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Effect of Wheat Grains Soaking in some
Micronutrient Solutions on Crop Production
under Rainfall Condition

T.A. El-Maghraby
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Research Center, Cairo, Egypt.

FIELD experiment was conducted during 2001/2002

growing season at El-Kasr Research Station Farm in Mersa
Matrouh. It aimed to study the effect of wheat grains soaking in iron,
manganese, zinc and copper solutions on yield and uptake of those
elements by straw and grains of wheat plants under rainfall condition.
The experiment was conducted with five replicates using complete
randomized design. Grains soaking in Fe or Mn or Zn solutions gave
greater bioyield of wheat than control (without soaking) and Fe
treatment showed superior effect followed by Mn, Zn and Cu
treatments. High positive significant effects for soaking wheat grain
treatments occurred on straw yield uptake of macronutrients (N and K)
and micronutrients (Fe, Mn, Zn and Cu) and on grains yield uptake of
macronuirients (N, P and K) and micronutrients (Fe, Mn and Zn ). It
scems that soaking of wheat grains in micronutrients solutions caused
some drought tolerance for growth plant. Soaked wheat grain in
micronutrient solutions catch quantities of Mn, Zn and Cu enough to
provide growing plants with their needs except iron. Soaking
technique for wheat grains in micronutrients solutions was
recommended under this condition for its low costs and simple
technique.

Keywords: Wheat, Rainfall, Iron, Manganese, Zinc, Copper, Soaking .

Wheat (Triticum aestivum) is considered one of the most important winter crops
for human and animal demands in Egypt. The main factors effecting wheat
productivity in Mediterranean regions and especially in North Africa are -water
quantity as a function of available water and crop transpiration where the soil
evaporation ranged from 20 to 70% of total used water according to Siddique
et al. (1990), fertilization program (Oweis et al., 1998} and early sowing (Brown
eral., 1987). ‘ S o ‘

One of the untraditional methods, of_‘ fertilization is seed spaking. Khan &
Khan (1978) studied the presoaking of wheat grain cv. Pak-70 in Hoagland
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solution for 4 hr and found more improvement in germination percentage led to
pronounced increase in crop yield. The amount of water transpired by a crop may
be increased either by reducing soil evaporation. Saric e al. {1998) reported that
the soaking of wheat grains 1n distilled water for 24 hr increased quantity of Zn
and the yield (root + stem) ranged from 4.4% to 8.2 % compared without seed .
Saad et al. (1999) reported that soaking of wheat grains in ZnSO, solution was
of high effect on yield. Sallam (1992) found that cultivars (wheat cv. Sakha 8,
Sakha 69, Giza 135 and Giza 163) averaged over plant height, fresh and dry
weight at the tillering and heading growth stages, also tiller number/plant were
highest after in 0.1% ZnSO,. Saraswat and Bansal (1991) showed that the
highest rice grains vield was obtained (7.0 and 5.2 t/ha in 1977/78 and 1978/79.
respectively) with soaking seediings in 3% ZnO suspension for 4hr before
transplanting and sowing Zn comtent was higher in the straw than the gran.
Migahid & Sadek {1994) found that presoaking in Cu SO, had litde effect on salt
(grown at 0, 23, 50, or 73% seawater concentrations) tolerance of wheat cv. Giza
155, Ibrahim & Shalaby (1994) found that seed soaking in Zn and Cu application
increased wheat yield ¢v. Giza 163 more than the Fe and Ma. Sced soaking in
Fe, Zn and Cu significantly increased N in wheat straw and gram and P 1n wheat
grain. The uptake of Fe and Zn in wheat straw and grains significantly
augmented by the seed soaking in Fe, Mn and Zn. El-Maghraby (2000} found
that soaking wheat seed in Zn-EDTA or Zn- Sulphate (30, 60, and 90mg ZivL)
greater increased the plant weight and Zn-uptake. He found also that soaking
wheat seed in Cu-EDTA or Cu-Sulphate greater increased the plant weight and
Cu-uptake. The seed soaking was the most economic in terms of actual amounts
consumed. Padole (1979) found that soaking wheat grains in ZnSQ,, MnSO, for
4 hr increased the grains yield compared with unsoaked or water soaked grains.
Venger et al. (1983) reported similar results with solutions of trace elements.
Abo-Soliman et al. (1992) found that soaking wheat grains in ZnSO, up to 1600
mg/L resulted in significantly superior grains and straw yields to other served
soaking solutions of {K.S50,, Na; SO, Mg Cl;, Na C|, Mg SO,, Mn SO,, urea
and GA;). '

Korosi et al. (1986,a) found that manganese was absorbed from the solution
(wheat grains were soaked in 0.1, 1.0 or 10 mM solution containing Cu, Mn, Zn
and B for 4 — 24hr) in accordance with a saturation curve with a 160% increase
in seed Mn concentration after soaking in the 10 mM solution. Retention of Mn
during germination was related to the external concentration. Korosi ef al
(1986,b) showed that accumulation of Mn and Cu by wheat cv. Siete Ceiros
seedlings were inhibited by increasing trace element; (Mn, Cu and B)
concentration in the soaking solution over a concentration range of 0-10mM. The
highest trace element accumulation in the shoot occurred when grains were
soaked in distilled water prior to sowing. Accumulation of K , which was not a
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component of the soaking solution, occurred only in the 10 mM solution.
Marcar & Graham (1986) found that spaking wheat seed in MnSQ, (giving a Mn
content range of 0.1 to 6.4 u Mn /g seed) prior to sowing greatly increased the
grains Mn content, but only about 15 — 20% of this additional Mn was recovered
in the seedlings after 26 days growth. Increased grains yields from seed soaking
were evident in the field.

The main target of this work was to study the soaking effect of wheat grains
on some micronatrient solutions on crop production under rainfall condition.

Material and Methods

A field experiment was carried out on a loamy sand soil during 2001/2002
growing season at El-Kasr Research Station Farm in Mersa Matrouh using wheat
plants “Triticum aestivum” cv. Sahel 1. Complete randomized design with five
replicates for each treatment. Treatments A, B, C, D and E were grains soaked in
Fe, Mn, Zn, Cu solutions and unsoaked ones as a control, respectively, Each plot
5 X 5 m’ received 0.25 kg grains sown 2 cm below soil surface after soaking for
24 hr in solutions of FeSOy 7H,O (19.5%Fe), MnSQ,. H,O (29.0 % Mn),
ZnS0,.7TH,0(20.07 % Zn) or CuS0,.5H,0 (25.17 % Cu).The solutions were
prepared to contain 300 mg of an element/L. Plants grow under rainfall
condition till maturity, yields of wheat grain and straw for each pot were
recorded. T

The soil samples taken at the beginning of the experiment were analyzed to
define the characteristic properties. Soil particle size distribution without CaCO;
removal using pipette method (Piper, 1950), saturation percent, CaCO; and
organic matter contents were determined according to Black (1965). pH, electric
conductivity and soluble ions were determined in soil water paste extract and
rain water sample by the methods described by Richards (1954). Available form
of macro- and nicronutrients N, P, K, Fe, Mn, Zn, and Cu were extracted by
ammonium bicarbonate-diethylene triamine penta acetatic acid (NH,HTO,-
DTPA) and determined after Soltanpour (1985). Table 1 included soil
description,

TABLE 1. Soii chemical and physical characteristics of the experimentat site.

pH EC : Soluble ions (me/L)
{1:2.5 | (dS/m) | Ca™ | Mg™ |- Na* | K* | COy° |HCOy! €I | SO
susp.} |
7:87 .85 465 | 330 | 883 | 038 | 000 | 600 | 7.50 | 3.66
OM. | CaCO; ' Available form mg/kg soil
{%%) (%) - P K Fe - Mn Zn Cu
1.35 § 2291 5.0 545.0 6.0 13.1 4.0 26
Particle size distribution {%) Texture class Saturation %
Csand |Fsand| Silt Clay . (SP)
3.1 77.1 17.5 2.3 Loamy sand 25.0
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Plant samples were divided into grains and straw. Dry weiglts at 70 °C were
recorded, ground and digested by mixture of acids wet digestion. Nutrients N, P,
K, Fe, Mn, Zn and Cu were determined as described by Chapman and
Pratt(1961). The obtained data were statistically analyzed due to Steel & Torrie
(1960).

The approxirnate range of evapotranspiration (ET) for small grain was
reported by FAO (1985) between 300 — 450 mm and also the available record of
monthly and total precipitation for growth seasen 2001-2002 at Mersa Matrouh
area was reported by weather station are present in Table 2.

TABLE 2. Precipitation and chemica? analyses of the rain water.

Month 1072001 | 11/08 | 32/001 | 1702 | 2./62 | 3/02 | Total
Precipitation(mm) | 10.1 8.2 272 | 505 | 83 | 02 | 1035

Soluble ions {me/L)
Ca" Mg"* Na' K" { HCO, | CI' | 80, pH SAR | RSC

2.00 1.70 1.00 | 016 | 250 1.50 | 0.86 7.80 0.74 | 0.00
Soluble jons {me/L)
EC(dS/m) Ca™ Mg™ Na~ K" HCO, | CI 50,°
0.53 40 204 23 ] 153 53 41

Results and Discussion

Wheat straw and grains yield

As shown in Table 3, values of grains and straw yields separately or as a total
yield indicated that any soaking treatment increased the wheat yield over the
control with exception of Cu in case of grains yield. The significant differences
were found between the following and control; all soaking treatients in case of
straw yield, Fe soaking in case of grains yield, Fe, Mn and Zn soaking treatments
in case of total grains and straw yield.

TABLE 3. Effect of soaking treatments on straw, grains, total yields of wheat and
harvest index (HI).

Treatments Straw Grains Total HI

kg/fed. Over kg/fed. Over kg/fed. Over (%)
control (%) control (") control (%)

Fe i417.4 27.37 584.6 39.19 2002.0 30.61 25.20
Mn 1419.4 27.55 468.6 1L.57 1888.0 2347 2482
Zn 1377.0 2374 436.0 8.57 1833.0 19.59 2488
Cu 1200.0 7.84 408.0 -2.36 1608.0 4.9 2537
Control 11128 420.0 ' 15328 ‘ 2740

LSD. 70.1 -} 1260 1430 n.s.

(at 0.05) : )
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Percentage of yield increases over that of control treatment clarified the slope
of different soaking treatment effect where the descending order ‘was obfained
for straw, grams and total yields as follow:

Fe > Mn>Zn > Ci > control

Harvest index the percentage of grain to total plants indicated that straw was

more affected with soaking technique than grain in treatments Mn, Zn, and Cu

“where HI decreased than that of the control. The opposite was true in case of
treatment Fe {Table 3).

' Sin;li-lar results were obtained by Padole (1979); Venger et al. (1983) and
Abo-Soliman ef al. (1992). Also, Sallam (1992) and Saad et a/. (1999) found that
soaking of wheat seeds in ZnSQ; solution highly affected the yield.

Mncromnrt’enrs uptake by wheat straw

The obtained data (Table 4) of macronutrients uptake (NPK) showed a highly
positive significant effect for the soaking of wheat grains seaking in
micronutrients mineral fertilizer solutions (Fe, Mn, Zn and Cu) in augmenting
their N uptake by straw compared with control. This may be attributed to. the
soaking treatments improve germination percentage and thus increases the crop
productivity (Khan & Khan, 1978 and Saric et al. 1998).

TABLE 4. Effect of soaking treatments on macronutrients N, P.and K uptake by
wheat straw in kp/fed. ) '

Macronutrient " Treatments ' . . | LS.D.
Fe Mn Zn Cu Control " | "(at 0.05)
Nitrogen 32.70 315.70 32.96 31.63 26.17 5.34
Phosphorous 2.4! 1.99 201 - | 1.68 1677 | ns.
Potassium 2275 23.20 20.66 18.90 17.53 3.86

However, significant variations between treatments in case of nitrogen uptake
indicated that all soaking treatment raised its uptake significantly. The most
beneficial treatment resulted from treatment soakmg n Mn solutlon

As for phosphoreus uptake, treatments were found statlsucally as the same.
Iron or zine treatments showed the two highest values over the control.

Potassium uptake was significantly affected by Fe or Mn soaking treatments
only., The obtained data were in-agreement by the findings of Kortesi et
al.(1986b) who showed that accumulation of potassium by wheat plant -with
soaking in IOmM trace element solution (Mn Cuand B). :

Micronutrients upta.ke by wheat straw : "

Table 5 clarifted that iron uptake of wheat straw was mmgmﬁcamly affected
zmong all micronutrients-soaking treatment, however grains soaking i Fe, Mn
and Zn solutions significantly augmented Fe uptake of straw compared with
control. ;
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Wheat straw uptake of Mn showed promotive increase for all soaking
treatments than control. Although Mn treatment had the highest value for straw
Mn uptake there were lnsngmﬁcmt differences bctwcen all micronutrients
soaking treatments.

TABLE 5. Effect of seaking treatments on microsutrients Fe, Mn, Zn and Cu uptake

by wheat straw is gllcd.
Micronutrieat Treatments - {1 LS.D.
Fe Mn Zn Cun Control | {a10.05)
fron 694.53 695.13 619.26 579.20 46293 | 141,34
Manganese 76.54 85.12 79.12 76.80" 62.32 §.87
Zing 80.79 73.77 71.03 66.00 53.41 9.99
“Copper 3118 29.79 | 25.63 21.60 21.14 5.41

‘Zinc uptake of wheat straw showed significant differences of all soaking
treatments against control. On the other hand, there were insignificant
differences between Fe, Mn and Zn soaking treatments. Differences between
Mn, Zn and Cu soaking treatments were insignificant; the difference between Fe
and Cu treatments was significant.

The highest copper uptakes of wheat straw were for Fe and Mn treatments,
also an insignificant effect between theése two treatments was obtained. It was
clear also that there was no significant effect among treatments of Zn, Cu and
control. Copper treatment showed sngmﬁcant lower values for straw uptake of
Cu than Fe and Mn treatments.

Macronutrients uptake by wheat grain

The differences in nitrogen grains uptake between treatments of Zn, Cu and
control were insignificant as cleared in Table 6. On the other hand, N uptake
among all soaking treatments was significant except between Zn and Cu
treatments, the difference was insignificant.

TABLE 6. Effect of sonking treatments on macronutrients N, P and K uptake by
wheat grain in kgifed :

“Macronutrient Treatments ] L.S.D.

Fe Mn Zn Cu Control | (at 0.05)
{ Nitrogen . 22.51% 18.67 14.71 16.07 15.34 2.67
" Phosphorous 3.63 2.61 1.96 2.27 1.81 0.96
Potassium ' 427 | 362 3.36 1.06 2.87 0.58

Phosphorous uptake of wheat grain was significantly higher for Fe soaking
treatment. than the other three treatments and control. Similar findings were
obtained by Ibrahim & Shalaby (1994). They found that seed soaking in Fe, Zn
and Cu significantly increased N and P in wheat (straw and grain) and grain,
respectively. Moreover, insignificant differences for P uptake among the
treatments of Mn, Zn, Cu and contro! were obtained.
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About potassium uptake of wheat grains, there were promotive and
significant increases for Fe and Mn scaking treatments than control. The
significant average increase of potassium uptake by grains with soaking in Fe
and Mn solution were 1.40 and 0.75 kg/fed., respectively, compared with the
control {Table 6) . In addition, K uptake of wheat grain was significantly higher
for Fe soaking treatment than the other three treatments, but the difference
between Mn and Zn was insignificant as between Zn and Cu treatments.

Micronutrients uptake by wheat grain

Table 7 cleared that Fe, Mn and Zn uptake of wheat grains gave significant
increases for major soaking treatments than control. This was in agreement with
Marcar and Graham (1986) found that soaking wheat seed in MnSO, greatly
increased the grains Mn content. Although Mn treatment had maximum valee of
grains uptake of Fe, the difference between Fe and Mn treatments was
insignificant. On the other hand, the differences among Fe, Zn and Cu treatments
were insignificant. Data also showed a highly significant effect for the soaking in
Fe or Mnor Zn solutions in augmenting its iron uptake by grain compared with
control, the significant increase of Fe-uptake was 56.93, 95.42, 42 31 g/fed. for
Fe, Mn and Zn solutions ,respectively. But, seed soaking in copper solution and
control were statistically similar in Fe, showed the most effective in augmenting
ihe Fe-uptake. where the lowest values were observed with soaking in Zn, Cu
and control.

TABLE 7. Effect of soaking treatments on micronutrients Fe, Mn, Zn and Cn uptake
by wheat grains in g/ffed.

Micronutrient Treatment: L.S.D.
Fe Mn Zn Cu Control | {at 0.05)
iron 110.63 149.12 96.01 90.69 53.70 39.17
Manganese 30.79 28.08 2665 | 2499 | 19.09 4.92
Zinc 78.61 62.88 7207 . 64.80 3881 26.29
Copper 14.43 13.13 8.49 9.51 8.65 n.s.

Manganese uptake values by wheat grain were insignificant among the three "
treatments of Fe, Mn and Zn and also the same result between Zn and Cu treatments.
The significant average increase of Mn-uptake with soaking in Fe, Mn, Zn and Cu
solution was 11.70, 8.99, 7.56 and 3.90 g/fed., respectively, over control. Although
the highest Zn uptake value was for Fe treatment, but Mn, Cu and control treatments
were similar. The significant average increase of Zn uptake with soaking in Fe and
Zn solution was 39.8 and 33.26 g/fed. respectively, over control, similar results were
reported by Ibrahim & Shalaby(1994). ANOVA of Cu uptake showed msng,mﬁcant
effect betwecen all treatments and conrrol

Soaking treatment as a source of micronutrients

Table 8 contained sowing grains soaking uptake of micronutrients g/fed due to
soaking treatments, without soaking (initial) and the increase percent of values than
inittial. Al calculation values in this table considered sowing grains was 40 kg/fed.
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TABLE 8. Sowing grains soaking* ui)take of micronutrients gifed' due to soakmg
treatments, without soakmg (initial) and the increase percent of values
than initial.

Fe  |Mn {Zn | Cu

Sowing grains 'uptake of ‘micronutrients g/fed 11747 { 102.37 | 152.09 | 18113
(After soaking). : : :

Sowing grains uptake of micronutrients g/fed. 53.i3 11.55 : 27.19 6.32
{Without soaking).

Increase of micronutrients uptake of sowing | 64.04 | 90.82 | 12490 | 174,81
grains soaking g/fed. due to soaking. .

Increase % of micronutrients uptake of sowing | 20.53 | 686.32 | 359.36 1266598
grains soaking g/fed. due to soakin ing. o

* Sowing grams was 40 kg,/fed

As shown in Table 8, the sowing grains soaking uptake of micronutrients
g/fed., due to soaking was 117.17, 102.37, 152.09 and 181.13 for Fe uptake’
under Fe treatment, Mn uptake urider Mn treatment, Zn uptake under Zn
treatment- and Cu uptake under Cu treatment, respectively. The ‘values showed
descending order as follows: '

i Cu>Zn>Fe>Mn

On the other hand, sowing grains uptake values of micronutrients g/fed.,
without soaking ( initial) was 53.13, £1.55, 27.19 and 6.32 for Fe, Mn, Zn and
Cu, respectively. The order of the micronutrients initial uptake was as follows:

Fe>Zn>Mn>Cu '

-h,w:a‘xs clear also that the increase pcrcént values of micronutrients uptake of
sowing grains g/fed. due to soaking was 20.53, 686.32, 359.36 and 3675.98% for
Fe uptake under Fe treatment, Mn uptake under Mn treatment, Zn uptake under
Zn treatment and Cu uptake under Cu treatment respectively, i.e. An example for
Mn, increase % value= ((102.37 ~ 11.55)/11.55) X 100 = 686.32%.

The order of the increase percent values was as follows:

Cu>Mn>Zn>Fe

It was clear from Table 8 and the data of micro nutrients content of straw and
grains, (Tables 5 & 7) that, except iron and manganese nutrients, the soaking of
wheat grains in mineral micronutrients soluttons, catch enough quanmy of zinc
and copper for all growth requirements, i.e., example of Zn:

* Total straw content of Zn was 71.03 g/fed. Table 5, and total grain content of

Zn was 72.07 g/fed(Table 7) .

* Total plants content of Zn = 71,03 + 72.07 = 143, 10 g/fcd
* Sowing grains soaking content of Zn g/fed. after soaking was152.09g/fed.
(Table 8).
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About Mn, there was no big difference between values of (straw+grain)
content g/fed. and sowing grains soaking content of Mn g/fed. afier soaking, the
values were 113.20 and 102.37 for (straw + grain) content g/fed..and sowing
grains soaking content of Mn g/fed. after soaking, respectively.

The soil provides the plant with its requirements of available iron in addition
to the seaking grains content of Fe. This behavior was due to the high plant needs
of Fe as shown from Fe plant content data compared with another three
micronutrients. '

This data were in agreement with Korost ef al. (1986,b) found that Mn was
absorbed from the solution containing Cu, Mn, Zn and B for 4-24 hr, with a 160 %%
increase in seed Mn concentration after soaking.

Conclusion
From the mentioned results and discussion it could be concluded that:

* All soaking treatments increased wheat straw and grain yiclds signiticantly
with exception of Cu treatment in case of grain yield.

* Uptake of N, K, Fe, Mn, Zn and Cu by straw were of positive significant
responses to soaking treatments as well as the uptake of N, P, K, Fe, Mn and
Zn by grains

* Available micronutrients in soil and caught quantities of micronutrients afier
grain soaking in mineral micronutrients solutions, supplied the plant with its
needs of micronutrients for growth.

* Generally, it could be recommended with soaking technique for wheat wiich
under this condition is reliable because of its low cost and simplicity.
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