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ABSTRACT: This experiment was carried out during the two winter
seasons of 2008/2009 and 2009/2010 at El-Kassaien, Experimental Farm, Hort.
Res. Station, Ismailia Governorate, Egypt, to investigate the effect of foliar
spray with Fe, Zn and Mn at 100, 200 and 300 ppm of each individual or in
mixture form on some physiological and chemical measurements as well as
vield and its components of garlic plants cv sids 40 grown in sandy soil and
using drip irrigation system.

10Spraying of garlic plants with Fe+Zn +Mn at 200 ppm of each {mixture 2)
recorded the maximum values of number of leaves/plant, both neck and
bulb diameter, total dry weight/plant, carotenoids contents in leaf tissue, N
and K content and their uptake by bulb and leaves. While, spraying plants
with Fe+Zn +Mn at 100 ppm of each ( mixture 1) gave the highest values of
chiorophyll a, b, total chiorophyll (a+b), number of cloves /bulb, average bulb
weight and total yield/feddan. On the other hand, the highest values of Fe, Zn
and Mn were obtained by plants which were sprayed with Fe+Zn+Mn at 300
ppm of each ( mixtures 3).

Key Words: Garlic, foliar spray, iron, zinc, manganese, Physiological,

biochemical traits, yield and its components.

INTRODUCTION

Allium sativum L., commonly known as garlic, is considered as one of the
most important species in the onion family Alliaceae . It is an important
vegetable bulb crops and is next to onion in importance. Increasing garlic
production has become of greai necessary tc meet the ever increased
demand of exportation and local consumption (El-Hifny, 2010). Garlic has
been used throughout recorded history for both culinary and medicinal
purposes. It has a characteristic pungent, spicy flavor that mellows and
sweetens considerably with cooking.

In Egypt, it has been generally cuitivated for both local consumption and
export. The total area devoted for production in 2009 in Egypt, was 18,322
fed., which produced 174,659 tons with average 9.532 tonf/fed. (FAO, 2009).

It is well know that, sandy soil is infertile and has very small amounts of
microelements and high soil pH. Micronutrients deficiencies are more
frequent in many soil types; i.e., alkaline, calcareous and sandy soils
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(Srivastava and Gupta, 1996), moreover the availability and uptake by plants
of Fe, Zn and Mn decreases with increasing soil pH (Mortvedt et al,, 1991).
The mobility of microelements in soil, plant and their translocation to pfants
as well as interaction among them selves or with macroelements in the soil
and plant play an importiant role in plants nutrition (Marschner, 1998).

Foliar sprays are widely used to apply micronutrients, especially iron and
manganese, for many crops. Soluble inorganic salts generally are as
effective as synthetic chelates in foliar sprays, so the inorganic salts usually
are chosen because of lower costs. Suspected micronutrient deficiencies
may be diagnosed with foliar spray trials with one or more micronutrients.
Also, advantages of foliar sprays are: (1) application rates are much lower
than for soil application; (2} a uniform application is easily obtained; and (3)
response to the applied nutrient is almost immediate so deficiencies can be
corrected during the growing season. (Mortvedt et al., 1991}.

Foliar spray of garlic plants with mixture of Fe+Zn +Mn at 300 ppm of each
{ Ibrahim et al, 1991, Hassan et al., 1993, Abdel -Hamied, 1997 and El-Morsy
ef al., 2004) and at 100 or 260 ppm of each (Ahmad, 2002) significantiy
increased piant height, number of leaves/ plant, total dry weight/ plant,
chiorophyll a, b, total chlorophyil (a+b) and carotenoids in {eaf tissues , N,P
and K contents in bulb and their uptake by plants , average bulb weight and
total yield.

Therefore, the present investigation was undertaken to determine the
suitabie concentration of iron, zinc and manganese as foliar spray individual
or in mixture form to obtain the highest yield quantity and best quality of
garlic under sandy soil conditions.

MATERIALS AND METHODS

This experiment was carried out during the two winter seasons of
2008/200% and 2009/ 2010 at El-Kassaien, Experimental Farm, Hort. Res.
Station Ismailia Governorate, Egypt, to investigate the effect of foliar sprays
with Fe, Zn and Mn individuai or in mixture form on some physiological and
biochemical analysis as well as yield and its components of garlic plants
(Allium Sativum L.) cv. Sids 40 grown in sandy soi! and using drip irrigation
systemn. Available Fe, Zn and Mn were extracted by DTPA ( Diethylene
triamine penta acetic acid) Lindsay and Norvell, (1978). The physical and
chemical analyses of the soil are presentad in Table {1}.
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Table {1): The physical and chemical proparties of soil during 2008/2009 and

2009/2010 seasons

| Characters Seasons

| Physical properties . 1% season 2"'season _‘
Sand (%) 95.3 94.4
Silt (%) 1.9 1.8
Clay 28 38
Chemical properties
pH 8.2 8.1
Organic matter{%) 0.03 0.07
Available K {ppm) 59 : 65
Available P {ppm) 59 6.7
Available N {%) 57 6.8
Calcium carbonate (%) 0.19 0.21
Available Fe (ppm) 4,72 4.53
Available Zn {ppm} 318 3.25
Availabie Mn (ppm) 211 2.25

This experiment included 13 treatments which were the combinations
among Fe, Zn and Mn at three concentrations for each alone or in mixture as
fotlows: 1. Unsprayed (control), 2: Fe at 100, 200 and 300 ppm, Zn at 100, 200
and 300 ppm and Mn at 100, 200 and 300 ppim, 3: mixture 1 (Fe+Zn+Mn at 100
ppm of each), mixture 2 {Fe+Zn+Mn at 200 ppm of each) and mixture 3
(Fe+Zn+Mn at 300 ppm of each

These treatments were arranged in a comnietelv randomized block design
with three replications.

The cloves of garilic cv sids 40 were sown on 15" and 20" Sept. in the 1™
and 2™ seasons, respectively. Garlic cloves were selected for uniformity in
shape and size sown on both sids of the dripper lines at distance 10 cm a
apart.

The experimental unit area was 12.6 m°. it contains three drippers lines
with 7m length each and 60 cm distance between each two drippers lines.
One line was used for taking samples to measure the morphological and
physiological traits and the other two lines were used for yieid
determinations. Plants were sprayed three times at 60,75 and 90 days after
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planting with micronutrients; i.e,, Fe, Zn and Mn solutions in the form of
ferrous sulphate {FeSQ,7H,0), Zinc suiphate (ZnS0,.7H,0} and Manganese
sulphate (MnS0,.7H,0), respectively. Each plot received 2L. solutions of
each concentration using spreading agent in all treaiments to improve
adherence of the spray to the plant foliage for increasing Fe, Zn and Mn
ahsorption by the plants (Mortvedt ef af. , 1991}, The untreated plants {check)
were sprayed with tap water and spreading agent.

All plots received equal amounts of farmyard manure at rate of 30 m’fed.
and one third of all commercial fertilizers; i.e., ammonium sulphate (20.5 %
N), calcium superphosphate {(15.5 % P;0; ) and potassium sulphate (48 %
K.QO) during soif preparation in the center of planting line , then covered by
sand. These commercial fertilizers were added at the rates of 500, 450 and
200 kg/fed. respectively. The rest amounts of these fertilizers { two thirds )
were splitted into five equal portions and added fo the soil every 15 days ,
beginning one month after planting. The normal agriculturai practices were
carried out as commonly used in the district.

The following data were recorded
Plant Growth Characters

A random sample of ten plants from every experimental unit was taken at
135 days after planting and the following data were recorded: ptant height
{cm), number of leaves/ plant and both neck and bulb diameter {cm).

Different plant parts (bulb and leaves) were oven dried at 70 °C for 48 hr.
till constant weight, and dry weight of bulb and leaves as well as the total
dry weight/ plant were recorded.

Physiological and Chemical Analysis
Photosynthetic pigments
Disk samples from the fourth upper leaf were obtained at 135 days after

planting to determine chlorophylil a and b as well as carotenoids according to
the method described by Wettestein {(1857).

N, P and K contents and their uptakes

The dry matter of bulb and leaves at 135 days after sowing in both
seasons were finely ground and wet digested with sulfuric acid and
perchloric acid (3:1). Nitrogen, phosphorus and potassium contents were
determined according to the methods described by Bremner and Muivaney
{1982), Clsen and Sommers {1982) and Jackson {1970}, respectively, then N,
P and K uptake as well as total uptake by bully and leaves were calculated.,

Yield and Its Components

As plants reached the proper maturity stage, plot bulbs were harvested,
counted, weighed and the following data were recorded: average bulb weight
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and total yield/fed. A random sample of 10 bulbs from avery plot was takea to
determined number of cloves/bulbs.

Bulb Quality

Iron, zinc and manganese contents: they were determined by atomic
absorptlon spectrophotometer as described by Evenhuis and Dewaard
{1980). ‘

Statistical analysis

The data of this experiment were subjected to proper statistical analysis
of variance according to Snedecor and Cochran {1980} and the differences
among treatments were compared using Duncan’s muitiple range test
(Duncan, 1985).

RESULTS AND DISCUSSION
Plant Growth Characters
Morphological traits

it can be seen from data in Table {2) that foliar spray of garlic plants
grown in sandy soll and sprayed with Fe, Zn and Mn as single or in mixture
at different concentrations reflected significant differences on plant height,
number of leaves/ plant , and both neck and bulb diameter in both seasons.
it is obvious from such data that spraying with Fe+Zn +Mn at 300 ppm of
each { microelements mixture 3} gave the tallest plants followed by spraying
with Fe+Zn +Mn at 200 ppm of each and recorded the maximum values of
number of teaves/plant and both neck and hulb diameter with no significant
differences with Fe+Zn +Mn at 200 ppm of each ( microelements mixture 2)
with respect to bulb diameter .

These results could be attributed to the affective role of such
micronutirients in controiting various enzymes activities and photosynthetic
pigments formation, consequently affecting plant growth. The promotive
effect of Fe could be expiained as Fe plays a prominent role in several vital
procasses in plant such as nhotosynthesis consequently affecting plant
growth. Also, Zn is well krtown to be directly involved in biosynthesis on IAA
hormone which induces cell division and cell elongation (Katyal and
Randhawa, 1983). Also, the effect of Zn on plant growth parameters might be
due to Its essenfial role in many important metallic functions such as
transport of carbohydrates, regulation of meristematic activity,
photosynthesis, respiration, energy production and protein metabofism.
Such functions would directly or indirectly contribute to plant growth
(Srivastava and Gupta, 1896).These results are coincided with those reported
by Hassan et al. (1993), Ahdel-Hamied (1997), Ahmad (2002) and El-Morsy et
al. {2004).

413



Tabfe (2): Effect of foliar spray with Fe, Zn and Mn individually or in mixture on morphological characters of
garlic plants cv. Sids 40 at 135 days after planting during 2008/2009 and 20092010 seasons under

sandy soil conditions

[ Plant height {cm) T Number of (eavesipiant Neck diameter {cm} Buib diameter (cmj w
Treatments —
i 1" sgason 2" season 1" season 2™ geason 1" season 2™ season 1* season 2™ season
= —
Unsprayed 5433 & 56.00 h 9333 ¢ 11.33 a-e 1.20 de 1.30 b-d 521 f 510 g
Fe at 100 prm 56.00 » 57.33 gh 10.00 be 9000 f 1.04fg 1.04 1 831 of 5.25 fg
Fe at 200 pm 66.50bc 1  B6.67b-d 12,0¢ ab 12.67 ab 1.43 ab 1.42 a §5% a 863 b
Fe at 300 pm 7100 a 65.33 cd 1267 a 1.0 b-e 105 fg 1143 ef 594 b 630 ¢
o Zn at 100 ppm 60,67 d 61.00 1 9.333 ¢ 8.667ef 100 g 1.0 ef 510 § 544 ef
; Zn at 200 ppm 64.00 d 64.00 de 10.80 be 8.667 ef 1.20 de 1.26 c-e 593 b 576 d
Zn at 300 ppm 68.67 ab 68.00 bc 12.00 ab 12,80 a-d 113 ef 108 ¢ 5.51 de 833 ¢
Mn at 100 ppm 60.67 d 5967 fg 10.67 a-<c 10.23 d-f 118 e 121 df 5.51 cd 5.58 de
Mp at 200 ppm 58.67 ab 68.00 be 11.67 a<¢ 12.00 a-d 130 cd 4.39 ac 592 b 6.83 ab
Mn at 300 ppm 64,00 cd 61.060 f 18.33 a-¢ 10.00 ef 1.14 ef 1.16 d-f 581 be 566 de
Mixture 1 §4.00 cd 61.67 of 11.33 a-¢ 10.67 cf 1.48 ab 1.45 ab 568 cd 563 de
Mixture 2 } £8.33 ab 71.00 a 11.67 a-c 12.33 a-¢ 1.40 be 145 ab 545 a 589 a
Mixture 3 J( 71.00 a §9.33 ab 12.00 ab 13.00 a 1.52 a 154 a 6.66 a 6.86 ab

Vajuss having the same alphabetical letter{s) did not significantly differ at the 0.05 level of significance, according to Duncan’s
multiple range test. Microelements mixture 1 { Fe+Zn+Mu at 100 ppm of each); mixture 2 { Fe+Zn+Mn at 200 ppm of each); mixture

3( Fe+Zn+Mn at 300 ppm of each),
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Dry weight

it is quite clear from data in Table 3 that spraying garlic plants with
different concentrations of Fe, Zn and Mn single or in mixture showed a
significant effect on dry weight of leaves, bulb and total { leaves +bufb) dry
weight/ plant compared with unsprayed plants in both seasons. Foliar spray
of garlic plants with microelements mixture2 ( Fe+Zn +Mn at 200 ppm of
each) gave the highest valyes of leaves, bulb and total ( leaves + buib) dry
weight / plant compared to folfar spray with Fe, Zn and Mn alone at different
concentrations or in mixture at 100 or 300 ppm of each or unsprayed plants.
The increases in total dry weight/ plant were about 5.29 and 5.54 gm/ plant for
spraying Elants with microelements mixture 2 over the contyol {unsprayed} in
1 and 2™ seasons, respectively.

Tabte (3): Effect of foliar spray with Fe, Zn and Mn individuaily or in mixture
on dry weight (g)of different plant parts of garlic plant (cv Sids 40)
at 135 days after planting during 2008/2009 and 2008/2010

seasons
L Leaf Bulb ! Total

Treatments
1"season | 2" season | 1™season | 2"season | 1" season | 2™ season
Unsprayed 10.75 e 11.68 fg 8257 g 8.207 g 18.97h 19.89 g
Fe at 100 pm 1281¢c 13.22 be 5980 ¢ 10,11 ab 22,78 he 2333 b
F_e at 200 pm 1197 d 1228 dg 9.807 cd 9,287 cd 2178 de 2156 cd
Fe at 306 pm 13.00¢ 11.721g 8330 g 8513 f 2133 e | 2024 fgy
2m at 100 ppm 1186 d 11.97 e-g 8743 f 9,097 de 20,60 fq 21.07 de
Zn at 200 ppm 13.75 b 12.00 eg 9.160 e 9.123 de 29 b 21.12 de
Zn at 300 ppm 11.68 d 12.58 de 8.ro3 f 9.473¢c 2040 g 2206 ¢
Mn at 100 ppm 1282 | 1168 o RE7T § 2.903 e 2159 fu 2057 of
Mn at 200 ppm 10.70 e 11.78 fg 9.657 d 9.293 cd 2035 g 21.07 de
Mn at 300 ppm 13.08 ¢ 12.31d+f 9163 e " 9.267 cd 22.25 cd 21.57cd
Mixture 1 1274 ¢ 1347 b 10.21 b 3950 b 2285 b 2343 b
Mixture 2 14.81 a 15.14 a 10.46 a 10.29 a 25.26 a. 2543 a
Mixture 3 12.67 ¢ 12.76 cd 10.31 ab 10.10 ab 2298 b 2285 b

significance, according to Duncan's multiple range test. Microelements mixture 1 { Fe+Zn+Mn at
100 ppm of each); mixture 2 { Fe+Zn+Mn at 200 ppm of each); mixture 3 ( Fe+Zn+Mn at 300 ppm
of each)
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The stimulative effect of Fe, Zn and Mn on dry weight/ plant could be
attributed to that Fe, Zn and Mn plays a vital role in plants as follows: iron is
a component of many enzymes associated with energy transfer, nitrogen
reduction and fixation, and lignin formation. Iron is associated with suifur in
plants to form compounds that catalyze other reactions (Mortvedt et al.,
1991). Zinc is a components of many enzymes such as dehydrogenase,
proteinase , peptidases and phosphochydrolass important for metabolism of
carbohydrate, profein and phosphate { Kabat-Pendias and Pendias, 1992;
Srivastava and Goupta, 1996). Manganese is involved Iin the evolution of O,
in photosynthesis (Hill reaction). It is a component of several enzyme
systems. It has also, function in chloroplast as a part of electron-transfer
{oxidation-reduction) reactions and electron fransport system (Srivastava
and Goupta, 1996}, These resulis agree with those reported by Hassan et a/,
{1993), Abdel-Hamied (1997), Ahmad {2002) and El-Morsy et al. (2004}. They
reported that spraying garlic plants with Fe, Zn and Mn at 200 ppm gave the
highest values of dry weight of plant.

Physiological and Chemical Analysis
Photosynthetic pigments

It is evident from data in Table (4} that, spraying of garlic plants with Fe,
Zn and Mn at different concentrations alone or in mixture had a significant
effect on the concentration of chlorophyll a, b, total (a+b) and carotenoids in
leaf tissues in both seasons. It is clear from data that foliar spray with
microelements mixture 1 recorded the highest values of chlorophyll a, b and
total chlorophyll (a+b} and microelements mixture 2 recorded the highest
values of carotenoids in leaf tissue with no significant differences with Zn at
200 ppm, whereas Mn at 200 ppm recorded the maximum values of
chlorophyl b in leaf tissues. Micronutrients play an indispensable role in cell
division and development of meristematic tissues, stimulate photosynthesis,
respiration, energy and nucleotide transfer reactions and fasten the plant
maturity (Marschner, 1998)..

These results are in harmony with those reported by Ahmad {2002} who
found that chiorophyil a, b and carotenoids in ieaf tissue of garlic increased
with increasing foliar spray with Fe + Zn and Mn .
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-Table {4): Effect of foliar spray with Fe, Zn and Mn individually or in mixture on photosynthetic pigments
{mg/gm DW) in leaf tissues of garlic cv Sids 40 at 135 days after planting during 2008/2009 and
2009/2010 seasons

1134

Chlorophyli a __ Chiorophyll b Total Chiorophyll (a+h) | Carotenoids {mgigm DW)

Treatments | 1%season | 2" season | 1"season | 2" season | 1"season | 2" season | 1"season Wﬁ:ason
Unsprayed F 2.61de J‘ 262 ¢ 164 h l 161b 4.26 f 4.23 e 1.89 h j'l 1.83 h
Fe at 100 pm 333bc | 332 b 1.74 iy 172ab | 5.08 bd 5.04 bc 2.05 1 206g
Fe at 200 pm { 3.20 be 316 b 1.76 fg 1.75 ab 4.96 de 4.92 be 225 f 218 g
Fe at 300 pm 363 a 3.28 b 1.86 cd 1.82 ab 549 a 510 b 3.19b 3.09 ba
-Zn at 100 ppm 3.26 be 334 b 1.83 de 1.80 ab 5.09 b-d 514 b | 236 f 237 f
Zn at 200 ppm 3.28 be 338 ab 1.93 ab 1.6 ab 5.21 bec 5.07 bc 334 a 3.23 ab
Zn at 300 ppm 316 ¢ 3.18 b 185 d 1.81 ab 501 ¢ce 500 bc 249 e 244 of
Mn at 100 ppm ; 2.69d 365 b 176 fg 169 ab 445 f 4.74 ¢d 27 ¢ 271 d
Mn at 200 ppm i ‘245 e 240 ¢ | 1% a 1.84 a T 438 f 425 e 309 b 301¢
Mn at 300 ppm !} 265d 264 ¢ 1.78 ef 1.7¢ ab 444 f 4.44 de 272 ¢ 267 d
Mixture 1 | 3r3a | 366 a 1.81 abe 1.81 ab 5656 a 548 a 311t b 106 be
Mixture 2 338 b " 3.36 ab 1.88 b-d 1.80 ab §27 b 5.16 ab 3.34 a 135 a
Mixture 3 E 316 ¢ 308 b 172 g 1.65 ab 488 e | 4,74 cd 262 d 2.57 de

Values having the same alphabetical fetter(s) did not significantly differ at the 0.05 level of significance, according to
Duncan’s multiple range test. Microelements mixture 1 {Fe+Zn+Mn at 100 ppm of each); mixture 2 (Fe+Zn+Mn at 200
ppm of each); mixture 3 (Fe+Zn+Mn at 300 ppm of each)
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Contents of N,Pand K

The obtained resuits in Tables (5 and 6) show that spraying Fe, Zn and Mn
alone or in their combinations significantly increased N and K contents in
bufb and leaves of garlic, It is obvious from the data that spraying of plants
with microelements mixture 2 was the best treatment for enhancing N and K
content in both bulb and leaves.

Table (5}: Effect of foliar spray with Fe,Zn and Mn individually or in mixture
on N,P and K contents (%) in bulb of garlic (cv Sids 40) at 135
days after planting 2008/2009 and 2009/2010 seasons

> Characters N% P % K% ‘]

1" I 2™ 1 2 = 2™ ]

Treatments $8asoNn season season Seasen season Season i
Unsprayed i 1.76cd 1.71 o5 0.355 a 0.359 a 176 ¢ 166 d
Fe at 100 pm 1.76 cd 1.72 c-o 0.344 a 0.351 a 1.81 be 1.72 ¢
Fe at 200 pm 160e 1.56 g 03zra | 0318 a 163 d 182 ¢
Fe at 300 pm 1.54§ 166 1 0310 a 0.309 a 154 ¢ 152 ¢
Zn at 100 ppm 1.60 e 156 g 0.334 a 0.326 a 1.61 de 182 ¢
Zn at 200 ppm 1.50 1 1.50 h G315 a 0.322 a 1.62 de 166 d
Zn at 300 ppm 1.86 b 1.83 a 0.343 a $.339 a 1.896a 1.94 a
Mn at 100 ppm 180 ¢ 1.80 ab 0.337 a 0.347 a 1.85 b 1.831 b
Mn at 200 ppm 1.8 b 1.77 be 0,350 a 0.349 a 1.88 b 182 b
Mn at 300 ppm 1.81 be 1.75 bd 0326 a 0.342 a 116 ¢ 173 ¢
Mixture 1 172 d 1.67 ef 0.362 a 0.364 a 1.80 bc 173 ¢
Mixture 2 1.85 a 184 a 0.356 a 0.331 a 1.97 a 1.92 a
Mixture 3 1.81 be 1.72 ¢co 0327 a 0.329 a 1.80 bc 1.72 ¢

Values having the same alphabstical letter(s) did not significantly differ at the 0.06 leve! of
significance, according to Duncan's multiple range test. Microelements mixture 1 { Fe+Zn+Mn at
;2(; ;J(:Jhl';'l of pach); mixture 2 { Fe+Zn+Mn at 200 ppm of each); mixture 3 { Fe+Zn+Mn af 300 ppm

The data also show that P content in bulbs and leaves did not significantiy
affect by foliar application of Fe, Zn and Mn alope ar in combination. This
reduction in P percentages in garlic tissues after foliar application of Fe and
Zn may be due to the antagonism between Zn or Fe and P in tissues.
Spraying garlic plants with different concentrations of Fe, Zn and Mn in
mixture significantly increased N, P and K in bulbs compared to untreated
plants {Abdel-Hamied, 1997).
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Table (6): Effect of foliar spray with Fe.Zn and Mn individuaily or in mixture
on N,P and K contents (%} in leaves of garlic {cv Sids 40) at 135

__days after planting during 2008/2009 and 2009/2010 seasons
N %

F haracters P, 1 K %
2™ 1 2™ 1 P
[Tmatments \J season Iq_“:;—easmn | _ssason season season Season
Unsprayed 367 d 363 0 0315 b .| 0308 b 251d 2.5 1g
Fe at 100 pm 372 d 381 d 0.309 b 0294 b 327 b 3.11 ab
Fe at 200 pm 3.63 d 65 e 0.300 b 0.28% b 263 cd 2.58 e-g
Fe at 300 pm 368 d 3.59 e 0.281 b 0274 b 250 d 240 g
Zn at 100 ppm 4.21be 3.57e 0.280 b 02¢7 b 280 ¢ 262 d-g
Zn at 200 ppm 3.73d 3.91 cd 0.269 b 0275 b 241 d 2.69 d-f
Zn at 300 ppm 427 b 4.03 bc 0.387 a 0383 a 383 a 3.10ab
Mn at 100 ppm 425 b 408 b 0.279 b 0283 b 283 ¢ 3.09ab
Mn at 200 ppm 427 b 403 bc | 0310 b | 0315 b 3.56 a 2.80 c-e
Mn at 300 ppm 4.13 be 408 b 0293 b 0.289 b 284 ¢c 2.83hd
Mixture 1 4.03 ¢ 3.92 bed 0321 b 0317 b 3.40 ab 3.1% a
Mixture 2 461 a 4.34 a 0.305 b 0308 b 3.50 ab 335 a
L Mixture 3 447 a 43a | 0326 b | 0296 b | 323 b | 306 ac

Values having the same alphabetical {efter{s) did not significantly differ at the 0.05 leve! of
significance, according to Duncan’s muiltiple range test. Microelements mixture 1 { Fe+Zn+Mn at
100 ppm of each); mixture 2 { Fe+Zn+Mn at 200 ppm of each); mixture 3 { Fe+Zn+Mn at 300 ppm
of each)

Uptake of N, Pand K

Presented data in Tables 7 and 8 show that spraying garlic plants with Fe,
Zn and Mn as single or in mixtures at different concentrations significantly
increased N, P and K uptake by bulb and leaves in both seasons. Spraying
with microeiements mixture 2 significantly increased N,P and K uptake by
hulb and leaves. The stimulative effect of Fe+Zn +Nn on N,P and K uptake in
leaves and bulb may he due to that the mixture of Fe, Zn and Mn at 200 ppm
of each increased dry weight of leaves and bulbs { Table ,2).
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Table (7): Effect of foliar spray with Fe,Zn and Mn individually or in mixture
on N,P and K uptake {mg) by bulb of garlic plant (cv Sids 40) at 135
days after planting during 2008/2009 and 2009/2010 seasons under
sandy soil conditions

Characters N {mg) P (mg) K {mg) ]
1 b 1 2 1" 2

Treatments season 1 season season season season_
Unsprayed 1463 ¢ 140.7 de 29.34d 2950 g 14539 ¢ 1363 f |
Fe at 100 pm 176.3¢ 173.7b 3433 b 3550 a 1813 b 1741¢c |
Fe at 200 pm 167.5 ¢f 1449d 32.09¢ 29.56 g 159.8d 1511e |
Fe at 300 pm 12857 144.3 de 2585¢ 2637 h 1288 ¢ 1294 g |
Zn at 100 ppm 139.9gh 141.9 de 29.22d 29.68 fg 141.3e 1382 f |
Zn at 200 ppm 1374 h 1369 ¢ 28.92d 2938 ¢g 1485 e 1521e |
Zn at 300 ppm 162.5de 1T3.7b 29.91d 32.15¢c-a if1.2¢ 1838 b |
Mn at 100 ppm 156.2 ¢ 160.9 ¢ 2930 d 30.93 ef 1608 d 1615d |
Mn at 200 ppm 179.9¢ 164.9¢ 33.80bc 32.45cd 1818b 1692¢c |

Mn at 300 ppm 1664 d 162.5¢c 28.90d 31.75de 161.9d 1604 d

Mixture 1 177.3¢ 166.2 ¢ 36.96 a 36.26 a 184156 17256¢

Mixture 2 2046 a 190.1 a 37.3¢ a 34080 2064a 197.7 a
Mixture 3 i 1874 b 1745 b 33.76hc 33.31 be 186.0 b 1738 c |

Table (8): Effect of foliar spray with Fe,Zn and Mn individuaily or in mixture
on N,P and K uptake {mg} by leaves of garlic plant {cv Sids 40} at
135 days after planting during 2008/2009 and 2009/2010 seasons

Characters N [mg) P {mg) K {mp) ]
1 z 1 2 1 2"
Treatments

season season S@ason s0ason Season séason

Unsprayed 4613 fg 42391 4069 b 36,13d4 3%ze 293.1 hi
Fe at 100 pm 4768 ¢f | 5046cd | 39.62bc 3887 ¢ #182bc | 411.6bc
Fe at 200 pm 4350 ¢ a4860f | 3596df | 3653et MNs2e 317.5gh

Fe at 300 pm 478.8d1 420.8 f 3661ch | 3212 h 3253 e 2813
Zn at 100 ppm 499.4 de 427.3 ¢ 47ef | 32921 33113 e 314.1 g-i
Zn at 200 ppm 5141cd | 4696 e | 37.09ce | 33.04gh 3324 e 322,81-h
Zn at 300 ppm 498.9 de 507.5¢ 45.29 a 4819 a 4247 b 390.9¢cd

Mn at 100 ppm 456.9 fg 476.5 de 30.00 ¢ 33.06 gh 3053 e 361.0 de
Mn at 200 ppm 457.51g 474.7 de 33.214g 37.11c-o 3815¢cd 329.10-g

Mn at 300 ppm 5413 be 502.6 cd 38.34bd 35.62 of 3724d 355.20f
Mixture 1 5144 cd 528.9 bc 4093 b 42.74b 43300 4301 b
Mixture 2 683.5a 657.8a 45.24a 46.68 a 518.2a 5074 a
Mixture 3 567.2 b 5494 b 41.31b 37.82cd 409.8bc 380.7¢d

Vaiues having the same alphabetical ietterisj did not significantly differ at ine 0.05 iovel of
significance, according to Duncan’s multiple range test Microelements mixture 1 { Fe+Zn+Mn at
100 ppm of each); mixture 2 [ Fe+Zn+Mn at 200 ppm of each); mixture 3 ( Fe+Zn+Mn at 300 ppm
of each)

Total uptake of N, P and K

Presented data in Table (9} show that spraying garlic plants with different
concentrations of Fe, Zn and Mn separately or in mixture significantly
increased N, P and K total uptake by plants in both seasons. Also,
microeiements mixture 2 treatment gave the highest values of N,P and K
total uptake by garlic plant. The stimulative effect of Fe+Zn +Mn in mixture
on N, P and K total uptake by garlic plants compared to other treatments.
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Table (9): Effect of foliar spray with Fe, Zn and Mn individually or in mixture
on total uptake of N,P and K (mg) by garlic plant (buily and leaves)
cv Sids at 135 days after planting during 2008-2009 seasons
under sandy soil conditions

—_—
Characters N {mg) P {mg} K (mg)
(L P ELd P ™ T 2

Treatments geason season soason season season seagon
Unsprayed 6071 fy 564.6 70.03 d 65.63de 4701 e 429.4 gh

Fe at 100 pm 6531 e 6783 c 73.95¢ 7437 b 599.5 bc 585.7 be
Fe at 200 pm 592549 593.5 of £8.05 de 65.08 ¢ 4750 e A68.6 of
Fe at 300 pm §07.3 fy 5621 f | 6246 gh | 58.48 4541 0 | 4107 h
Zn at 100 ppm 639.2 of 569.2 f 63.68 fg . 64.60 e 473.2 e 452.3 1y
Zn at 200 ppm 651.5e 606.5 o 66.01 of 6241 f 4306 o 474.9 of
Zn at 300 ppm 662.4de 681.2 ¢ 75,20 be 80.34 a 5959 be 574.7 bc
Mn at 100 ppm 613.1 fg 6373 d 59.30 h 63.98 of 4661 e 5224 d
Mn at 200 ppm 637.4 of 639.6d 87.00 d-f 69.55 ¢ 563.4 cd 498.3 de
Mn at 300 ppm 707.7 ¢ 665.1 cd 68.24 de 67.37 d 5343 d 515.6 d
Mixture 1 691.7 cd 6985.1 bc 7788 b 78.99 a 6171 b 602.6 b
Mixture 2 888.1 a B47.9 a 8255 a B80.76 a 7246 a 705.1 a
Mixture 3 7546 b 7238 b 7507 bc 7113 ¢ 5958 bhc 5645 c

Values having the same alphabeficai lefter(s} did not significantly differ at the 0.05 fevel of
significance, according to Duncan’s muitiple range test. Microelements mixture 1 { Fe+Zn+Mn at
100 ppm of each); mixture 2 ( Fe+Zn+Mn at 200 pprm of each); mixture 3 { Fe+*Zn+Mn at 300 ppm
of each)

Yield and Its Components

The results in Table (10} show that spraying with Fe, Zn and Mn at
different concentration alone or in combinations significantly affected
number of cloves/bulb, average bulb weight and total yield/ fed. in both
seasons. Spraying plants with microelements mixture 1, 2 or 3 recorded the
highest values of number of cloves /bulb, average bulb weight and total
yield/fed. compared to unsprayed plants { check) or plants which were
sprayed with different concentration of Fe,Zn and Mn individually.

The increases in total yield were about 3.230 and 3.749; 3.360 and 3.887;
3.204 and 3.680 tonffed. for plants which were sprayed with mlcroelements
mixture 1, 2 or 3 over the plants which unsprayed in 1*! and 2" seasons,
respectively..

The increase in growth of garlic plants, total uptake of N, P, K and total
yield/fed. by spraying with Fe+Zn+Mn as mixture might be due to that sandy
soil has low available N,P and K and has very amounts of microelements
{Table 1).

The increase in total yield was owing directly to the increase in vegetative
growth {Tables 2 and 3), high photosynthesis capacity expressed in leaf
pigments (Table 4) and high average bulb weight (Table 10}. These increases
might be ascribed to the favorable role of the used micronutrients in
pigments formation, photosynthesis activation and carbohydrates
assimilation diverted to the bulbs which represented the economic part of
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plant (Hitman and Asandhi, 1987). Similar results were reported by Hassan et
al. (1993), Abdel -Hamied (1997), Ahmad {2002} and El-Morsy et al. {(2004).
They concluded that spraying garlic plants with Fe, Zn and Mn in mixture at
100 or 200 or 300 ppm of each significantly increased yield and its
components.

in this concern, El-Tohamy et al (2009) on onion found that, foliar
application of Fe, Zn and Mn significantly improved total yield compared to
control plants.

Table (10): Effect of foliar spray with Fe,Zn and Mn individually or in mixture
on yield and its components during 2008/2008 and 2009/2010

seasons
Characters | Number of cloves/bulb Bulb weight (g} | Total yield ( tonffed.)
—”—T“El* 2fm 1il' zﬁr 1st IN zna

Treatments season 1 season season season | season season

Unsprayed 1012 ¢ | 9970 h | 4148 ¢ | 4087 h | 6343e | 6.203 g

Fe at 100 pm 10.67 ¢ 1218 e 4269 e 48.76 e-g 6.600 e 6.373 fg

Fe at 200 pm M46e | 1132 fg | 4699 ¢ | 4647 fg | 6.763 ¢ | 6.583 eg
Fe at 300 pm 13.73 d 10.94 g 57.66 cd 4595 g 7.783 cd | 6.517 eqg |

Zn at 100 ppm 1617 b | 11.57 eg 65.23 b 49,76 ef 8.807 b 6.717 ef
Zn at 200 ppm 1310 d 11.42 ofg| 5504 d | 4798 eg | 7430 d | 6477 eg
Zn at 300 ppm 1524 bec { 1312 d | 6294 bc'| 54.19d 8.497 bc 1.317 d
Mn at 100 ppm 1589 ac | 11.84 ef | 6753 ab 50.29 e 9.117 ab 6.790 e
Mn at 200 ppm 14,50 cd | 13.66 cd | 58.00 cd 54.64 d 7.830 cd 7.377 d
Mn at 300 ppm 1637 ab | 1415 ¢ 70.37 a 60.86 ¢ 9.500 a 8.217 ¢

Mixture 1 16.88 a 17.55 a 70.91 a 73.70 a 9573 a 9.950 a
Mixture 2 17.41 a 18.09 a 71.88 a 7471 a 9.703 a 10.09a
Mixture 3 16.45 ab 17.03 a 70.72 a 7321 a 9.547 a 9.883 a |

Values having the same alphabetical letter(s) did not significantly differ at the 0.05 level of
significance, according to Duncan’s muitiple range test. Microelements mixture 1 ( Fe+Zn+Mn at
100 ppm of each); mixture 2 { Fe+Zn+WNn at 200 ppm of each); mixture 3 { Fe+Zn+Mn at 300 ppm of
each)

Fe, Zn and Mn Contents in Bulb at Harvest Time

The obtained data in Table (11) reveal that spraying garlic plants with
microeiements mixiure 3 or Fe, Zn and Mn aione at 3006 ppm of each recorded
maximum values of Fe, Zn and Mn in bulb at harvesting date, whereas garlic
plants which unsprayed with any micronutrients recorded minimum values
of Fe, Zn and Mn contents in bulbs { average two seasons).

These results agree with those reported by Fi-Morsy {2005) who found
that all concentrations of Fe, Zn and Mn in cloves at harvest time were
significantly increased due to spraying the garlic plants with mixture of
micronutrients (Fe + Zn + Mnj at 250 ppm in comparing with the other
treatments. :

From the results of this study, it could be concluded that, spraying garlic
plants with mixture 2 of micronutrients {Fe + Zn + Mn} at 200 ppm was the
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recommended treatment for increasing gaﬂic yield and improving bulb
quality of garlic under similar conditions to this work,

Table (11): Effect of foliar spray with Fe,Zn and Mn individually or in mixture
on Fe, Zn and Mn contents (ppm) in garlic bulb at harvesting
time (average two seasons) under sandy soil conditions _

~F—___Characters
_'[matm‘eka Fe ] Zn Mn

Unsprayed 20.4e T 134 6.4d
Fe at 100 pm 22.8be 14.2de 6.8d
Fe at 200 pm 24.4a-c 13.8de 8.4c
Fe at 300 pm 25.8ab 15.6d 8.4c

Zn at 100 ppm 19.6e 184c 7.2d
Zn at 200 ppm 20.0e 22.63 8.6c
Zn at 300 ppm 21.2de 238a 10.2b
Mn at 100 ppm 20.6de 12.6e 9.8b
Mn at 200 ppm 22.4c-e 12.6e 10.4b
Mn at 300 ppm 21.2de 13.0e 12.0a
Mixture 1 23.6a-d 20.4bc 9.6b
Mixture 2 24.4a<c 21.8ab 10.6b
Mixture 3 ! 26.6a 23.4a 12.8a

Values having the same alphabetical letter(s) did not significantly differ at the 0.05
level of significance, according to Duncan’s multiple range test . Microelements
mixture 1 ( Fe+Zn+Mn at 100 ppm of each); mixture 2 ( Fe+Zn+Mn at 200 ppm of each);
mixture 3 { Fe+Zn+Mn at 300 ppm of each).
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