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ABSTRACT: A felid experiment was carried out in three
replicates during summer season of 2009 to evaluate effect of the
foliar application of zine resources (Zn EDTA, ZnSQO, and ZnCl,)
on plant growth and some nutrients uptake by pea plant. The
application rates of zinc sources were 5, 10 and 15 mg/T" zinc with
two sprays at vegetative stage (30 days after sowing) and at pod

" development period (50 days after sowing).

Results showed that, the dry matter yield (straw and seeds
g/plant), N, P, K, Fe and Zn content and uptake by pea plant shoots
were significantly increased due to application of zinc sources at all
treatments; the highest values of the previous parameter were
recorded with Zn EDTA followed ZnCl, and finally ZnSQO,. Values
of Mn, Cu and B content and uptake by shoots were significantly
increased with increasing application rates of Zn EDTA followed
ZnCl; but decreased with ZnSO, treatments compared with the
untreated control. Generally, the best values of all previous
parameters were recorded with Zn EDTA treatments followed,
mostly by ZnCl, then, ZnSQ, treatments. '

INTRODUCTION

Zinc 1s involved in wide varieties of metabolic processes, including
carbohydrate, lipid, protein and nucleic acid synthesis and degradation. It
does this through a large mosaic of zinc binding metifs that orchestrate ail
aspects of metabolism; three primary zinc-binding motifs are structural,
catalytic and co-catalytic. In structural Zn sites, cysteine is the preferred
ligand. In catalytic sites, Zn forms complexes with histidine and water.
Co-catalytic sites have aspartic acid and histidine as preferred ligands.
The fourth type of Zn-binding site (protein interface) suggests a role of
Zn in the quaternary protein structure. (Auld . 2001 ). Also, Fox and
Guerimot (1998) stated that, zinc plays an important role in many
biochemical functions within plants. Zinc is an essential component of
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over 300 enzymes. In most of these enzymes, zinc makes up an zinc plays
an important role in many biochemical functions within plants. Zinc is an
essentral component of over 300 enzymes. In most of these enzymes, zinc
makes up an integral component of the enzyme structure. The role of zinc
in DNA and RNA metabolism, in cell division, and protein synthesis has
been documented for many years. Zinc is very closely involved in the
nitrogen metabolism of plants. In plants with zinc deficiencies, protein
synthesis and protein levels are drastically reduced whereas amino acids
accumulate, The accumulation of amino acids occurs because zinc plays
an important role in helping different combinations of amino acids link
together to form enzymes and proteins.

Zinc plays a key role in pollination and seed set processes; so that
their deficiency can cause decrease in seed formation and subsequent
yield reduction. In this concern, Ziacyan and Rajaie(2009)stated that the
formation of male and female reproductive organs and pollination process
are disturbed in Zn deficiency which may be attributed to the reduction of
Indol acetic acid (IAA) synthesis., AbdEI-Hady(2007)stated that, the zinc
is one of the essential micronutrients for the normal healthy growth and
reproduction of crop plants. It is requnred in relatlvely small concentration
in the plant tissues (5-100mg kg ™).

Akhtar et el(2009)found that the three mg/l" zinc chloride solution
for foliar treatment on Mentha piperita plant was most effective for
vegetative growth as well as quantitative yield of its essential oil.

Gobaraf et al (2006) reported that, the foliar spraying of zinc
significantly affected on chemical constituents inciuding protein content,
NPK%, as well as oil % ; they added that increasing zinc concentration
from 0.5 to 1.0 g/l significantly increased the characteristics chemical
constituents. Khan et al (2009) studied the residual, direct and cumulative
effect of zinc application on wheat and rice yield under rice-wheat
system; they concluded that, the application of zinc increased the yields
of both the crops significantly over control. However, direct application
of zinc was found to be significantly better than other fertilizer treatments
in case of wheat. While for rice crop the cumulative effect of zinc
application was found to be significantly better than the other treatments
compared with the control.

Zinc has high phloem mobility from leaves to roots, stems,
developing grain, and from one root to another (Rengel, 2001). He added
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that, the zinc efficiency is the ability of plants to maintain high yield in
soils with low zinc availability. A number of mechanisms may underlie
zinc efficiency depending on experimental conditions and the pla-*
species, the most important mechanisms may be zinc utilization in tissues
(Hacisalihoglu and Kochian, 2003) and zinc uptake (Gene et al, 2006)
under zinc deficiency. Also, zinc deficiency occurs gener "= in
agricultural soils of the world. According to FAO report of ti.
countries, more than 30 percent of these countries agricultural soils
encounter zinc deficiency; most of this amount is unavailable for plants.
High CaCOs, high pH, low organic matter and moisture of soil and high
bicarbonate of irrigation water have most effects on zinc absorbability,
(Kalantari and Kazmeinkah, 2004). Also, { liar anplicatione of 7n have
been met with mixed success and it is generai._ priwd )

only be used as temporary and emergency treatments. McNall (196/) s
done extensive research on foliar treatments of Zn. He found that foliar
uptake of nutrients does occur but is no substitute for root uptake.

The objective of this investigation is to evaluate the effect of some
resources of zinc on plant growth and some nutrients content and uptake
by pea plant.

MATERIAL AND METHODS

A field experiment was carried out using a randomized complete
block design with three replicates to evaluate the ct of some resources
of zinc (Zn EDTA, ZnSO4 and ZnCl,) on plant growth and some nutrients
content and uptake.

The experiment was conducted during summer season of 2009(at the
Experimental Farm of Al-Azhar University- Nasr City- Cairo
Governorate) on plots of 10.5 m long consisting of five rows (3.5 m
length and 60 cm apart).The soil sample (0-30 depth) was re: - '

... .analyzed .according to Chapman and Pratt(1951). T TS

presented in tables (1 and 2). Pea plant (Pisum ") variety Cram 7
were sown in the first week of May and fertilized accorcing to the general
recommendation by Ministry of Agriculture; and zinc EDTA

to soil equivalent 3 kg/f. for all treatments and control. Theu, zinc a 1har
spraying with (5, 10 and 15 mg zinc 'Y as Zn EDTA, ZnSOs and ZnCls:
and two foliar spraying for all treatments; at vegetative stage (30 daxs
after sowing) and at pod developme. .  eriod (50 dar - ~"ter sowing) at

rate of 400 I/f.
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Table (1) Some physical and chemical properties of the investigated soil

sample.
PParticle size distribution| Soluble ions in 1:2.5 soil water extract pH |OM | EC CaCO,
Yo meq /100g). : % | dS | %
Fﬂd Silt [Clay[TexturelCa” Mg K' [Na"[CO; HCO; | CI [SO,~ m'!
72.31119.767.93|S loam(2.84/1.98 0.953.92( = | 0.22 5.6@79 7.610.33)0.21) 2.06

Table (2) some nutrients content in the investigated soil sample.

Macro-nutrients Micro-nutrients :l
Total(meq/100g) Total (mg/kg) Available(mg/kg
N P K Fe Mn Zn Cu Fe Mn Zn Cu
3.21 022 | 11.76 | 2527 | 796 | 1083 102 2.81 1.12 | 1.09 | 0.80

At end of the experiment the plants were harvested, washed with
distilled water, dried at 70°% and ground, then representative portions
were wet digested using a mixture of HC104 and H,SO4 at a rate of 1:1 to
determine NPK and micronutrients; total N was determined by micro-
Kjeldahl technique; total P was determined by ascorbic acid method; total
K was determined using flame photometer; according to Page et al
(1982). The micronutrients (Fe, Mn, Zn, Cu and B) were determined by
Inductively Coupled Plasma Spectrometer (ICP) plasma 400. Also the
obtained data were statistically analysis according to the methods of
Sendecor and Cochran (1980)

~ RESULTS AND DISCUSSION
A-Dry matter yield (straw and seeds).

Data presented in Table (3) show that the dry matter vields of straw
and seeds were significantly affected by foliar application of zinc at all
treatments; and the highest values of dry matter yield were recorded with
zinc EDTA compared with the other treatments. Data revealed that the
values of straw yield were 18.50 g/plant for the control and increased to
23.27,20.68 and 19.87 g/plant obtained with 10 mg/l'l zinc EDTA and
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Table (3) Effect of foliar application of zinc resources on dry matter yield
and values of macronutrients content (%) and uptake {mg/plant).

[ Treatments Dry matter vield Nitrogen Phosphorus Potassium
g/plant
Straw | Seeds |Content| Uptake [Content] Uptake [Content Uptake
Control 18.50 | 55.20 | 381 | 704 0.41 | .75.85 3.63 671
Zn EDTA
S mg/1’ 20.11 {1 60.12 | 423 850 042 8446 | 3.8l 766

10mg/1T 12527 [66.71 | 4.78 1112 0.39 90.75 3.80 884
15mg/l" {2291 | 65.92 | 4.53 1037 0.40 91.64 | 391 893
Mean 22,08 | 64.25 | 451 599 0.40 88.95 3.84 847

ZHSO4 _
5 mg/l” 1721 | 5936 | 395 679 042 72.28 3.71 638
10mg/" | 19.03 | 58.18 | 4.11 782 0.40 76.12 3.81 725
15 mg/l" 19.87 1 61.74 | 4.05 804 0.41 81.46 3.86 766
Mean 1870 | 59.76 | 4.03 755 0.41] 76.62 3.79 709
ch]2
5 mg/i-] 18.15 | 58.52 | 396 718 0.39 70.78 3.80 689

10 mg/1” 1934 | 61.22 | 3.84 742 0.41 7929 | 372 719
15 mg/l" 2068 | 62.18 | 392 810 0.40 82.72 | 3.79 783
Mean 19.39 | 60.64 | 3.90 756 0.40 77.59 3.77 730
LSD at 3%
* 0.008 | 0.008 | 0.608 | 42.35 NS 0.0008 | 0.008 | 0.843
** 0.009 | 0.009 | 0.009 | 48.90 NS 0.009 | 0.009 0.97
*E* 0.017 | 0.0l6 | 0.017 | 8469 | 0.016 | 0.017 | 0.017 1.68
*  For zinc¢ sources.
**  For zinc concentration.
*** For interaction between zinc sources and concentration,
NS non significant '

15 mg/l"" zine chloride and zinc sulfate, respectively. On the other hand,
the lowest values of dry matter of straw yield were 20.11, 17.21 and 18.15
g/plant obtained with 5 mg/I"! zinc EDTA, zinc chloride and zinc sulfate,
respectively. Values which were obtained due to the other treatments for
the same parameter were found to be in between. Also, data in Table (3)
revealed that the mentioned trend of straw yield was observed for seeds
yield. In this concern, some investigators reported that the foliar spraying
with zinc could correct zinc deficiency, improve growth, yield, seed
quantity and quality of plants. Darwish et al. (2002) found that the
application of (48 kg) KyO /f. combined with spraying 1000ppm zinc
sulfate gave the highest seed and oil yields per fadden and protein
percentage of groundnut plant. Also, foliar spraying with zinc encouraged
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the vegetative growth and increased the plant capacity for building
metabolites. Such response may be due to that zinc is known to as an
activator of several enzymes in plants and is directly involved in the
. biosynthesis of growth substances such as auxin which produces more
plant cells and more dry matter. Similar results were obtained by Tomar
et al. (1990); Malewar et al. (1993); Tripathy et al. (1999) and Shankar et
al.(2004). On the ather hand, Amrani et al. (1999); Gangloff et al. (2002);
Mortvedt. (1992); Slaton et al. (2005) and Westfall et al. (2005) found
that, the key to successful zinc fertility is water solubility. The water
solubility of the zinc source will determine how effective it will be in
meeting plant needs; water solubility allows Zn to move short distances in
the soil and to be absorbed by the plant. It has been shown that Zn EDTA
is the most effective source of Zn on the market. When Zn EDTA was
used as a reference material on a plant uptake basis by Gangloff et a/
(2002), ZnSOy had a relative availability coefficient of 23%, followed by
Zn hgnosulfonate at 22%. Therefore there is a significant dlfference
between zinc EDTA and all other sources.

B- Macronutrients content and uptake by pea plant.

The data presented in Table (3) show that the values of N and K
content and uptake significantly affected by foliar application of zinc
sources for all treatments. Only, P content was not affected significantly
due to these treatments. The highest values of NPK content and uptake
were recorded with zinc EDTA more than ZnSQ4 and ZnCly, respectively.
Also the values of NPK content and uptake were increased due to
increasing concentration from 5 to 15 mg/l” for all sources of zinc. The
values of nitrogen content and uptake were 3.81 and 704 at the (untreated)
control, and increased to 4.78 and 1112 with 10 mg/I"' zinc EDTA while
these values for phosphorous content were 0.41 with 5 mg/l”* zinc EDTA
and ZnSO,; and were 91.64 for phosphorous uptake at 15 mg/l" zinc
EDTA. Also, the highest values of potassium content and uptake obtained
with 15 mg/l"' zinc EDTA compared with the other treatments and the
(untreated) control. While the lowest values were 3.84% and 718
mg/plant for N content and uptake with 10 and 5 mg/l” concentration of
ZnCl; treatments; for phosphoms content and uptake were 0.39% and
70.78 mg/ plant with 5 mg/l"" concentration of ZnCl,, and finally were
3.71% and 638 mg/plant for potassium content and uptake with 5 mg/1” ]
ZnSQO;, respectively compared with the (untreated) control. Also, the
values which obtained from the other treatments were found to be in
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between, Darwish et al (2002) stated that the foliar spraying of zinc
increased chemical constituents including protein content NPK % as well
as oil %; also, Abd El-Hady (2007) found that the NPK concentration and
uptake mg/plant by barley plants increased with increasing zinc
application from 0 to 30 ppm. While, Darwish (2003)stated that the
application of zinc sulfate at a rate of 20 kg f, showed significant increase
in values of ear weight, ear grains weight, number of grains/row, ear yield
tor/f. as well as phosphorus and potassium concentration and its uptake of
maize plant.

C- Micronutrients content and uptake by pea plant.

Table (4) show that values of the micronutrients content and uptake
were increased due to foliar application of zinc sources and increasing
concentration of treatments; the highest values of these nutrients were
recorded with zine EDTA then, ZnCh and ZnSQy, respectively.

Table (4) Effect of foliar application of zinc resource on micronutrients
content (mg/kg']) and uptake (pg/plant).

reatments Fe Zn Mn Cu B
- ContenfUptakelContenUptakelContentjUptakelContenfUptake|ContenfUptake
Control | 410 [ 7585|4275 790 123.81 | 440 123.45| 434 111.33 | 209
Zn EDTA
smg/l’ | 639 [12850! 64.16 [ 1290 [ 25.00 | 502 [21.02 [ 422 [11.01 [ 221
Tomg/TT] 598 [13915]65.73 [ 1529 [24.11 | 561 12081 ] 484 |[11.98 | 278
15mg/d’ | 581 [13310]62.10 1422 :23.72 | 543 [22.61 | 517 [ 12.10| 277
Mean 606 [13358) 63.99 | 1413 [ 24.27 | 535 {2148 474 [ 11.69 | 238
ZHSO4
sme/d’ | 451 [ 7761 [ 4591 [ 790 {12000 | 344 [ 17.16 | 295 [ 1041 | 179
lomg/!I’ | 480 [ 913414621 | 879 [ 2027 385 [20.711 394 [ 1062 | 202
15mg/l' | 475 19438 147.70 ] 892 [ 2281 | 453 [21.32 [ 423 [11.71 | 232
Mean 468 18777 146,601 853 121.02 | 394 | 19.73) 370 ;1091 | 204
ZnCl,
smg/l’ | 457 18294 50.75] 921 | 24.41 | 443 | 2033 | 368 | 11.16 | 202
10mg/1" | 487 (9418 [ 51.11 [ 988 | 24.23 | 468 [22.16 | 428 |12.30 | 237
}Lﬁmg/r] 465 196161 53.71 1 1110 )22.71 1 469 | 21.13| 436 | 12.51 | 258
Mean 469 19109 [ 51.85 (1006 )23.78 | 460 | 21.20| 410 | 11.99| 232
LSD at 5%

+  10.843]0.819]0.008 [0.843 | 0.128 | 0.842 | 0.008 | 0.84 | 0.008 | 0.843
¥ 0.973 109461 0.009 ] 0.96 | 0.15 | 0.97 | 0.009 ] 0.97 | 0.009 | 0.97
X 1985 11.638{ 0016 1.68 | 026 | 1.69 | 0.017 ] 1.96 |0.017 | 1.68

*  For zinc sources.

**  For zinc concentration. _

*¥* For interaction between zinc sources and concentration.
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The values of Fe content and uptake were 410 mg/kg™ and 7585
pg/plant at the untreated control and a significant increased to 639 mg/kg
'and 13915ug/plant obtained with zinc EDTA at 5 and 10 mg/!l!
respectively. Fayed and El-Moatasem (1995) stated that the Zn
application increased Fe uptake compared with the untreated control and
they added that, these increases were mainly attributed to the effect of
zinc application on dry matter yield; also the zinc chelated forms
increased Fe uptake in straw and grain more than mineral forms.

Conceming the zinc content and uptake data in this table revealed
that the mentioned trend of Fe was observed for Zn. In this concern,
Hergert et al (1984) studied that the field evaluations of zinc sources (Zn
EDTA, Zn-NH; complex, ZnQO, ZnSQ4 and Zn (NOs),) and they found
that the uptake of zinc from zinc EDTA was superior to all other sources
at calcareous soils.

Regarding the effect of zinc sources on Mn content and uptake, data
in the same table reveal that the highest values were recorded with Zn
EDTA followed by ZnCl, treatments then the (untreated) control; while
the lowest values were obtained with the ZnSQ, treatments at all rates of
applied ZnS0;.

On the other hand, the highest value of Cu content was recorded at
the untreated control and decreased with application of zinc sources at all
application rates. While, the values of Cu uptake was 434 pg/plant
obtained at the (untreated) control and increased to 517 and 436 pg/plant
with 15 mg/l"' of Zn ETDA and ZnCl, concentrations, respectively. While
the lowest values of Cu uptake were obtained with the zinc sulfate
treatments at all concentrations compared with the (untreated) control.
Finally the data in the same table revealed that the mentioned trend of Fe
content and uptake was observed for boron content and uptake. Similar
results were obtained by Rajaie et al (2009) found that the application of
ZnSQ, decreased the concentration of Mn and Cu in plant shoots of
lemon plant; they added that, since there was no significant decrease in
plant uptake of Mn and Cu with Zn addition, reduction in the shoot
concentration of these nutrients may be due to dilution effect or
antagonistic relationship between Zn and other micronutrients. Loneragan
and Webb (1993) reported that antagonistic relationship between Zn and
other cationic micronutrients (Mn and Cu) appears as a result of
competition at the absorption sites of plant root.
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Thus, it can be concluded that foliar application of some zinc
sources to pea plant, significant by improved plant growth and increased
dry matter yield as well as values of N, P, K, Fe and Zn content and
uptake. The best achieved values were due to Zn EDTA treatments
tollowed, mostly, by ZnCl; then, ZnSOyj treatments.
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