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ABSTRACT

This experiment was carried out using by a split plot design with four replications to determination of Zn-
foliar application influence on quality and quantity features in Phaseolous vulgaris under different levels of
N and K fertilizers at Iran in 2010. The factors were included nitrogenous fertilizer (250 kg urea/ha, 300 kg
urea/ha and 350 kg urea/ha) in main plots and subplots were included potassium fertilizer and Zn-foliar
application (120 kg K/ha, 6/1000 Zn-foliar application and 120 kg K/ha whit 6/1000 Zn-foliar application
together) that sprayed by the results of soil analysis. Our data showed that N, K and Zn-foliar application
significantly affected Zn in pod, nitrate in pod, carbohydrate percentage, carbohydrate yield, protein percentage,
protein yield, chlorophyll of leaf, radiation use efficiency, extinction coefficient, number of plant in m2, number
of cutting in plant, number of pod in plant, number of pod in m2, number of seed in pod, 100 seed weight,
fresh pod yield, seed yield, biological yield, HI and plant height. The results of this experiment showed that
the Zn-foliar application increased all features in bean and also, reduced N fertilizer rate without reduction in
more plant characteristics. The results can be used in agronomy and increase the quantitative and qualitative
features for achieve to the sustainable agriculture.           
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Introduction

Foliar fertilization is an effective practice for the
application of some micronutrients, since it uses low
rates and the micronutrient does not directly contact
the soil, avoiding losses through fixation [34].
However, the narrow limit between phytotoxicity and
deficiency brings the need for defining appropriate
rates to be used. Zinc (Zn) is an essential nutrient
required in some fertilizer programs for crop
production in Minnesota. While some soils are
capable of supplying adequate amounts for crop
production, addition of zinc fertilizers is needed for
others. In Minnesota, Zn may be needed in fertilizer

programs for production of corn, sweet corn, and
edible beans. Several research projects have focused
on the use of this nutrient, and much of the
following information is based on the results of that
research. The specific role of Zn in growth and
development of plants is not known. This nutrient is
an important component of various enzymes that are
responsible for driving many metabolic reactions in
all crops. Growth and development would stop if
specific enzymes were not present in plant tissue.
Zinc, however, is needed in very small amounts.
Plant uptake of this nutrient is calculated in terms of
ounces per acre instead of pounds per acre.
Therefore, Zn is classified as a micronutrient. Several
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sources can supply Zn when needed. Zinc sulfate is
usually used to supply the needed amount of Zn
when dry fertilizer materials are used. This material
can be either broadcast and incorporated before
planting, or used in a starter fertilizer. It blends well
with other dry fertilizer materials. Approximately 3
lb. of the zinc sulfate material will supply 1 lb. Zn
per acre. A zinc-ammonia complex (10% Zn) can be
used to supply Zn when fluid fertilizers are used.
This material mixes easily with other fluid fertilizers.
Zinc oxide can correct a Zn deficiency but is slowly
soluble and not effective in a granular form. To
effectively correct a Zn deficiency, zinc oxide must
be finely ground. Spreading any finely ground
material is a problem in Minnesota because of the
wind. So use of finely ground zinc oxide is limited
to situations where suspension fertilizers are used.
Foliar applications of Zn have not been consistently
effective in correcting deficiencies of this nutrient.
This method of application should be used on a trial
basis only. For foliar applications, powdered zinc
sulfate can be dissolved in water and applied to the
leaf tissue. The amount dissolved should supply 0.5
to 1.0 lb. Zn per acre when a rate of 20 gallons of
water per acre is used. A zinc chelate can also be
mixed with water. The amount of chelate mixed with
water should supply 0.15 lb. Zn per acre when water
is sprayed at a rate of 20 gallons per acre. Kaya and
Higgs (2002) evaluated the response of tomato
(Lycopersicon esculentum L.) cultivars to foliar
application of zinc when grown in sand culture at
low zinc. Foliar treatments entailed applying zinc as
either 0, 0.35 or 3.5 mmol l!1 ZnSO4·7H2O to the
tops of plants grown at low zinc (0.15 μmol l!1) in
nutrient solution twice a week during the course of
the experiment. Plants treated with 0.15 μmol l!1 Zn
in the nutrient solution and high levels of zinc
(3.5 mmol l!1) applied as a foliar spray showed a
significant decrease in the production of dry matter,
chlorophyll and green fruit yield as compared with
those grown both at 7.70 μmol l!1 zinc in the
nutrient solution and at 0.15 μmol l!1 zinc in nutrient
solution with 3.5 mmol l!1 zinc applied as a foliar
spray. There were differences between the cultivars
but no consistent link between these differences and
nutrient concentrations within the plant.
Concentrations of K, Mg and Zn were lower in the
leaves and fruit of both the cultivars in 0.15 μmol l!1

zinc in the nutrient solution treatment as compared
with both the 7.70 μmol l!1 in the nutrient solution
treatment and with supplementary foliar applications
of zinc at 0.35 mmol l!1. Potassium and Mg were
also lower in the leaves and fruit of both the
cultivars receiving foliar applications of zinc at
3.5 mmol l!1.The concentrations of Fe and P were
significantly higher in the leaves of plants grown in
low (0.15 μmol l!1) root zone zinc treatment and P
was also higher in both the leaves and fruit of plants

receiving foliar applications of zinc at 3.5 mmol l!1.
In the roots, concentrations of Zn, Fe, P and K
increased with increasing zinc concentration in the
nutrient solution and also as a foliar spray. Mg was
lower in the roots of plants in the 7.70 μmol l!1 zinc
in the nutrient solution as compared with all other
zinc treatments. These results clearly indicate that
foliar application of zinc can overcome the negative
effects of zinc deficiency on plant growth when it is
applied at optimal range. The occurrence of
micronutrient deficiencies, mainly of manganese (Mn)
and zinc (Zn) in "cerrado" soils, has been increasing
in several crops, including bean. Such a problem is
caused by high rates of liming material applied
entirely on the soil surface. In this study, the effects
of the leaf application of Mn and Zn rates were
evaluated. Three experiments were carried out: two
in greenhouse and one under field conditions. The
greenhouse experiments were set up using a
randomized block design and a 5 x 5 factorial, with
three replicates, consisting of five rates of Mn (0, 75,
150, 300, and 600 g ha-1) and five rates of Zn (0, 50,
100, 200, and 400 g ha-1) applied via leaves at the
25th day, or both alternatively parceled at 25 and 35
days after emergency (DAE), respectively, for the
first and second experiments. In the field experiment,
a randomized block design was used with four
replicates, and the same treatments as those used in
the greenhouse. Leaf applications performed at 25
and 35 DAE were efficient in correcting the
symptoms of the Mn and Zn deficiencies. The
combined application of Mn and Zn caused an
increase in plant height, primary yield components as
number of grains per pod, number of pods per plant,
and productivity itself. The maximum technical
efficiency was obtained with 315 g ha-1 Mn and 280
g ha-1 Zn for a bean productivity of 2.275 kg ha-1,
corresponding to 60% above control [31]. Field trials
in study of Gabal et al. [10] were carried out in clay
loam soil with pH 7.5 at the Experimental Farm of
the Faculty of Agriculture, Moshtohor. The soil
contained 3.30, 0.10 and 0.25 ppm of Cu, Mn and
Zn, respectively. Seeds of Phaseolus vulgaris cv.
Giza-3 were sown on the 8th of April and the 7th of
March of both 1981 and 1982 summer seasons
respectively. Plants were supplied 3 times with Cu,
Mn or Zn sulphates as foliar spray at the 2nd, 4th
and the 6th true leaf stage. This experiment included
10 treatments: 10, 20, 40 ppm Cu; 25, 50, 100 ppm
Mn; 25, 50, 100 ppm Zn; and the control treatment
which was sprayed with distilled water only. All
treatments were fertilized with 33 kg N, 48 kg P2O5

and 36 kg2K O per feddan. A complete randomized
block design with 4 replications was adopted. Results
showed that Cu, Mn or Zn foliar application had no
promising effect on vegetative growth in terms of
plant height, internode length, number of leaves,
fresh and dry weight per plant at full blooming stage. 
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All treatments enhanced flowering date 3–7 days
compared with the control. Spraying plants with 40
ppm Cu, 25 ppm Mn or 25–50 ppm Zn considerably
increased number of flowers per plant; whereas fruit
setting percentage was significantly increased by
using 10–20 ppm Cu or 25 ppm Zn compared with
other treeatments. Micronutrient application led to a
slight increase in the number of seeds per pod and
netting percentage. The treatments which produced
higher number of pods per plant showed the least
number of seeds per pod. Application of 100 ppm
Mn increased weight of 100 seeds than the control;
however, other treatments decreased it. Application
of 20 ppm Cu, 100 ppm Mn and 50–100 ppm Zn
significantly increased total dry seed yield which
reached a maximum of 31–38% over the control by
using 100 ppm Mn as foliar spray. This increase
could be mainly referred to an increase in seed index
and not to the number of pods per plant. NPK
uptake and total carbohydrate accumulation in dry
seeds showed similar response as did the total dry
seed yield. Therefore, the objective of this study was
to evaluate the Zn-foliar application influence on
quality and quantity features in Phaseolous vulgaris
under different levels of N and K fertilizers at Iran
in 2010. 

Material and methods

This experiment was carried out using by a split
plot design with four replications to determination of
Zn-foliar application influence on quality and
quantity features in Phaseolous vulgaris under
different levels of N and K fertilizers at Iran in
2010. The factors were included nitrogenous fertilizer
(250 kg urea/ha, 300 kg urea/ha and 350 kg urea/ha)
in main plots and subplots were included potassium
fertilizer and Zn-foliar application (120 kg K/ha,
6/1000 Zn-foliar application and 120 kg K/ha whit
6/1000 Zn-foliar application together) that sprayed by
the results of soil analysis. This study was conducted
on experimental field of Islamic Azad University,
Varamin branch at Iran (35° 19' N, 51° 39' W; 915
m above sea level) in 2010, with sandy soil (Table
1), mean annual temperature (8 to 42) and rainfall in
the study area is distributed with an annual mean of
122 mm and soil consisted of 25% clay, 25% silt
and 50% sand. 

At the end of growth stage we collected 10
plants from each plot randomly for determination of
plant characteristics and data were subjected to
analysis of variance (ANOVA) using Statistical
Analysis System [SAS, 1988] and followed by
Duncan's multiple range tests. Terms were considered
significant at P < 0.05.

Results and Discussion 

Our data showed that N, K and Zn-foliar
application significantly affected Zn in pod, nitrate in

pod, carbohydrate percentage, carbohydrate yield,
protein percentage, protein yield, chlorophyll of leaf,
radiation use efficiency, extinction coefficient,
number of plant in m2, number of cutting in plant,
number of pod in plant, number of pod in m2,
number of seed in pod, 100 seed weight, fresh pod
yield, seed yield, biological yield, HI and plant
height. The results of this experiment showed that
the Zn-foliar application increased all features in
bean and also, reduced N fertilizer rate without
reduction in more plant characteristics (NOTE: The
results are in Tables 1 to 12 completely).

Zinc (Zn) is an essential component of thousands
of proteins in plants, although it is toxic in excess.
In this review, the dominant fluxes of Zn in the soil-
root-shoot continuum are described, including Zn
inputs to soils, the plant availability of soluble
Zn(2+) at the root surface, and plant uptake and
accumulation of Zn. Knowledge of these fluxes can
inform agronomic and genetic strategies to address
the widespread problem of Zn-limited crop growth.
Substantial within-species genetic variation in Zn
composition is being used to alleviate human dietary
Zn deficiencies through biofortification. Intriguingly,
a meta-analysis of data from an extensive literature
survey indicates that a small proportion of the
genetic variation in shoot Zn concentration can be
attributed to evolutionary processes whose effects
manifest above the family level. Remarkable insights
into the evolutionary potential of plants to respond to
elevated soil Zn have recently been made through
detailed anatomical, physiological, chemical, genetic
and molecular characterizations of the brassicaceous
Zn hyperaccumulators Thlaspi caerulescens and
Arabidopsis halleri. Plants can absorb a small amount
of nutrients from dilute solutions sprayed on to the
leaves. Since the amount of micronutrients needed by
plants is very small, these can be supplied as foliar
sprays, especially if nutrients are chelated for better
absorption. Plants can also absorb macronutrients
through the leaves, but it is not possible to supply
sufficient amounts this way; these must be taken up
by the roots. Foliar application of macronutrients can
help plants recover from temporary stress due to
moisture problems, pests or disease. Sprays
containing calcium can also be used to prevent
blossom end rot in tomatoes and other fruits, or tip
burn in lettuce and cabbage which often occurs
during dry periods. Foliar spraying is a popular
application method of treating brush up to 15 feet
tall. Foliar application of herbicides entails spraying
the leaves of target plants during the growing season
with a low concentration of herbicide in a water
carrier. The spray can be applied with a hand-
powered, backpack sprayer or larger, motorized
sprayers. Research shows that certain herbicides
applied to the foliage throughout the growing season
consistently provide effective control, while others
when applied early in the season, provide only
acceptable  control.   Foliar   treatments   are  least 
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Table 1: Analysis of variance.
Mean Squares

Number of Pod Number of Number of Number of Number of df S.O.V
seed in pod length pod in m2 pod in plant cutting in plant plant in m2
0.0068ns 14.221ns 3.2918* 0.01121ns 0.2ns 47.09ns 3 Block
0.0091ns 98.015* 5.4281* 0.03926* 1.049* 102.21ns 2 Factor A
0.0025 21.282 1.0864 0.00282 0.058 97.45 6 Error A
0.0352ns 120.024* 22.0281* 0.4008* 0.908ns 139.4ns 2 Factor B
0.4528** 339.23** 135.872** 1.4503** 11.405** 191.41ns 4 A*B
0.013 43.109 12.2214 0.01045 0.914 175.06 18 Error B
9.25% 9.94% 12.57% 21.21% 17.21% 11.45% Cv
*,** means significant in 0.01 and 0.05 level of probability respectively and ns: Non significant

Table 2: Means comparison of main treatments.
Number of Pod Number of Number of Number of Number of Treatments
seed in pod length (cm) pod in m2 pod in plant cutting in plant plant in m2
5a 16.3a 1500.8a 195.3a 15.7a 7.68a 250 N1 (Kg/ha)
4.6a 14.3ab 1309.3b 170.7ab 14.2a 7.68a 300 N2 (Kg/ha)
4.4a 13.6b 1187.4b 162b 10.2b 7.33a 350 N3 (Kg/ha)
3.8b 13.7b 1211.5b 165.4b 12.4a 7.33a K
5.33a 16.3a 1340.5ab 174.6ab 13.2a 7.68a Zn
4.9a 14.3ab 1445.6a 188a 14.4a 7.68a K+Zn
Means with the same letter in each column have not statistically significant difference

Table 3: Means comparison of Interaction.
Number of Pod Number of Number of Number of Number of Treatments
seed in pod length (cm) pod in m2 pod in plant cutting in plant plant in m2
4bc 15b 1264.9c 180.7b 14.8ab 7a N1*K
5.7a 18a 1557.6ab 194.7ab 15.2ab 8a N1*Zn
5.3ab 16ab 1680a 210.6a 17.1a 8a N1*(K+Zn)
3.8bc 14bc 1282.4c 160.3c 13.9b 8a N2*K
5.2ab 15b 1187.2cd 169.6bc 13.8b 7a N2*Zn
4.8ab 14bc 1458.4b 182.3b 14.9ab 8a N2*(K+Zn)
3.5c 12c 1087.1d 155.3c 8.6c 7a N3*K
5.1ab 16ab 1276.8c 159.6c 10.7c 8a N3*Zn
4.6b 13bc 1198.4cd 171.2bc 11.3bc 7a N3*(K+Zn)
Means with the same letter in each column have not statistically significant difference

Table 4: Analysis of variance.
Mean Squares

S.O.V df 100 seed weight Fresh pod yield Seed yield Biological yield HI
Block 3 256.807ns 3499.864* 145871.6ns 428754.6ns 1.08ns
Factor A 2 3408.309* 23452.845** 2480984.882** 2003872.333* 16.45*
Error A 6 847.26 1085.266 233842.851 547706.942 3.864
Factor b 2 5601.807* 11489.206* 2073484.253* 9206069.98* 33.282*
A*B 4 12408.333** 86029.146** 11432807.603** 23875462.807** 158.842**
Error B 18 1006.607 1459071 845872.98 1182287.631 10.45
Cv %13.27 %15.56 %17.71 %21.81 %12.45
*,**  means significant in 0.01 and 0.05 level of probability respectively and ns : Non significant

Table 5: Means comparison of main treatments.
Treatments 100 seed Fresh pod Seed yield Biological HI (%)

weight(gr) yield (kg/ha) (kg/ha) yield (kg/ha)
250 N1(Kg/ha) 40.1b 4016.8a 2552.1a 5664.7a 45.03a
300 N2(Kg/ha) 43.5a 3350.8b 1990.1b 4868.6b 40.7a
350 N3(Kg/ha) 41.6ab 2521.3c 1493.2c 4446.8b 33.3b
K 43.1a 2937.21b 1651.7b 4502.5b 36.1b
Zn 38.8b 3309.2a 2066.6ab 5019.9ab 40.8ab
K+Zn 43.3a 3642.5a 2317a 5457.5a 42.2a
Means with the same letter in each column have not statistically significant difference

Table 6: Means comparison of Interaction.
Treatments 100 seed Fresh pod Seed yield Biological HI (%)

weight(gr) yield (kg/ha) (kg/ha) yield (kg/ha)
N1*K 42.6b 3716.7bc 2252.7b 5140.6bc 43.8ab
N1*Zn 36.1c 4027.6ab 2584.4a 5568.4b 46.5a
N1*(K+Zn) 41.6bc 4306.2a 2817.2a 6285.2a 44.8ab
N2*K 43.1ab 2796.3d 1593.2cd 4238.6c 37.6bc
N2*Zn 41.3bc 3461.8c 2067.4bc 4991.7bc 41.4b
N2*(K+Zn) 46.2a 3794.2b 2309.6b 5375.6b 43ab
N3*K 43.7ab 2298.6e 1109.2e 4128.2c 26.9d
N3*Zn 38.9c 2438.3e 1546.1d 4499.6c 34.4c
N3*(K+Zn) 42.1bc 2827.11d 1824.2c 4711.6c 38.7b
Means with the same letter in each column have not statistically significant difference
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Table 7: Analysis of variance.
Mean Squares

S.O.V df Plant height Chlorophyll of leaf Radiation use efficiency Extinction coefficient
Block 3 825.86* 0.0008ns 0.00026ns 0.00001ns
Factor A 2 449.92ns 0.0092ns 0.00121ns 0.00031*
Error A 6 332.87 0.0041 0.00078 0.00002ns
Factor b 2 3070.18* 0.0122ns 0.00334ns 0.00303*
A*B 4 3842.2* 0.0687* 0.0245* 0.00048ns
Error B 18 555.45 0.0097 0.00103 0.00025
Cv %14.49 %10.87 %9.87 %12.07
*,**  means significant in 0.01 and 0.05 level of probability respectively and ns : Non significant

Table 8: Means comparison of main treatments.
Treatments Plant Chlorophyll of Radiation use Extinction 

height (cm) leaf efficiency (gr/mj/m2) coefficient
250 N1(Kg/ha) 46a 43a 1.9394a 0.55a
300 N2(Kg/ha) 49.7a 43.7a 1.9815a 0.5386b
350 N3(Kg/ha) 49a 44.6a 2.0906a 0.5365b
K 40b 43.1a 1.9418a 0.55a
Zn 51a 43.8a 1.9953a 0.5424ab
K+Zn 53.7a 44.3a 2.07a 0.5321b
Means with the same letter in each column have not statistically significant difference

Table 9: Means comparison of Interaction.
Treatments Plant Chlorophyll of Radiation use Extinction 

height (cm) leaf efficiency (gr/mj/m2) coefficient
N1*K 40b 42.2b 1.9269b 0.5501a
N1*Zn 46b 43.2b 1.9311b 0.5489a
N1*(K+Zn) 52ab 43.6ab 1.9468b 0.5368a
N2*K 42b 43.2b 1.9342b 0.5462a
N2*Zn 53ab 43.7ab 1.9582b 0.5396a
N2*(K+Zn) 54ab 44.1ab 2.0521ab 0.5301a
N3*K 38b 43.9ab 1.9642b 0.5411a
N3*Zn 54ab 44.6ab 2.0967ab 0.5389a
N3*(K+Zn) 55a 45.3a 2.2111a 0.5296a
Means with the same letter in each column have not statistically significant difference

Table 10: Analysis of variance.
Mean Squares

S.O.V df Protein Protein Carbohydrate Carbohydrate Nitrate in Zn in
percentage yield percentage yield pod pod

Block 3 0.0093ns 32842.6ns 11.021* 65.651ns 0.00007ns 0.00011ns
Factor A 2 0.7451* 332182.61* 14.481* 4487.251** 0.00281* 0.00019ns
Error A 6 0.0258 65621.22 2.803 194.429 0.00047 0.00011
Factor b 2 0.799ns 442870.28* 6.872ns 11006.623** 0.00321* 0.00282*
A*B 4 0.6302* 1452286.61** 21.286* 12809.459** 0.00993** 0.01214**
Error B 18 0.0706 88729.45 4.499 238.452 0.00098 0.00037
Cv %8.08 %12.79 %10.11 %13.9 %9.83 %11.11
*,**  means significant in 0.05 and 0.01 level of probability respectively and ns : Non significant

Table 11: Means comparison of main treatments.
Treatments Protein Protein Carbohydrate Carbohydrate Nitrate in Zn in

percentage yield percentage yield pod pod
250 N1(Kg/ha) 20.33b 519.4a 49a 1251.2a 93.5b 13.9a
300 N2(Kg/ha) 20.94a 417.6ab 48.47ab 965.6b 120.6b 12.5a
350 N3(Kg/ha) 21.58a 323b 47.9b 716c 159.6a 11.3a
K 20.6a 338.2b 48.07a 795.8c 143.1a 5.07b
Zn 20.89a 429.3ab 48.5a 1004.4b 126.3ab 15.83a
K+Zn 21.35a 492.6a 48.8a 1132.5a 104.3b 16.8a
Means with the same letter in each column have not statistically significant difference

Table 12: Means comparison of Interaction.
Treatments Protein Protein Carbohydrate Carbohydrate Nitrate in Zn in

percentage yield percentage yield pod pod
N1*K 20.06b 451.9b 48.6ab 1094.8b 104.3c 5.7c
N1*Zn 20.21b 522.7ab 49.1ab 1269.9ab 99.7cd 17.4ab
N1*(K+Zn) 20.71b 583.5a 49.3a 1388.9a 76.4d 18.6a
N2*K 20.57b 327.7cd 48b 764.8c 139.7bc 4.9c
N2*Zn 20.84b 430.8b 48.5ab 1002.7bc 121.3c 15.9ab
N2*(K+Zn) 21.4ab 494.3b 48.9ab 1129.4b 100.8cd 16.7ab
N3*K 21.18ab 234.9d 47.6b 528d 185.4a 4.6c
N3*Zn 21.62ab 334.3c 47.9b 740.6c 157.9b 14.2b
N3*(K+Zn) 21.93b 400bc 48.2b 879.3c 135.6bc 15.1b
Means with the same letter in each column have not statistically significant difference



844Adv. Environ. Biol., 5(5): 839-846, 2011

effective during periods of drought stress.  Because
the herbicide can take many months to travel from
the leaves to the roots, it is important to wait at least
a year before cutting the stems of woody vegetation
treated with foliar spray. Clear View guarantees to
make the most of a foliar application in your area by
taking water quality and local conditions into account
and ensuring crop protection is not compromised. We
employ techniques to prevent the spray from
contacting foliage of desirable plants. The element
was probably named by the alchemist Paracelsus
after the German word Zinke. German chemist
Andreas Sigismund Marggraf is normally given credit
for discovering pure metallic zinc in 1746. Work by
Luigi Galvani and Alessandro Volta uncovered the
electrochemical properties of zinc by 1800.
Corrosion-resistant zinc plating of steel (hot-dip
galvanizing) is the major application for zinc. Other
applications are in batteries and alloys, such as brass.
A variety of zinc compounds are commonly used,
such as zinc carbonate and zinc gluconate (as dietary
supplements), zinc chloride (in deodorants), zinc
pyrithione (anti-dandruff shampoos), zinc sulfide (in
luminescent paints), and zinc methyl or zinc diethyl
in the organic laboratory. Zinc is an essential mineral
of "exceptional biologic and public health
importance". Zinc deficiency affects about two billion
people in the developing world and is associated with
many diseases. In children it causes growth
retardation, delayed sexual maturation, infection
susceptibility, and diarrhea, contributing to the death
of about 800,000 children worldwide per year.
Enzymes with a zinc atom in the reactive center are
widespread in biochemistry, such as alcohol
dehydrogenase in humans. Consumption of excess
zinc can cause ataxia, lethargy and copper deficiency.
Elevated concentrations of Zn in beaver pond
sediments and in shoots and roots of Sparganium
androcladum growing near a 25-yr old galvanized
steel tower supporting a 230-kV electrical
transmission line illustrated the point source nature of
such towers to the aquatic environment.
Concentrations of Zn in plants and sediments in the
pond decreased exponentially with distance
downstream from the tower and declined to
background levels within a distance of 15 to 30 m
from the tower. Snow and ice beneath this tower and
another one, located in a terrestrial environment, also
were contaminated with Zn. The distribution of Cd
and Cu in the beaver pond sediments did not indicate
a point source for these metals. Towers of the type
investigated in this study can be coated with 23 to
133 kg of Zn, depending on their configuration.
Substantially larger towers are used to support 500-
kV transmission lines, suggesting that effects of Zn
lost by corrosion from galvanized towers on biota in
poorly buffered aquatic habitats may need further
investigation. Then, if necessary, recommendations

can be developed concerning the placement of
galvanized steel towers near to or in susceptible
aquatic habitats. Zinc is one of the essential
micronutrients required for optimum crop growth.
Plants take up zinc in its divalent form. At this time
it still remains unclear whether this uptake is
facilitated as diffusion through membranes specific
for zinc ion or whether it is mediated by specific
transporter(s). It has been concluded that both
mechanisms operate, and about 90.5% of the total
zinc required by plants moves towards the roots by
diffusion. This lateral movement of zinc is highly
dependent upon the soil moisture, and this may be
the reason why, particularly in arid and semi-arid
areas, zinc deficiency is more frequently seen. The
vast majority of zinc is present in the lattice structure
of the soil and therefore, unavailable to meet the
plant’s nutritional requirements. Available soil zinc is
dissolved in the soil solution in ionic or complex
form and may be found on the exchange sites of clay
minerals and organic matter. Zinc can also be found
as adsorbed divalent cation, zinc hydroxide, or zinc
chloride. The solubility of zinc is highly dependent
upon soil pH. Presence of calcium carbonate
decreases the availability of zinc due to higher soil
pH. The poor zinc availability in alkaline calcareous
soils is precisely due to the formation of zinc
carbonate. High levels of soil phosphorus are also
commonly responsible for zinc deficiency. Presence
of excess amount of copper can also reduce zinc
availability because the absorption of both cations is
through the same mechanism, which causes
interference in the uptake. On the contrary,
application of magnesium can enhance zinc
availability and uptake by the roots. Zinc is
transported in the xylem tissues from the roots to the
shoots. However, high levels of zinc have been
detected in the phloem tissues, which indicates that
zinc moves through both transport tissues, and maybe
remobilisation of zinc towards the grain during
ripening. Substantial translocation of zinc takes place
from the older leaves to the younger ones during
grain development phase. Plants deficient in nitrogen
do not show the retranslocation of zinc from the
older leaves, indicating that the deficiency symptoms
of zinc are more pronounced in the nitrogen deficient
plants. Both soil and leaf tissue tests are accurate
evaluations of zinc requirements. If a crop is “zinc
responsive” and a high yield program is being used,
some zinc is often inexpensive insurance for the
higher yield goals. Zinc is sometimes applied
broadcast to correct the zinc level in soils in one
treatment. Zinc oxide and oxy-sulphates are slow
release forms for build-up purposes. However, for in-
row applications or for immediate uptake zinc
sulphate or chelated and /or complexed zinc must be
sprayed or applied to the soil. As indicated above,
zinc must be present in soil solution in soluble form,



845Adv. Environ. Biol., 5(5): 839-846, 2011

a form that can only be possible with the application
of zinc sulphate or complexed zinc. Zinc oxide,
though, a very high analysis source of zinc, is not
soluble in water, consequently the zinc is not
released in the soil solution for roots to absorb.
Moreover, spray application of zinc oxide on a
standing crop will not be profitable as only a very
minute percentage of applied zinc can penetrate the
leaf tissue. Rest of the zinc goes waste during
threshing as it still adheres to the foliage. This may
limit the zinc requirement of a crop and reduce the
yields. Zinc oxide forms a thin film over the leaf
surface, which may reduce the canopy light
interception and consequently reduce photosynthesis.
Zinc oxide should always be applied through the soil
for correcting zinc pool for the subsequent crops.
However, the amount of zinc released depends upon
the subsequent soil moisture conditions, as dry
topsoil can still limit the zinc availability for the next
crop. For immediate requirements the growers should
use a soluble form of zinc such as Smartrace Zinc or
zinc sulphate. Zinc applied using these fertilisers is
rapidly absorbed by the leaves, and is translocated to
the grain. The growers must correctly ascertain the
amount of zinc required by the crop as excessive
amounts of zinc sulphate can cause severe leaf fall.
Deficiency of zinc is widespread among crops grown
in calcareous soils and highly weathered acid soils.
The deficiencies in the calcareous soils are often
associated with iron deficiency as well. Zinc
deficiency symptoms in wheat appear between three
to five weeks after emergence, and in rice about two
to four weeks after transplanting. In severely
deficient zinc soils, wheat and corn germination is
poor and in these situations, seed treatment with
Smartrace Zinc-Manganese or Smartrace Zinc can
substantially improve seed germination and seedling
vigour. Spray application of soluble zinc such as
Smartrace Zinc during grain filling can improve the
zinc level in seeds for better germination in such
soils. Zinc plays an important role in many
biochemical reactions within the plants. Plants such
as maize and sorghum and sugarcane shows reduced
photosynthetic carbon metabolism due to zinc
deficiency. Zinc modifies and/or regulates the activity
of cabonic anhydrase, an enzyme that regulates the
conversion of carbon dioxide to reactive bicarbonate
species for fixation to carbohydrates in these plants.
Zinc is also a part of several other enzymes such as
superoxide dismutase and catalase, which prevents
oxidative stress in plant cells.
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