pH values, organic matter
(%), Ec (ppm), available K
(ppm), B and Fe (ppm) were
8.74, 0.58, 614, 31, 0.55 and

vy

66.08, in the first season, while in
the second season the respective
values were 8.69, 0.67, 587, 36,
0.47 and 71.44, respectively.

The experiment included 36
treatments which were the com-
binations among the three culti-
vars, three potassium levels and
four boron levels:

A — Maize cultivars:

1) Giza-10

2) Giza-321

3) Giza-324

The maize cultivars were ob-
tained from Maize Breeding Sec-
tion, Agriculture Research Center
(A.R.C.), Ministry of Agric.
Whereas, Giza-10 is a single
cross but Giza-321 and Giza-324
are triple crosses. Grains of the
three cultivars were sown at 15
March in both seasons at a rate of

15 kg fad™.
B - Potassium fertilizer treat-
ments:

Potassium fertilizer treat-
ments were:

1) Without potassium (K,0)

2) 36 Kg K,0 per fad.

3) 72 Kg KO per fad.

Each potassium level splited
into two equal doses, the first
dose was added after 30 days,
then the second dose at 60 days
from sowing. Potassium was
added in the form of potassium
sulfate (48% K,0).

C - Boron foliar application:

Boron foliar treatments were
added at four levels as follows:

1) Without boon (water spray).

2) 226 ppm boron (0.20 % borax)
3) 452 ppm boron (0.40 % borax)
4) 678 ppm boron (0.60 % borax)
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Boron was applied as foliar
application in the form of borax
(Na;B,0,.10H,0, 11.3% B) at 50
% from tasseling stage (60 days
from sowing) with 300 liter water
fad™.

A split split plot design with
three replications was used. The
main plots were occupied with
maize cultivars, the sub plots al-
lotted with boron foliar levels
and the treatments of potassium
assigned in the sub sub plots.
Each experimental unit area in
the two seasons was 10.5 m?
(1/400 faddan). All recommend-
ed common agricultural practices
were adopted throughout the two
experimental seasons. First irri-
gation was applied at 15 days
after sowing and then plants were
irrigated every 8 days till the
dough stage.

At harvest, Samples of 5
plants plot™ were taken randomly
after 119 and 124 days from sow-
ing in 2010 and 2011 growing
seasons, respectively, from the
middle of plot for every treat-
ment to determine the following
characters: plant height (cm),
number of ears plant™, ear weight
(9), ear length (cm), number of
grains ear”, 1000-grain weight
(9), shelling (%), grain vyield
(kg/faddan) and biological yield
(kg/faddan).

Where:

- Plant height (cm): measured
as a distance from the ground
surface to the base of tassel node.

-Grain yield (kg fad™):
Three center rows were harvested
from each sub-sub plot to deter-
mine from the weight of grain

ARl

adjusted to 15.5% moisture of
each plot and expressed to kilo-
gram fad™.

- Shelling (%) = Weight of
grains from ten ears/weight ten
ears x 100.

All the obtained data were
subjected to analysis of variance
according to the method de-
scribed by Gomez and Gomez
(1985). Means comparison were
done using least significant dif-
ference (LSD) at 5% level of
probability.

Results and Discussion
Effect of cultivars:

Results presented in Table
(1) revealed that plant height, ear
weight, ear length, no. of grains
ear’,  1000-grain  weight,
shelling%, grain yield and bio-
logical yield were significantly
affected by maize cultivars in
both seasons. On the other hand,
maize cultivars did not signifi-
cantly differ in number of ears
plant™ in both seasons. The high-
est values of these characters
were recorded by cultivar Giza-
321 followed by cultivar Giza-
324, while the minimum values
were recorded by cultivar Giza-
10 in both growing seasons. Dif-
ferences between Giza-321 and
Giza-324 were not significant for
shelling% in both seasons as well
as for grain yield and biological
yield in the first season only. It is
worthy to mention that differ-
ences among the studied cultivars
in grain yield may be due to dif-
ferences in genetic structure be-
tween the three maize cultivars.
In this respect Abd El-Gawad et
al. (1985) reported that the
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Three-Way Cross 310 surpassed
the Single Cross. EI-Koomy
(2005) mentioned that differ-
ences between cultivars might be
due to differences in number of
roots and the average weight of
blade. Moreover, it might be at-
tributed to the differences in pho-
tosynthetic activity of the leaves,
i.e., internal factor and/or differ-
ences in light distribution of leaf
surface of the crop canopy result-
ed from differences in leaf ar-
rangement and to differences in
chlorophyll content and photo-
synthesis enzymes activity. Here,
the highest grain yield might be
due to its maximum numbers of
ears plant™ and grains ear™, the
longest and the heaviest ear, and
the highest 1000-grain weight
and shelling percentage. Similar
results were reported by Mu-
hammad et al. (2007) and Nazir
et al. (2010). Further, EI-Gizawy
and Salem (2010) mentioned that
there were significant differences
among maize hybrids in number
of ears plant™, number of grains
ear™, 100-grain weight, shelling
%, ear weight, grain weight ear™
and grain yield fad.™ in both sea-
sons. Abdul Aziz et al. (2011)
cleared that ear height, no. of
ears plant'l, ear length, no. of
grains ear®, 1000-grain weight
and grain yield ha™ varied signif-
icantly among the varieties. The
highest grain yield was attributed
for its maximum number of ears
plant™, grains ear™ and the high-
est 1000-grain weight. Also,
Ahmad et al. (2011) mentioned
that different maize hybrids af-
fected grain rows ear®, no. of

Y¢

grains ear®, grain weight ear®
and grain yield significantly.
A- Effect of boron foliar:

Data recorded in Table (2)
indicated that applying boron
spray levels from zero to 678
ppm to maize under EL-Kharga
soil conditions had a highly sig-
nificant effect on all studied traits
except plant height and number
of ears plant™ were not signifi-
cantly affected. Maximum values
of these parameters were pro-
duced by 452 ppm of B in both
seasons. Therefore, the increases
percentages in ear weight (87.80
& 99.44), ear length (16.09 &
19.23), no. of grains ear™ (120.92
& 274.78), 1000-grain weight
(6.35 & 5.18), shelling % (24.48
& 8.96), grain yield (120.44 &
135.08) and biological yield
(47.99 & 40.16) outcome the fo-
liar by this level (452 ppm boron)
compared with control (without
boron), in the first and second
seasons, respectively. However,
the differences between boron
foliar application by 452 and 678
ppm were not significant on ear
length and biological yield in the
first season only, and on 1000-
grain weight and shelling% in
both seasons. Aydyn et al. (2003)
indicated that boron plays a vital
role in pollination, viability of
pollen grains, development of
plant tissue, promote germination
pollen grains, promote tube
growth, water relations and sugar
translocation. This finding is in
agreement with those obtained by
Walden (1993); Ray (1999); Ec-
harte et al. (2006) and Sittichai et
al. (2010) who reported that B
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foliar increase no. of grains ear”
and grain yield.
2-Effect of potassium fertilizer:

Data in Table (3) revealed
that increasing potassium fertili-
zation rates from 0 to 72 kg
K,O/fad. caused significant in-
crease in all yield components of
maize plants in the both seasons,
except number of ears plant™ in
the second season. The increas-
ing percentages with using the
high rate of potassium fertilizer
(72 kg K,O/fad) at comparing
with the control treatment were
for plant height (66.99 & 67.39),
no. of ears plant™ (11.59 & 5.14),
ear weight (104.98 & 62.07), ear
length (76.28 & 70.65), no. of
grains ear’ (119.75 & 37.55),
1000-grain  weight (26.59 &
26.61), shelling % (30.48 &
42.07), grain yield (163.86 &
117.49) and biological yield
(62.42 & 59.01), in 2010 and
2011 seasons, respectively. Rob-
ert (2005) mentioned that potas-
sium enhances carbohydrate syn-
thesis and translocation, protein
and amino acid synthesis and
enzyme activity. Also, it controls
transpiration, respiration, regula-
tion of plant stomata, enhances
rooting and stress tolerance of
maize. These results are in ac-
cordance with those mentioned
by Muhammad et al. (2007);
William (2008); Magsood et al.
(2008); Ahmed et al. (2009) and
Masood et al. (2009).

Further, Akram et al. (2010)
showed that the effect of the ap-
plication of potassium was more
pronounced in improving and
increasing the yield components

Yo

of the maize crop (plant height,
no. of grains ear™ and 1000-grain
weight). Application of potassi-
um at the optimal level (125 kg
ha') significantly  improved
maize yield. This may be due to
turgor pressure and maintenance
of water and nutrient uptake be-
cause potassium plays an im-
portant role in osmoregulation.
As well as, Ahmad et al. (2011)
indicated that number of grains
ear™ and grains weight ear™ var-
ied significantly by the applica-
tion of potassium. Crop receiving
no fertilizer had significantly low
number of grains ear™ and grains
weight ear™ than rest of the K
treatments.

B-Effect of the interactions:

1- Effect of the interaction be-
tween cultivars x boron foliar
application

According to the data in Ta-
ble (4) the effect of the interac-
tion between maize cultivars and
spraying boron was significant
on ear weight, ear length, 1000-
grain weight and vyields of grain
and biological in both seasons, as
well as the shelling percentage
was significant in the second sea-
son only. On the other hand, the
effect of this interaction was not
significant on plant height and
no. of ears plant™.

Maximum values of the in-
teraction between maize cultivars
and boron spraying on yield and
its components was obtained
from plants Giza-321 cultivar
which had received 452 ppm as
boron foliar application on the
two seasons. While, the mini-
mum values were obtained by
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Giza-10 cultivar and the control
treatment of boron (without bo-
ron foliar) in both season. Aydyn
et al. (2003) reported that grain
yield increased significantly up
to 2 kg B/ha, then decreased with
higher B level in Kiziltan culti-
var. Moreover, Sittichai et al.
(2010) mentioned that B benefit
the production of hybrid maize
grain, which the primary concern
being successful pollination and
fertilization.
2- Effect of the interaction be-
tween cultivars x potassium
rates

Available data in Table (5)
revealed that all above traits of
yields and its components were
significantly affected by the in-
teraction between maize cultivars
and rates of potassium fertilizer
in both seasons except, no. of
ears plant™ don’t reach the signif-
icant level in the two seasons.
The highest values of yield and
its components of maize plants
were obtained by Giza-321 culti-
var with the highest rates of po-
tassium  fertilizer (72 kg
K,O/fad.) in both seasons. In
this respect, the lowest values
were achieved by the combina-
tions of Giza 10 cultivar with
control (without potassium) in
the two seasons. Nazim et al.
(2007) stated that the interaction
of V x K showed that more no. of
grains ear" was noted in Azam
var. with 90 kg potassium per
faddan. On the other hand,
Akram et al. (2010) mentioned
that the interaction between
maize hybrids and potassium
levels was non significant on

1

plant height, no. of grains ear™
and 1000-grain weight.
3- Effect of the interaction be-
tween boron x potassium

Results in Table (6), general-
ly, indicated that plant height, ear
weight, ear length, no. of
grains/ear, 1000-grain weight,
grain and biological yields were
significantly affected by the in-
teraction between boron foliar
application and potassium ferti-
lizer, as well as the shelling per-
centage was significant in the
first season only. While, no. of
ears/plant did not significantly
affected by the interaction in both
seasons. The maximum incre-
ments for yield and its compo-
nents were obtained by spraying
maize plants by 452 ppm boron
with adding high rate of potassi-
um fertilizer (72 kg K,O/fad.) in
both seasons. The lowest values
were achieved by the control
treatments for the two factors
(boron and potassium) in the two
seasons.
4- Effect of the second order
interaction

Regarding the effect of the
interaction among maize culti-
vars, boron foliar application and
potassium fertilizer rates on yield
and its components, data in Ta-
bles (7 and 8) indicated that sig-
nificant increases in plant height,
ear weight, ear length, no. of
grains ear?, 1000-grain weight,
shelling %, grain yield and bio-
logical yield during 2010 and
2011 seasons were detected.
However, no significant effects
were achieved for no. of ears
plant™ in both seasons.
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The maximum increases due
to this interaction were obtained
by Giza- 321 maize cultivar with
spraying 452 ppm boron and fer-
tilization with 72 kg K,O/fad. in
both seasons. It could be con-
cluded that Giza-321 cultivar
surpassed Giza-324 and Giza 10
under spraying by 452 ppm bo-

v

ron and high rate of potassium
fertilizer which was adaptive to
environmental conditions and
subsequently in increasing the
efficiency of the plants in more
building metabolites leading to
increase yield and its components
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