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ABSTRACT: A field experiment was carried out on a clayey soil at EI-Gemeiza Agricultural
Research Station, El-Gharbia Governorate, Middle Nile Delta region, Egypt during two
successive growing winter seasons of 2012 / 2013 and 2013 / 2014 to study the effect of
different rates and doses of cobalt and its temporal foliar application on growth, yield and
some chemical compositions of wheat plant ( Triticum aestivum L.) variety Gemeiza 11 under
two intervals of irrigation; 25 and 40 days. Cobalt was added as Co- acetate {{CH;COO), Co} at
four rates namely 81, 162, 324 and 648 mg Co / L in addition to control treatment with Co-free
water on two techniques; the first was three equal doses at seedling, tillering and heading
stages and the second was one dose only at tillering stage. The volume of the spray solution
for each application was 400 | / fed. The experiment was carried out in a split split plot design
with three replicates. The obtained results showed that:-

Plant height (cm), spike length (cm), number of spikes / m?, weight of 1000 grains (g), grains
and straw yields as (kg/plot and kg/fed.) as well as biological yield (kg/fed.) were significantly
increased with the increase of added Co rate. Foliar application of Co on three equal doses
efficiently enhanced these parameters more than those sprayed on one dose. Also, the values
of the previous parameters were markedly higher when wheat plants irrigated every 25 days
than those irrigated every 40 days. The best results were accompanied with the foliar
application of Co at a rate of 648 mg Co / L, applied on three equal doses, under 25-day
irrigation interval treatment.

Interaction effects among all the applied treatments were insignificant on the studied
parameters of plant growth, grains and straw yields and yield quality. Also, most of the dual
interactions exerted significant effect on growth characters. However, the interaction between
the techniques of Co application rates and doses was significant effect on grain and straw
yields.

Nitrogen, P and K concentration (%) and uptake (kg / fed.) by grains and straw as well as crude
protein (%) were increased by elevating Co rates especially in the first technique of Co
application and at 25-day irrigation interval. Nitrogen and P concentration (%) and uptake (kg /
fed.) by grains were higher than those b}/ straw, while K appeared reverse this trend.

Except Fe, both concentrations (mg kg™) and uptake (g / fed.) of Mn, Zn, Cu and Co by grains
and straw were increased with the increase of added Co rates, especially in the first technique
of Co application and at irrigation every 25 days. The obtained data exhibited existence of an
antagonistic relationship between the added Co and Fe. These microelements could be
arranged, according to their contents of both grains and straw, in the following orders: Fe > Zn >
Mn > Cu > Co. Except Zn, the content of the microelements, under study, in grains were higher
than those found in straw.

Key words: Clayey soil, Irrigation intervals, Cobalt, Foliar application, Rates and doses and
Wheat productivity and quality.

INTRODUCTION about the very limited water resource. Abu-

The scarcity of water makes it difficult Zeid (1999) indicated that, the country
and expensive to expand the cultivated reached the so-called line in water
lands or even protect soils with natural resources with a per capita water share of
cover. In Egypt, there is growing concern almost 1000 m® / person / year. This is
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expected to fall to less than 500 m* by 2030,
when the population reaches an estimated
100 million. Because of increasing
population, demand for irrigation water will
continue to increase. lIrrigation uses more
than 85 % of the total renewable water in
Egypt. So, efficient and effective water
management is necessary.

From other wise, wheat plant ( Triticum
aestivum L. ) is considered one of the most
important cereal crops in the world. The
mass production of wheat in Egypt (8 million
ton) is about 50 % lower than the
consumption (14.5 million ton / year at
2010). Therefore, more than six million tons
must be imported annually. One or more of
various manners should be followed. The
first is by increasing the cultivated area of
wheat in both old and newly reclaimed soils.
The second is by growing resistant cultivars
(plant certified must-free seed) which is
considered the most economical and
effective way of controlling diseases. The
third is by improving agriculture practices
among which are the time, irrigation and
amount of chemical fertilization (Elbaalawy,
2010).

Through the role of producing healthy
wheat plants, cobalt is considered a
beneficial element in spite of the absence of
evidence for direct role in plant metabolism.
It is essential for the synthesis of vitamin B.,
which is required for human and animal
nutrition (Smith, 1991). The daily cobalt
requirement for human nutrition could reach
8 ppm depending on cobalt levels in the
local supply of drinking water without health
hazard (Gad et al., 2013). WenHua et al.
(2004) showed that cobalt application at
rates of 0.75 and 1.05 kg Co / ha increased
grain yield of wheat by 7.4 — 20.3 % as
compared with the no-Co control,
respectively. The greatest yield increase
was obtained with the treatment of 1.05 kg
Co / ha. Also, Cobalt treatment of 0.75 kg
Co / ha increased the different extents;
protein content and protein yield of the grain.
Elbaalawy (2010) found that application of
cobalt to alluvial soil at rate of 2 mg L™
enhanced both air and oven dry weights of
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straw and grains yield of wheat plants. Also,
Gad and Kandil (2011) indicated that
increasing cobalt levels in the wheat plants
cultural media up to 15.0 mg Co kg™ soil
stimulated their growth, dry matter content,
yield and its quality. Cobalt at application
rate of 15.0 mg kg™ soil gave a significant
increase of wheat growth; vyield and
nutritional status except Fe. Also, they found
that iron content was decreased with
increasing cobalt doses and suggested the
existence of certain antagonistic
relationships between the two elements (Co
and Fe). In addition, Aziz (2012) indicated
that the application of different levels of
cobalt (10-50 mg kg* soil ) led to an
increase in biomass accumulation and yield
responses to cobalt and such increase was
always accompanied by increasing nitrogen,
phosphorous and potassium concentrations
in both shoots and roots as well as protein
content of alfalfa.

This work was carried out to study the
effect of different rates and doses of cobalt
and its temporal foliar applications on wheat
growth, yield and some nutrient contents in
grains and straw under two intervals of
irrigation.

MATERIALS AND METHODS

A field experiment was carried out on
alluvial clayey soil at El-Gemeiza
Agricultural Research Station, El-Gharbia
Governorate, Middle Nile Delta region,
Egypt during the two successive growing
winter seasons of 2012 / 2013 and 2013 /
2014 to study the effect of foliar application
of different rates of Co, numbers of doses
and its temporal application, under two
intervals of irrigation on wheat plant
(Triticum aestivum L.) variety (Gemeiza 11).
These characters of wheat plant were
appraised according to the previous
treatments; growth parameters, grain and
straw yields, some nutrient contents and its
tolerance for drought stress under the
circumstance of  these treatments.
Representative surface soil samples (0 - 30
cm) were taken from the used soil before
performance of the experiment. Soil
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samples were air - dried, ground, mixed
well, sieved through a 2 mm sieve. The
samples then were analyzed for
determination of some physical and
chemical properties, also, the content of
some available macro- and micronutrients
and Co according to the methods described
by Cottenie et al. (1982); Page et al. (1982)
and Klute (1986). The obtained data were
recorded in Table (1).

The present experiment includes 60
experimental units (plots). The area of each
plot was 10.5m? (3.5 m length x 3 m width;
1/400 fed.). The experiment was carried out
in a split split plot design with three
replicates. The main plots were assigned to
two intervals of irrigation; at 25 and 40
days. The subplots received the different
rates of cobalt namely 0, 81, 162, 324 and
648 mg Co / L and the sub subplots were
denoted for the number of Co application
doses (one or three doses).

Cobalt was added as foliar applications in
the form of Co- acetate {(CH;COOQO), Co} on
two different techniques. In the first
technique, Co was applied on three equal
doses ( each was of 27, 54, 108 and 216
mg Co / L) for different growth periods, i.e.,
seedling stage (with the first irrigation),
tillering and heading stages. While in the
second technique, Co was applied on one
dose at tillering stage, only. The volume of
the spray solution for each foliar spraying
was 400 | / fed.

All agricultural practices beginning from
sowing to harvesting were performed as
recommended by Egyptian Ministry of
Agriculture. Before sowing, all plots were
fertilized with 100 kg /fed. of ordinary super
phosphate (15.5 % P2 05), during the final
soil preparation. Wheat grains were planted
on 15" and 18" of November 2012 and
2013 and harvested on 4" and 8" of May
2013 and 2014 at the first and second
season, respectively.

Table (1): Some Physical and chemical properties of the used soil.
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were calculated as the difference between the content of soluble cation ( Na*, k', ca® and
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Just before harvesting, ten plants were
taken randomly from each plot. Some
growth parameters, i.e., height of whole
plant (cm), spike length (cm) and number of
spikes / m® were measured. At harvesting
time, the plants of each plot were harvested
separately. The grains were separated from
straw to measure: weight of 1000 grains (g),
grains and straw yield as kg / plot and kg
/fed. and were recorded. Biological yield (kg
/fed.), harvest index (%), relative change of
wheat vyield (grains and straw) and
agronomical efficiency were calculated.
Grain and straw samples were air-dried
then, oven-dried at 70 °C for 48 hrs.,
weighed , ground and digested for chemical
determination according to the method
described by Chapman and Pratt (1961).
Nitrogen, P and K content in the digests
were determined according to the methods
described by Cottenie et al. (1982). Crude
protein percentage was estimated in the
different parts by multiplying N % values by
5.75 as described by A.O.A.C. (1990). The
atomic absorption spectrophotometer was
used to determine Fe, Zn, Mn, Cu and Co
concentrations in the prior parts according to
the methods recommended by A. O. A. C.
(1990).

The relative change (RC) of wheat yield
(grains and straw) was calculated as
follows:-

RC = {(dry matter yield of treated plants) -
(dry matter yield of untreated plants) /
(dry matter yield of untreated plants)}x
100.

The agronomical efficiency (AE) was
calculated according to Sisworo et al. (1990)
as follows:-

AE = {(dry matter yield of treated plants) -
(dry matter yield of untreated plants)}/
added Co (mg L™).

The data were exposed to statistical
analysis according to Gomez and Gomez
(1984). The significant differences among
means were tested wusing the least
significant differences (L.S.D.) at 5 % level
of significant error.

RESULTS AND DISCUSSION
Growth Parameters.
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The presented data in Tables (2 and 3)
showed the effect of foliar application cobalt
rates and two techniques of application
(rates, number of applied doses and its
temporal application) under two intervals of
irrigation on some growth parameters of
wheat plants. These data showed that all
plant growth parameters under study; plant
height, spike length, number of spikes / m?,
spike weight and 1000 - grain weight were
increased significantly with the increase
rates of added Co. At the same interval of
irrigation, the values of all growth
parameters of plants treated by Co, in three
doses, were higher than those treated in
one dose. The greatest effect of cobalt on
dry matter accumulation of different plant
parts was observed with Co rate of 648 mg
Co L™, applied in three doses treatment.
This trend was found under the two intervals
of irrigation. These increases indicated that
the enhanced effect of Co on plant growth
may be resulted due to its important role on
some biochemical processes and enzymes
activity within plant tissues (Marschner,
2003). These data are in harmony with
those obtained by Elbaalawy (2010) and
Gad and Kandil (2011). Also, data clarified
that performed application of Co in doses
was preferred among the beneficial effects
of Co to be exist at different growth periods.
These findings may be supported by the
calculated values of relative changes (RC)
as a per cent of the found values of the
control treatment for all growth parameters
under study (Table, 3). The results revealed
that all RC values at different application
rates of Co were positive with different
growth parameters. These percentage of
increases were elevated by increasing the
added Co rates, especially in three doses.
At the same application rate of Co, the
percentage of increases values of each
growth parameter in the plants treated by
Co, in three doses, were higher than those
found in the plants treated by Co, in one
dose. In the two techniqgues of Co
application, the highest values of RC were
found with spike weight followed by spike
length, while the lowest values were found
with RC of plant height. This trend reflects
the differences among these growth
parameters to response for Co application.
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In this respect, WenHua et al. (2004);
Hussain et al. (2005) and Elbaalawy (2010)
obtained similar results.

Concerning to the effect of irrigation
intervals on all studied plant growth
parameters, data in Table (2) showed that
their were significant differences between 25
days and 40 days intervals. The results in
Table (2) illustrated that all studied plant
growth parameters were higher at 25 days
irrigation intervals than that at 40 days. The
enhanced findings, under 25-day interval,
may be resulted from the higher amounts of
available or soluble nutrients and its uptake
by plants associated the high content of
available water under 25 days of irrigation
interval compared with that of the another
one. Also, the high content of available
water might be resulted in a decrease of
salinity and/or drought stress (Marschener,
2003). These results are in accordance with
those obtained by Mahgoub and El-Sayed
(2001); Nassar et al. (2004) and El-Ashry
and El-Kholy (2005).

The listed RC (%) values in Table (3) for
the spike weights and 1000- grain weights
revealed that, with the same application rate
of Co, RC values for the plants irrigated
every 40 day were higher than those in the
plants irrigated every 25 day. These findings
could be explained due to higher efficiency
of Co applications under 40 days irrigation
interval. Also, it means that Co applications
raised plants tolerance for drought stress. In
this concern, Li et al. (2005) noticed that
treatment of potato seedlings with Co
alleviated the decline of polyamines content
which are bound to cell membrane, under
stress, and exert protective effect on leaves
from stress damage. Another reason for
such results was reported by El-Sheekh et
al. (2003) who found that Co application was
associated by an increase of photosynthetic
electron transport. Finally it could be
concluded that, Co fertilization may be used
to overcome the deficient of available water,
where these fertilizer applications were
resulted in increasing water use efficiency.

Grain and Straw Yields.
The presented data in Tables (4 and 5)
showed the yields of grain and straw of
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wheat plants and their statistical analysis as
affected by different treatments of Co ( rates
and techniques ) and intervals of irrigation.
The data showed that both grains and straw
yields (kg / plot and kg / fed.) were
significantly increased with the increase rate
of added Co. The obtained increases in
wheat yield treated by Co applied in three
doses were markedly higher than that in one
dose, where splitting the rates of Co into
three doses during the different stages
allows the enhancement effect of Co on
plant growth to be excised for longer
periods. A significant interaction effect
between the numbers of applied doses and
the rates of Co application was detected.
This finding may be clarified from the
calculated RC (%) values for both grains
and straw yield (Table, 5). These values
show that all RC values were positively
increased with the increase rates of added
Co. And the obtained percentage of grain
and straw yield increases with the plants
treated by 3-doses Co application were
higher than those sprayed by 1-dose only.
From these results, it could be concluded
that Co fertilization rates should be added in
splitted portions. The enhanced effect of Co
application, on plant growth and vyield
productivity may be attributed to its effect on
some enzymes activity, nutrients uptake and
photosynthetic electron transport (EI-Sheekh
et al.,, 2003; Gad, 2006; Kandil, 2007 and
Elbaalawy, 2010).

The data of grains and straw yield of
wheat plants and their statistical analysis
presented in Tables (4 and 5) detected the
obtained yields of both grains and straw
wheat plants irrigated every 25 days were
significantly higher than those produced by
the plants irrigated every 40 days. These
findings were found with all applied Co rates
at the two application techniques. On the
other hand, the results showed that, RC (%)
values of grain and straw yields of wheat
plants irrigated every 25 days were higher
than those in the plants irrigated every 40
days. This could be explained due to the
differences between the increases
percentages of both yields of Co rates of the
two intervals did not reach the significance
where the highest difference was 2.89 for
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Table (5) : L.S.D. at level 0.05 of wheat plants (grains and straw yields) as affected by
different cobalt foliar applications rates and doses under two irrigation

intervals.
Grains yield Straw yield
The studied treatments
kg / plot kg / fed. kg / plot kg / fed.
Irrigation 0.100 40.0 0.160 64.0
Rates 0.133 53.2 0.070 28.0
Doses 0.123 49.2 0.090 36.0
Irrigation x Rates ns ns ns ns
Irrigation x Doses ns ns ns ns
Rates x Doses 0.16 65.0 0.100 40.0
Irrigation x Rates x Doses ns ns ns ns

ns = not significant

grains and 2.04 for straw. This might be
revealed that treatment of wheat plants with
Co enabled the plants to tolerate the wider
interval of irrigation. In this regard, Hu and
Schmidhalter (2005) demonstrated that
decreasing soil water content decreases the
availability of K the element of an important
role in stomatal closure during abiotic stress;
like drought and salinity. Cabanero and
Carvajal (2007) reported that K starvation in
plants favors stimulation of stomatal
conductance and promotion of transpiration
as well as synthesis of ethylene that
counteracts and delays stomatal closure.
Benlloch-Gonalez et al. (2010) found that
treatment of K-starved sunflower plants with
5 g M CoSO, inhibited  stomatal
conductance as those of plants with an
adequate K and inhibited synthesis of
ethylene. Data of RC (%) in Table (4)
revealed that, under all treatments of Co, the
increasing percentages of straw yield were
higher than those of grain yield. So, it may
be concluded that straw of wheat plants
have higher responses to Co application
than grains. Also, RC values of straw under
the two intervals of irrigation were higher
than those of grains (Table, 4). This means
that, straw vyield less affected by the
availability of soil water content than grains.
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In this concern, Ghazanavi and Abdolshahi
(2012) indicated that drought stress had the
highest impact on grain yield out of the
studied traits. These results could be related
to the limited translocation of
photosynthetase and nutrients to the
developing grains as affected by limited
availability of water. These results agree
with these obtained by Aery and Jagetiya
(2000); Elbaalawy (2010) and Aziz (2012).

Data shown in Table (6) illustrated the
agronomical efficiency (AE) which indicated
the effect of each unit of added Co at the
two techniques and, under two intervals of
irrigation on plant growth, dry matter
accumulation and vyield productivity. AE
values were varied widely according to plant
part and added Co concentrations. The
obtained values of AE in the first technique
of Co application were higher than those in
the second technique, under the two
intervals of irrigation. The higher increases
of AE were found with plants irrigated every
25 days. Also, these results were in
harmony with the tabulated value of RC of
dry matter. The results are in a good
accordance with those of Tantawy (2004);
WenHua et al. (2004) and Gad and Kandil
(2011).
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Macronutrients Content of Grain

and Straw.

The presented data in Tables (7 to 9)
showed concentrations (%) and uptake (kg /
fed.) of N, P and K by grains and straw of
wheat plants as affected by Co application
rates and doses under two intervals of
irrigation. These data showed that the
contents of N, P and K were increased with
the increase of added Co in the two
techniques. In grains and straw, contents of
N, P and K with Co application rate as three
doses were higher than those of one dose.
This finding may be attributed to covering
almost the different growth periods, in the
first technique. In the two techniques of Co
application, N and P concentration and
uptake by grains were higher than those
found with straw, while K appeared reverse
this trend. This trend was found with
different application rates of Co, under the
two intervals of irrigation. At the same
application rate of Co under the two
irrigation intervals, the content of N, P and K
in the grains takes the order of N > K > P,
while in the straw this order was: K > N > P.
These results are in agreement with these
obtained by Basak (2006); Elbaalawy (2010)
and El- Dardiry et al. (2010). The data in
Table (7) also, showed that grain and straw
contents of protein (%) takes the same trend
of N concentration (%), where it's obtained
by multiple the content of N (%) by 5.75
(A.O.A.C., 1990). The increase effect of Co
applications on N, P and K uptake could be
clear by the calculated values of RC (%) for
these macronutrients under the two irrigation
intervals as listed in Tables (7 to 9). These
tables show that all RC values for N, P and
K uptake by both grain and straw were
increased with the increase of added Co.
The values of RC with Co application in 3-
doses technique were higher than those of
sole dose. This trend was found with
different application rates of Co under the
two irrigation intervals. With the same
treatment of Co and irrigation period, RC
(%) of N and P uptake by straw were higher
than those of grains, while K appeared
reverse this trend.

Regarding the effect of irrigation intervals
on wheat plant (grain and straw) content of
N, P and K (% and kg / fed.) as presented in
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Tables (7 to 9) , it was showed that with the
two techniques of Co applications at all
application rates, N, P and K concentration
and uptake by both grains and straw of
wheat plants irrigated every 25 days were
higher than those irrigated every 40 days.
These findings were resulted from the higher
soil content of available water under 25 days
treatment compared with that under 40 days
one. The increases were varied between
grains and straw. These differences may be
clear from the calculated values RC (%) for
N, P and K uptake by either of grains or
straw as recorded in Tables (7 to 9). The RC
values of these nutrients uptake by wheat
plants with 25 and 40 days intervals of
irrigation were positive, but these values
were higher with 25-day irrigation treatment
compared with the another interval
treatment. These findings were in good
harmony with those obtained by El-Ashry
and El- Kholy (2005); Arif et al. (2006) and
El- Dardiry et al. (2010).

Microelements Content of Grain

and Straw.
The presented data in Tables (10 to 14)
pointed out that except Fe, both

concentration (mg kg™) and uptake (g / fed.)
of Zn, Mn, Cu and Co by grains and straw of
wheat plants were increased with the
increase of added Co wunder the two
intervals of irrigation. In both grains and
straw, the found increases of Zn, Mn, Cu
and Co content in wheat plants treated by
Co as three doses were higher than those
treated by Co as one dose. Also, at the
same rate of added Co under the two
intervals of irrigation, the concentration (mg
kg™) and uptake ( g/ fed.) of microelements,
under study, in the grains were higher than
those in the straw, except Zn where it was
reverse this trend. These results are in
agreement with those obtained by Arif et al.
(2006); Basak (2006) and Gad and Kandil
(2011). At the same studied treatment, the
values of concentration (mg kg™) and uptake
(g/fed.) of microelements, under study, by
grains and straw were varied from element
to another where these elements may be
arranged according to their content of both
grains and straw in the following order: Fe >
Zn > Mn > Cu > Co.
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Regarding the data of RC (%) of the
determined microelements uptake by grains
and straw of wheat plants as recorded in
Tables (10 to 14) may be concluded that,
except RC values of Fe uptake, all RC
values for the other microelements uptake
by either of grains and straw were increased
with increasing of added Co in the two used

application techniqgues under the two
intervals of irrigation. At the same
application rate of Co, RC (%) of

microelements uptake by grains and straw
of wheat plants treated by Co on three
doses were higher than those on one dose;
under the two irrigation intervals. The
calculated RC (%) values were the highest
with Co and the lowest with Fe.

The presented data in Tables (10 to 14)
also, showed that Fe, Zn. Mn, Cu and Co
concentration and uptake as well as the RC
values of their uptake by grains and straw of
wheat plants irrigated every 25 days were
higher than those irrigated every 40 days.
These findings were in harmony with the soil
content of available water and its effect on
nutrients solubility and uptake by plants.

Conclusion

From the previously obtained results it
could be suggested that cobalt is considered
a beneficial element for wheat. It stimulated
the growth of plants, increased grains and
straw yields and enhanced the quality of the
grains by heightened their nutrients status;
macronutrients N, P, and K and
microelements Fe, Zn, Mn, Cu and Co. Also,
it assisted wheat plant to tolerate drought
condition.
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