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ABSTRACT

Two field experiments were carried out in the two successive seasons of
2002 and 2003 to study the effect of spraying some micronutrients namely, Fe,
Mn and Zn either alone or in combination at rates of 0.05, 0.08 and 0.1 % as
chelated nutrient on vegetative growth, yield and its components, chemical
constituents and anatomical structure of cotton (Gossypium vitifolium L.) plants
(cultivar Giza 70) grown under newly reclaimed soil conditions . The results
indicated that increasing the rates of Fe, Mn and Zn applied either alone or in
combination caused an increase in plant height, number of leaves / plant, number
of main stem internodes / plant, leaf arca and number of fruit branches / ptant and
dry weight of leaves / plant in the case of vegetative growth, in addition to
increasing the number of bolls / plant, number of opened bolls / plant, weight of
boll / plant, weight of seeds / plant and yield of seed cotton / fed. at the harvesting
stage . Similar trend was observed for the chemical constituents of cotton plants
i.e. N, P, K, Fe, Zr, Mn, total carbohydrates, total chiorophylls and carotencids
concentrations in leaves, crude proteins and oil concentrations in seeds . As for
the effect of micronutrients on the anatomical structure of stem and leaf of cotton
plants, the results indicated positive effects with all the studied characters of plant
organs. The highest increases in this experiment was obtained by the treated
plants with the combined treatment of (Fe + Mn + Zn) especiaily at the highest
rate (0.1 %),in the two seasons. Hence, under newly reclaimed soil conditions
refer to spraying cotton plants with a mixture of these micronutrients at a rate of
0.1 % exhibited optimum in yield and its components.

INTRODUCTION

Cotton (Gossypium vitifolium L.) plant is a very important and strategic
crop for national income, it is well known that nutrition represents the most
important factor affecting the yield specially in new reclaimed sandy soils,

In addition to the macro-elements, micre-elements are necessary for
plant growth and development. The micronuirients in general play an important
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role in the physiological and metabolic processes in cotton planis during the
different stages of growth (Azab ef al. 1992) . In recent years, great efforts of
Egyptian scientists tend to study the possibility to cultivate cotton in newly
reclaimed sandy soils.

The productivity of plants in newly reclaimed sandy soils is very low
due to its poor fertility especially in micronutrients. Many researchers have
recorded the beneficial effects of micronutrients (especially, Fe, Mn and Zn)on
vegetative growth, yield and its components, chemical constituents of cotton
plants, Girgis, (1992);Wahdan ef al.(1994); El- Kashian ef af .(1995); Abd El-
Shafy, (1998); Darwish and Hegab, (2000); Salem and Mohmed (2000); Wassel
et al. (2000), and Abd El-Shafy ef al . (2001) .

The present study aimed to investigate the effect of spraying with some
micronutrients namely, Fe, Mn and Zn ecither alone or in combination on
vegetative growth, yield and yicld components, chemical constituents and
anatomical structure of cotton (Gossypium vitifolium L) plants grown under
newly reclaimed soil conditions, in order to discover the positive effect of these
micro- elements and their importance in the introduction of this cotton plants to
be cultivated in the reclaimed soil.

MATERIALS AND METHODS

Two field experiments were carried out during the two successive
seasons, 2002 and 2003, in the Experimental Station (Demo area), Faculty of
Agriculture, Fayoum, Cairo Univ.

Results of mechanical and some chemical analysis of thc used soil are
carried out according the standard methods described by Olsen and Sommers
(1982) and Page et al. (1982) in Table (1) .

Table (1): Mechanical and some chemical analysis of the tested spplied soil:-
Mechanical analysis Available nutrients (mg / Kg)

Sand | Silt | Clay | Texture| Soil j CaCos

% | % | % | ciass |pH| % | N | P | K |[Fe|Mn|Zn

7150|1570 5280 sand | 83| 65 |174]1021275]25]1095}030

loam

Seeds of cotton (Gossypium vitifolium L.) cultivar Giza 70, were
obtained from Cotton Reszarch Center, Ministry of Agriculture, Egypt. Seeds
were sown on 15 ® of March (for two scasons) . Five sceds were sown in each hill
25 cm apart and then were thinned (at the age of 30 days) to onc plant . The
normal cultural practices for growing cotton plants were followed .

Fertilization: The plants received the rates of 300kg / fed. Ammonium
nitrate (33.5 % N), 300 kg / fed. superphosphate (15.5 % P,0s) and 50 Kg / fed.
Potassium sulphate (48 % K;0) as recommended by Ministry of Agriculture, of

- Egypt . Nitrogen fertilizer was applied after thinning and after two months (35
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and 60 days after sowing) . Phosphorus and potassium fertilizers were
incorporated into the soil before sowing.

Treatments: The three micronutrients namely, Fe, Mn and Zn at the
rates of 0.05, 0.08 and 0.1 % for each element were applied at three times during
the growing season . The first was after thinning, the second one month after the
first addition and the third at the beginning of the flowering,

The experiment involved the following 13 treatments:
1- Control (spraying with tap water).
2- Spraying chelated Fe (Fe- EDTA) at the rate 0.05 % .
3- Spraying chelated Fe (Fe- EDTA) at the rate 0.08 % .
4- Spraying chelated F¢ (Fe- EDTA) at the rate 0.1 %.
5- Spraying chelated Mn (Mn - EDTA) at the rate 0.05 % .
6- Spraying chelated Mn (Mn - EDTA) at the rate 0.08 % .
7- Spraying chelated Mn (Mn - EDTA) at the rate 0.1 % .
8- Spraying chelated Zn (Zn - EDTA) at the rate 0.05 % .
9- Spraying chelated Zn (Zn - EDTA) at the rate 0.08 %
10- Spraying chelated Zn (Zn - EDTA) at the rate 0.1 % .
11- Spraying the three nutrients together at the rates 0.05 % .
12- Spraying the three nutrients together at the rates 0.08 % .
13- Spraying the three nutrients together at the rates 0.1 % .

Recording data:-
1- Morphological parameters;

At the age of 120 days (in the two seasons), 10 plants from each
replicate  were randomly taken to estimate the following morphological
parameters.:-

- Plant height (cm) was measured from the cotyledonary node to the terminal bud,

- Number of main stem internodes / plant .

- Number of leaves / plant ,

- Area of the 7 % Jeaf from the apex of cotton plant (fully expanded leaf), using an
arca meter, model Li 3000 fromLICORE US A

- Number of fruit branches / plant .

- Dry weight of leaves / plant {g) (the samples were dried in an electric oven at 70 °C
+2 till constant weight) .

2- Yield and its componenis:-
At harvesting stage (aged 165 days for both seasons), 10 cotton plants
from each replicate were randomly taken to study ihe yield and its componenis
nsidering:-
- Average number of bolls / plant .
- Average number of opened bolls / plant.
- Average weight of dry opened boll (g) / plant
- Average weight of seeds (g) / plant .
- Average yicld of sced cotton (kg) / feddan
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3- Chemical constituents: -

The following chemical constituents were determined in the two
seasons in the powdered dry leaves and seeds (ihc samples were dried in an
electric oven at 70 °C +2 till constant weight, then finely ground).

- Nitrogen % was determined, using the Orange G dye clorimetric method
{Hafez and Hikkelsen 1981).

- Crude protein in seeds was determined according to A.O.A.C. (1995) .

- Phosphorus % was determined after digesting the powdered dry materials as
recorded by Olsen and Sommers (1982).

- Potassium % was determined after digesting the powdcred dry materials as
stated by Page et al. (1982).

- Qil content of seceds was determined using Soxilt method according to
AOAC. (1995).

- Total carbohydrates (%) were determined calorimetrically according to the
method described by Herbert ¢f al., (1971).

- At age of 130 days (in both scasons) samples of fresh leaves were taken for
determination of total chlorophyll and carotenoids which extracted by acctone
and were determined according to Welburn and Lichtenthaler, (1984).

Micronuirients were cstimated using the Atomic Absorption
Spectrophotometer,

4- Anatomical studies:

Here, specimens of sclected treatments at the age of 130 days (in the
second season) were taken for examination.

- The middle part of the 7 internode and its leaf from the apex of cotton plant
were considered .

- These specimens (1 cm long) were killed and fixed in FAA solation (10 ml
formalin + 5 ml glacial acetic acid + 85 mli ethyl alcohol 70%) for 2 days, then
washed in 50 % ethyl alcohol, dehydrated, cleared in a series of normal butyl
alcohol and embedded in paraffin wax (36 - 58 °C m.p.). Cross sections, 25 u
thick were cut by a rotary microtome, adhesived on slides by Hauptts adhesive
and double stained with the crystal violet erythrosine combination, cleared in
carbolic xylene and mounted in Canada balsam (Willey, 1971).

The previous experiment was laid out in complete randomized block
design, with three replicates. The plot size was (4 x 4 m?) which included 6 rows
60 cm apart . The experiment contained 13 treatments. Results were statistically
analyzed using the LSD at probability level of 5% for comparisons (Gomez and
Gomez, 1983).

RESULTS AND DISCUSSIONS

1- Growth parameters:

Data in Table (2) indicate that spraying cotton plants with the applied
micronutrients caused beneficial effect on plant growth. The treated plants with
one of Fe, Zn and Mn (especially at the rate of 0.1 %) showed a pronounced
increase in growth parameters reached, 16.47, 30.59 and 11.29 % for plant height,
14.29, 20.00 and 7.43 % for number of main stem internodes; 18.55, 23 .64 and
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16.36 % for number of leaves / plant; 19.68, 39.36 and 31.05% for leaf area;
20.10, 22.86 and 12.88 % in dry weight of leaves / plant and 21.53, 38.89 and
38.19 % for number of fruit branches / plant, respectively, as compared to the
untreated plants, at the first season .

Regarding the effect of the combined treatment of the three elements on
cotton plants, data in Table (2) showed that the growth parameters significantly
increased, reached (35.29, 40.47and 45.53 % for plant height; 22.86, 28.57 and
31.43 % for number of main stem internodes; 32.73, 37.45 and 45.45 % for
number of leaves / plant; 55.54, 62.54 and 75.59 % for leaf area; 22.86, 30.93 and
35.38 % for dry weight of leaves / plant and 58.33, 59.72 and 75.97 % for number
of fruit branches / plant) by increasing the rates of Fe or Zn or Mn mixture from
(.05 up to 0.08 and 0.1 %, respectively, compared with the untreated plants, at the
first season . The same trend nearly existed in the second season.

Table (2): Effect of solely and combined application of Fe, Zn and Mn on the
growth parameters of cotton planis grown in newly reclaimed
sandy soil.

. Nurether of Dryweight of
Plant height Nuamber of Leaf aren fruit

Characters {am) WBI leaves/ nk (m2) lmve(sgf);ini : hhea/
pirst

Tm“ 2002|2003 12002 {2003 12002 {2003 {2002 12003 {2002 12003 12002 | 2003
reatments

Control 85.00 |91.50 {17.50]18.67]27.50129.50} 68.60 |72.50 1831 [821 {720 {7.50
005%193.80 198.00 [19.00]19.00125.00{31.40{ 74.50 [79.30 [9.11 {923 [7.95 1850
Fe |0.08%|90.50 {106.20] 19.50120.00[31.50;31.40{79.60 {85.10 [9.52 :19.8] {800 ;8.85
0.1 % [99.00 |108.00120.00(20.00|32.6033.45[82.10 | 8520 j9.98 [9.88 |875 |9.00
0.05%{96.00 1105.50]20.00|20.80(32.00{32.50{ 7920 [82.50 {9.33 [9.30 (800 [8.50
Zn {0.08% 107.0 1113.00;21.00]21.50)32.80} 35.10| 88.30 18720 |9.85 {988 [9.75 |9.50
01% 1110 1117.00{21.00|21.67|34.00| 36.20| 95.60 | 96.70 {1021 10.08|10.00,10.00
0.05% [ 88.00 [100.00{ 18.00] 18.67130.06] 31.00{ 79.00 {8120 1895 ;899 17.50 |7.80
Mn{0.08%[52.50 |104.30] 18.50]19.00{30.00|31.0883.50 {8520 |8.99 [9.12 {800 [8.65
01 % [94.60 1106.10]18.80119.50|32.00] 33.60| 89.90 {94.80 [9.38 [9.42 9.85 (945

F’g’”‘”’ 1150 {1170 {21.50120.00{36.50]35.60] 106.0] 1102 | 1021 10.52) 11.40{9.90
FetZniVin
-10:08)

;’;)Z”*M“ 123.70] 125.30} 23.00| 21,00 40.00{ 40.90| 118.40{ 121.30{ 11.25] 11.00{ 12.67{ 11.95

LSD.5% {551 [562 (191 [1.94 [125 [156 [62] [698 |0.59 1062 (1.2 (123

119.40| 119.00422.50{21.00{ 37.801 36.00} 111.50] 114.10{ 10.88 | 10.59{ 11.50} 10.80

The beneficial effect of spraying cotton plants with micronutrignts on
growth parameters might be mainly due to iron as it is indispensable for the
synthesis of chlorophyll in green plants and as a part of the prophyrin compounds,
cytochrom enzyme system (Ferry and Ward, 1969 and Amberger, 1974). Also, Zn
is necessary in the synthesis of indole acetic acid, which is an important growth
hormone in plant growth (Mayer and Anderson, 1972). Concerning Mn it acts as
an activators of many enzymes and it is essential for formation of chlorophyli
(Pandy and Sinha, 1978) . Yu ef al. (1999) who reported that the beneficial effect
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of the nutrients on plant growth related to their role, since they acted like plant
growth hormones inducing the building of new meristematic cells and enhancing
cell elongation and the ability rate of wheat leaves for photosynthetic process.

These findings are in general agreement with those obtained by Girgis,
(1992); Wahdan et al.(1994); El- Kashlan ef af .(1995); Abd E!l-Shafy, (1998);
Badr et al. (1998); Darwish and Hegab, (2000}, Salem and Mohmed (2000);
Wassel et al. (2000); and Abd El-Shafy, et al . (2001) .

2- Yield and its components:-

Data listed in Table (3) reveal that the yield and its components of cotton
plants significantly increased by increasing the rates of Fe, Zn or Mn in first
season compared with the control plants. Best results were obtained with the rate
of 0.1 % for ecach element, an increase of, 14.29, 13.71 and 8.00 % for average
number of bolls / plant; 45.28, 22.32 and 30.36 % for average number of open
bolls / plant; 19.50,19.00 and 12.50 % for average weight of dry open boll; 30.81,
36.73 and 27.14 % for average weight of seeds / plant and 28.49 and 28.45, 34.57
and 27.16 % for average seed cotton yield / fed., was observed .

The yield and its components of cotton plants were increased by
increasing the rates of combination between Fe, Zn and Mn from the rates of
0.05, 0.08 to 0.1 %. The increments were, 17.71, 21.14 and 28.57 % for average
number of bolls / plant; 47.32, 58.04 and 69.64 % for average number of open
bolls / plant; 20.50, 24.50 and 26.50 % for average weight of dry open boll;
31.08, 39.36 and 47.83 % for average weight of seeds / plant and 43.96, 53.45
and 65.52 % for average seed cotton yield / fed., respectively, for the three rates,
previously mentioned consequently at first season compared with the control. A
simifar trend was observed in the second season.

The positive effect of Fe, Zn and Mn application on the cotton yield and
its components may be attributed to enhancing vigorous growth (especially
number and ‘area of leaves) and thereby, increased the synthesis of organic
compounds, i.e. proteins, carbohydrates, amino acids and chlorophylls, that
reflect on cotton plant yield and its components i.e number of open bolls / plant;
weight of boll and yield of seed cotton / plant .

Also, the effect of micronutrients on plant growth may be attributed to
their role in transmission of electron from water to chlorophyll and producing
oxygen gas in the photosynthesis, in addition to their role in the nitrogen
metabolic through activated nitrite ruductase enzyme (Baza, 1981). Also, El-
Hamawi (1977) attributed the good effect of foliar spraying with trace elements
on average number of bolls / plant; average number of open bolls / plant; average
weight of boll and average yield of seed cotton / fed. to the role of trace elements
on fundamental metabolic reactions and accelerating protein synthesis which
affects boll development and formation All these results are in harmony with
those of Ziadah, (1991); Girgis, (1992); Girgis ef af. (1993); Wahdan et al. (1994);
El- Kashlan et af .(1995); Abd El-Shafy, (1998); Badr et al. (1998); Darwish and
Hegab, (2000); Salem and Mohmed (2000); Wassel ef al. (2000); Abd El-Shafy et
al . (2001) and El-Yazal- Sawsan, and El-Sayim (2004) .
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Table (3): Effect of solely and combined application of Fe, Zn and Mn on
cotton yield and its components grown in newly reclaimed sandy

soil.

Characters

Av, number
of bolls / plant

Av, humber
of open boils /
plant

Ay . boll
weight @

Av. seed
cotton yield /
plant

Av. seeds
yield / plant

Season
Treatments
Control
0.05%
0.08%.
0.1 %
0.05%
0.08%%
0.1 %
0.05%
(1.08%
0] Ve
FetZirtMn
0.05)
FetZortMn
(0.08)
FetZntMn (0.1)
LSD.5%

2003

15.52
16.99
18.75
2060
19.00
20.00
2145
16.55
17.50
19.00

20.50

2002 | 2003

1160 | 1225
1285 | 1380
1375 | 1400
1490 | 1526
1415 | 1445
1525 | 1478
1561 | 1640
1285 | 1297
1340 § 1386
1475 | 1499

1670 | 1692

2003

209
2.17
222
245
218
224
236
212
2.18
227

244

2002

1522
16.85
18.50
19.91
18.95
20.52
20.81
16.00
17.63
1935

19.95

2002

200
2.10
22
239
215
221
2.38
210
215
225

241

2002 | 2003

1120 | 12.00
11.90 | 12.80
12.50 | 13.00
12.80 { 13.70
12.50 [ 12.40
1340 [ 13.00
1370 [ 1350
12.80 { 13.20
13.81 | 13.60
14.60 | 14.90

16,50 | 16.80

2002

17.50
18.80
19.30
20.00
19.00
19.00
19.90
17.80
18.50
18.90

2060

2003

18.60
19.00
19.70
20.00
19.30
19.50
20.50
18.80
19.30
19.60

2140

Fe

In

Mn

1794

1900
51.90

247

2.55
0.06

2140

23.30
1.33

1780

1920
58,00

2121

2.5
128

17.50

19.10
0.66

249

253
0.04

17.70

19.00
0.63

2120

22.50
040

2170

21.90
0.55

3- Chemical constituents; -
3-1-N, P, K, Fe, Zn and Mn concentrations in leaves:

Pata presented in Table (4) show that the foliar spraying plants with the
highest rates of Fe (0.1 %) significantly increased the concentrations of N, P, K,
Fe, Zn and Mn in the dry leaves of cotton plants. The increments revealed, 10.835,
21.05, 32.50, 73.24, 48.8 and 44.86 %, respectively. The same trend existed
obtained by applying Zn or Mn alone at the same rate (0.1 %), being, 16.74 and
9.05 %; 31.58 and 31.58 %;43.33 and 52.50 %; 47.89 and 35.49 %; 171.76 and
28.24 % and 59.46 and 112.4 %, respectively . .

The concentrations of N, P, K, Fe, Zn and Mn in dry leaves of cotton
plants were affected greatly by the combination of the three clements, especially
with the highest rate of (0.1 %) . The percentages of increase were, 28.05, 57.89,
68.33, 11915, 204.58 and 169.20 %, respectively, at the first season compared
with the untreated plants . The same trend was observed in the second seasen.

Increasing N, P, K, Fe, Zn and Mn concentrations in dry leaves of cotton
plants due to foliar spraying of micronuirients may be attributed to their role in
increasing plant capacity to absorb nutrients, which increased root surface per soil
volume unit, in addition to the high capacity of the plants supplicd with
micronutrients in building metabolites, which in turn greatiy contnbute in the
increase of nutrients uptake .
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Table (4): Effect of solely and combined application of Fe, Zn and Mn on
concentrations and total uptake of N, P, K, Fe, Zn and Mn of
cotton plants grown in newly reclaimed sandy soil.

Characters| N% P% K% Fel{'f"g)’ £ Zn];ag-; & M;%’ s

Season

Treatments

Control 221 j226 10.19 [020 {120 {1.25 {355 }]422 1131 J1.35 |1.85 1200

0.05% (231 {2.38 {021 [023 132 |140 {548 {595 {161 {159 {218 {223

Fe |0.08% (233 [2.39 {021 (024 (149 {152 |5.97 |642 [183 11.86 |229 [235

0.1% (245 1248 }023 1025 |1.59 |1.65 16.15 (653 {195 |1.96 |2.68 |2.61

0.05% 12.38 (241 {022 023 {131 |1.42 ;1400 [465 [2.35 {254 {1.95 {218

Zn [008% (248 |252 {024 (023 [141 {152 [4.86 {497 |3.19 }3.58 1199 |220

0.1% (258 12.68 {025 J026 |172 |1.82 [525 {539 [3.56 13.50 12.95 1285

0.05% [227 (229 [023 (022 |162 {181 {391 398 J138 {148 [3.25 [3.15

Mn 0.08% {235 12,33 1024 1024 j1.71 [1.93 [4.16 {429 [1.51 {155 ]348 1329

0.1% [241 {241 {025 {026 |1.83 1.95 |4.8! 495 |168 |1.56 [3.93 [3.50

ge:"s)b-!-Mn 269 1273 (026 {027 1191 | 197 |625 |691 [3.92 |3.69 |421 {439
FetZntVin
0.08)

FetZirtMn
©.1 |
L3D.5% (0.08 |0.10 {0.03 j0.03 j022 1024 {102 [1.09 {055 [061 [0.16 {019

2002 | 2003 {2002 (2003 [ 2002 {2003 | 2002 12003 | 2002 12003 | 2002 2003

275 [279 1028 1029 {195 198 [7.52 |7.5% |395 {374 {486 |4.95

283 (289 030 |0.32 1202 215 |7.78 (775 13.99 |395 |498 )5.12

3-2- Total carbohydrates, total chlorophylls and caretenoids concentrations
in leaves:-

Data in Table (5) show that spraying cotton plants with Fe, Zn and Mn
either alone or in combination significantly increased organic compounds such as
total carbohydrates, total chlorophyils and carotenoids concentrations in leaves at
the first season compared with the untreated plants especially at the highest rate
of 0.1 % . The increments resulting by the application of Fe, Zn or Mn were,
32.70, 39.58 and 31.94 % for total carbohydrates; 53.63, 56.26 and 50.55 % for
total chlorophylls and 40.00, 64.57 and 26.29 % for carotenoids concentrations,
respectively, A combipation of Fe, Zn and Mn nutrients (especially at rate of 0.1
%), also, greatly increased the total carbohydrates (71.90 %}, total chlorophylls
(95.82 %) and carotenoids (98.86 %) concentrations in leaves (especially at the
highest rate of 0.1 %) at the first season compared with the untreated plants.

It is well known that Fe is essential for chlorophyll synthesis, Zn and Mn
are involved in several enzymes attributed to carbohydrate and protein
inctabolism and also comes through the synthesis of indole acetic acid (Zn)
(Hearn, 1981) . Ahmed (1977) reported that chloroplast pigments contents in
cotton leaves increased by apphcanon of Fe, M and Zn .
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3-3- Crude proteins and oil concentrations in seeds:

Data presented in Table (5) indicated that both crude protein and oil
concentrations in cotton seeds were increased by increasing the rate of Fe, Zn and
Mn application each alone, especially at the highest rate of 0.1 %,being, 12.17
and 12.60 %; 15.94 and 21.67 % and 10.14 and 16.01%, respectively and
consequently, at the first season as compared to the untreated plants .

Table (5): Effect of solely and combined application of Fe, Zn and Mn on
total carbohydrates, total chlorophyll, carotenoids, seed crude
protein and seed oil of cotton plants grown in newly reclaimed

sandy soil.
Total Total

Carotenoids | Seed crude
Charsciers carbohydrates | chiorophyll - Seed oil %

Yo imleaves | Y inleaves | o M ieaves | protein %

Season

Irestments 2002 | 2003 12002 | 2003 | 2002 | 2003 | 2002 | 2003 | 2002 | 2003
Control 2630 {2695 {455 [48 175 [1.85 ;17251821 )15.00]15.51

0.05% 2821 [2850 |598 1610 §2.18 |220 11788 | 1868 [162] | 1632
Fe |0.08% 3261 (3342 [631 [638 235 |233 |18.33 | 1885 [1649 (1652
01% 3490 (3432 1699 (686 1245 1249 [1994 11900 [ 1689 | 16.94
0.05% 2922 13060 1615 621 |2.22 1224 18451909 1731|1785
In |0.08% 3290 |3380 |682 |695 233 1236 11921 119.79 [16.75 [16.99
01% 3671|3683 |711 {731 (288 250 [20.00)2045|1925|17.82
0.05% 2900 (2909 [582 573 ]2.00 j208 [1800]i835|16.73]16.78
Mn |0.08% 3015 3121 593 (597 |209 |2.12 |18.68|18.83 [16.80 116.98
01 % MU0 {3502 [625 [622 [221 (228 [1900119.15 (1741 [1768

(‘:fg"“‘“ 3725 [3920 |785 [794 (303 258 |2089 21001981 1876

mb’" 4000 |4350 (812 {828 |316 [280 |2181 (2193|1901 f1991
FetZatMn 1) [4521 |4681 1819 896 [348 |300 | 2210|2275 [21.30 {2021

LSD.5% 156 1165 1131 142 041 015 |0.09 1012 063 069

A significant increase in crude proieins and edible oil concentrations in
cotton seeds was obtained by the treatment of Fe, Zn and Mn nutrients at the rates
of 0.05, .08 and 0.1 %, attained, 21.10 and 32.07 %; 26.43 and 32.73 % and 28.12
and 42.00 %, respectively, at the first season as compared to the control plants .
Similar trend was noticed at the second season .

The positive effect of Fe, Zn and Mn application on chemical
constituents of cotton plants may be attributed 1o enhancing vigorous growth
(especially leaves number and arca) and hence, increasing organic compounds
synthesis, i.e. proteins, carbohydrates, amino acids and chlorophylls.

The results showed that micronutrients play an importaut role in
formation of crude proteins and oil concentrations in seeds, where Fe, Zn and Mn
share in reduction of nitrates and sulphates, protein synthesis and perform
important functions in metabolism (Hearn, 1981) .
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In gencral these results are in agreement with those reported by Girgis,
(1992); Wahdan et al.(1994); El- Kashlan er al (1995); Abd El-Shafy, (1998);
Badr et al. (1998), Darwish and Hegab, (2000); Salem and Mohmed (2000),
Wassel et al. (2000); and Abd Ei-Shafy et af . (2001) on cotton plants; El-Yazal-
Sawsan and El-Sayim (2004) on wheat plants; Mohamed et al . (2000) on black
cumin and Mohamed ef af . (2001) on Roselle plants .

4 -Anatomical studies:
4 -1- Stem structure:

It is clear from the data in Table (6) and Figure (1) that treated plants
with micronutrients (Fe, Mn and Zn at the rates of 0.03, 0.08 and 0.1 % for each
element) either alone or in combination had a stimulative effect on the structure
of stem tissues especially at the highest rate (0.1 % . Plants treated with the Mn
element alone showed a better affect than that at Fe or Zn . The best recorded
results of the stem tissues were obtained by the treatment Fe + Mn + Zn at the
highest rate (0.1 %) followed by the treatment Fe + Mn + Zn at the rate (0.08 %).
the increments were, 40.0 and 36.2 % in section diameter; 33.3 and 183.3 % in
average cortex thickness; 12.5 and 75 % in number of corucal layers; 18.1 and
52.1 % in average diameter of cortical cells: 75 and 23 % in average vascular
cylinder thickness,; 106.3 and 33 % in average number of xylem vessels; in
average diameter of metaxylem vessel; 24.3 and 16.2 % in average pith thickness:
20,0 and 14.3 % in average number of pith layers and 9.5 and 7.6 % in average
diameter of pith cells, respectively, compared with the untreated plants .

4 -2- Leaf structure:

Data prescnted in Table (7) and Figure (2) show that the foliar spraying
of cotton plants with micronutrients (Fe, Mn and Zn) even alone or in
combination had a stimulative effect on leaf blade tissues . The high levels of
micronutrients (0.1 %) clearly increased leaf tissues and the arrangement of leaf
blade tissues was as follow: Mn > Zn > Fe . The combination of the three
clements showed better effect on leaf blade tissues especially at the rates of 0.1 %
then 0.08 %, the increase reached, 44.4 and 40.0 % in medvein thickness;81.8 and
72.7% in lamina thickness;, 100 and 100 % palisade tissues thickness; 100 and
71.4 % for spongy tissues thickness; 86.7 and 66.7 % in length and 68.0 and 80.0
% in width of vascular bundle; 96.2 and 84.6 % in number of xyvlem vessels and
35 % for average diameter of metaxylem vessels, respectively, comparing with
the control ptants .

The stimulative effect of micronutrients (Fe, Mn and Zn) applied either
alone or in combination on cotton stem or leaf blade tissues may be due to the
role of micronutrients as co-factors for many enzymes included metabolic
processes and synthesis of auxins, which stimulate cell division and expansion.

The stimulative role of micronutrients on several plants was reported by
Mohamed, (1989) on chamomile and fenne! plants and Mohamed et al., (2001) on
roselle plants |



Cimm

Figure (1): Transcctions . of ster cotton pl;int (7" i"nt'ern'ude ) as affected by e, Mn and Zn and their interactions.

{ ¢x = cortex, pi = pith , ve = vascuiar cylinder and xv = xylem vessel )

a- control treatment { tap water ). b- The treatment, Fe (0.1 %) ¢- The treagmeat, Zn ( 0.1%).
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d- The treatment Mn (0.1%).
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Figure{ 2 ): Transections of leaf cation plant ( 7 " Jeaf } as affected by Fe, Mn and Zn and their interactions.

{ mi = midvein , vb = vascular bundie and bl = blade )

a- control treatment ( fap water ). b-'The treatment, Fe (0.1 % ). «¢- The treatment, Zn ( 0.1%)
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Table (6.): Anatomical observations on cotton stem plant grown in newly

reclaimed soil affected by micronutrients application .
Characters =
= = g ‘B%" ;é’ 'S‘g a ; E =
. 5 g B E, g gz E g EE‘ g%
M T R b
Treatments g 858283 %
Control 3000) 1501 8 | 188 60 | 26 [1850| 35 | 529
Fe (0.1%) 35001 200 § 10 | 200 550 150 | 28 | 1980 37 [ 535
7n (0.1%) 39001 350 ¢ 14 [250] 575 102 28 11990) 36 ) 553
Mn(0.1%) 3985) 400 | 14 (286 500§ 108 | 26 |2000! 36 ! 556
FetMmtZn
©.08%) 4085) 425§ 14 1307[575) 80 | 30 |2150, 40 | 538
FetMn+Za
01%) 42001225 | 9 | 250 680 | 200 | 30 JL2300 42 | 548

Av. = Average

Table (7): Anatomical observations on cotton leaf tissues grown in newly
reclaimed soil affected by micronutrients application.

_ |

Av. diameter of
wl‘i

<
length | width

Coatrol 125{ 225 | 100 | 75 | 375 | 625 | 130 | 20
Fe (0.1%) 1250 270 [ 125 | 80 [ 400 | 900 [ 238 | 22
Zn (0.1%) 1275 290 | 125 | 100 | 400 | 775 | 150 | 24
Mn(0.1%) 1350{ 300 | 140 | 120 | 500 | 850 | 216 | 25
Fe+Mm+Zn(0.08

P 1575( 380 | 190 { 130 | 625 | 1125 | 240 | 27
FetMn+Zn

©1%) 1625 400 | 200 | 140 | 700 | 1050 | 268 | 27
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