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ABSTRACT

Two field experiments were carried out at EI-Gemmeiza Agricultural Research Station, EI-Gharbia Governorate in 2014
and 2015 seasons, to study the effect of nano-fertilizer (Lithovit) rates (0, 2.5, 5 and 7.5 g/l) and foliar potassium fertilizer (in the
form of Potasin-P) rates (2.5, 5 and 7.5 cm*/l) under three planting dates (8 April, 8 May and 8 June) on leaves chemical
composition of the Egyptian cotton (Gossypium barbadense L.), cultivar Giza 86. Cotton plants were foliar sprayed with Lithovit
and Potasin-P at 45 and 60; 46 and 61 days after planting, respectively. Leaves N, P, K, chlorophyll a, b, total chlorophyill,
carotenoids and total carbohydrates contents were significantly affected by planting date in both seasons, in favour of early
planting date (8 April) compared to medium and late planting dates (8 May and 8 June). Delaying planting date significantly
increased leaf proline content and leaf peroxidase activity which indicate the presence of heat stress effect on the plant.Leaves N,
chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates contents were significantly affected by rates of Potasin-P
in both seasons, in favour of the medium rate of Potasin-P (5cm*/1). While, leaves P and K contents were significantly increased
by using the high rate of Potasin-P (7.5cm*/l). The medium rate of Potasin-P (5cm*/l) significantly decreased leaf proline content
and peroxidase activity which indicate favorable plant conditions.Leaves N, P, K, chlorophyll a, b, total chlorophyll, carotenoids
and total carbohydrates contents were significantly increased by each increment of nano-fertilizer (Lithovit). The inverse was
true in leaf proline content and peroxidase activity. The decrease in these traits induced favorable plant conditions and reflected
on reduce environmental stress effect. The second order interaction had a significant effect on all studied chemical composition
of leaves. Cotton plants sown on 8 April and sprayed with 5cm® Potasin-P /I and 7.5 g Lithovit/l recorded the highest values of
N, P, K, chlorophyll a, b, total chlorophyll, carotenoids and total carbohydrates content in leaves. In the contrary, this interaction
recorded the lowest values of leaf proline content and peroxidase activity which induced favorable plant conditions and reflect
on reduce environmental stress effect. It can be concluded that the mentioned interaction was the recommended treatment for
optimum chemical composition of cotton leaves under experimental conditions.

INTRODUCTION chlorophyll a, chlorophyll b, total chlorophyll and
Cotton (Gossypium spp.) is highly sensitive to carotenoids content compared to the other planting

environmental stresses. Singh et al. (2007) reported that dates (30 April or 15 May).

in the last century, carbon dioxide concentration [CO,] Although fertilizers are very imporyant for_ plant
has risen rapidly from about 350 mmol mol™* in 1980 to growth and development, most of the applied fertilizers

about 378 mmol mol™ at present. At the current rate of are rendered gnavailable t‘_) plants due to many factor§,
gas emissions and population increase, it is predicted such as Ieachlr_]g, degradatlo_n _by photolysis, hydrc_)ly_sw
that CO, will double by end of this century. These and _decomposn_lon. H_e_ncez Itis necessary to minimize
changes in CO, and other greenhouse gases are nytrlent losses in fertlll_zat_lon and to mcre_ase_the crop
predicted to increase surface mean temperature in the yield through the exploitation for new applications with

range of 1.4-5.8 °C. In this concern, Oosterhuis (1999) ~ the help of ~nanotechnology and = nanomaterials.
reported that the overall result of high temperature was Nanc_)tec_hnolo_gy opens  a large _Scope of novel
insufficient carbohydrates production to satisfy the app_llcatlon In the_ fields of blotechnglogy and
plant’s needs. Reddy et al. (1995) observed that net agF'C“““ra' _mdustrle_,\s, because. napopar'glcles have
photosynthesis in cotton was less at both higher and unique _phy5|coc_he_m|cal properties, 1. high surf_ace
lower temperatures than at optimum (28 °C). Net area, high reac_tlw_ty,_tunable pore size and particle
photosynthesis decreases with increasing temperature, ~ MorPhology (Siddiqui et al., 2015). Kumar (2011)

while dark respiration increases exponentially with r?tportetq thtat nano I_ertll:zirst_lr_lave :merlged als an
increasing temperatures (Bednarz and Van lersal, ~ &/€fnative to conventional Tertfizers tor slow release

2001). High temperature increases rates of and efficient use of water and fertilizers by plants.

photorespiration (Krieg, 1986), thus reduces net carbon These prevent byildup Of. the nutrients _in .the soil
gain in Cs species. Al-Khatib and Paulsen (1984) and thereby eliminating the risk of eutrophication and
Harding et al. (1990) detected differences in drinking water contamination. Lithovit is a naturally
photosynthesis under heat stress that were associated gccurr_mg COzh foliar hspra:y made ;rom q I|me|stor_1e
with a loss of chlorophyll and changes in the ratio of eposits. It enhances the plant growth and results in

chlorophyll a to b. El- Shazly et al. (1998) found that hihgh prOd#Ct?Vity by m;eqns of iglcre?ﬁingdthecrgtural
early planting date (March 15) significantly increased ~ Pnotosynthesis on supplying carbon dioxide (CO.) at

leaf concentrations of N, P and K in both seasons as ~ OPtimum concentration, which is_ much higher than in
compared to mid and Ia,te sowing dates (April 5 and the atmosphere and at the same time does not result in
April 26). Ali (2012) found that the total soluble &N increase of the CO. in the atmosphere which might
carbohydrates in the stem of cotton seedling was create a climatic problem particularly when the rate of
reached significantly to planting date in favor of early global warming looms large over agriculture. All

sowing. El — Ashmouny (2014) found that planting k/:thow; %artlcles d_o not rﬁ)_emletrate thehstolmata at opce.
cotton at 15 April give the highest values in leaf ost of them remain as thin layer on the leaves surface
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and penetrate frequently when they get wet by dew at
night.

Foliar feeding of potassium is of great
significance for plants because its includes low cost,
quick response to plant, small quantity of potassium
and it provides compensation for lack of soil fixation
(Ashfaqg et al., 2015). Cakmak et al. (1994) reported
that K nutrition pronounced effect on carbohydrates
partitioning by affecting either phloem export of
photosynthesis (sucrose) or growth rate of sink /or
sucrose’s organ. Dong et al. (2004) reported that
potassium deficiency is closely associated with low
chlorophyll content, decreased stomatal conductance,
poor chloroplast and increased mesophyll resistance.
Reddy and Zhao (2005) found a significant difference
in leaf chlorophyll content among K treatments (control
and 40, 20, 5 and 0% of the control K).

The objective of this study was to determine the
interactive effects of potassium fertilizer (in the form of
Potasin-P) supply at the three rates and nano-fertilizer
(Lithovit) at the four rates on cotton leaves chemical
composition under three planting dates under the
environmental conditions of EI-Gharbia Governorate.

MATERIALS AND METHODES

Two field experiments were conducted on a clay
soil at EI-Gemmeiza Agricultural Research Station, El-
Gharbia Governorate, Egypt in 2014 and 2015 seasons,
to study the effect of nano-fertilizer (Lithovit) rates (O,
2.5, 5 and 7.5 g/l) and foliar Potasin-P rates (2.5, 5 and
7.5 cm/l) under three planting dates (8 April, 8 May
and 8 June) on leaves chemical composition of the
Egyptian cotton, cultivar Giza 86.

The preceding crop was
(Trifolium alexandrinum L.,) “berseem”
seasons.

Representative soil samples were taken from the
experimental soil sites before sowing in both seasons
and prepared for analysis to determine chemical
properties according to Jackson (1973) as shown in
Table (2).

Egyptian clover
in both

Table. 1. Chemical properties of the experimental
soil sites in the two seasons.

The different constituents of Lithovit

illustrated in Table 2.

were

Table 2 . Main characteristics of Lithovit used in
the study
Component
0,
Component (%) Value (%) Value
Calcium 79.19  Sulphate 0.33
carbonate
Nitrogen 0.06 Iron 1.31
Phosphate 0.01 Zinc 0.005
Potassium oxide  0.21  Manganese 0.014
Magnesium
carbonate 4.62 Copper 0.002
Selisium dioxide 11.41 Clay 0.79

Properties Season Properties Season
2014 2015 2014 2015

pH 8.1 7.8 CationsMeg/I

EC mmhos/ cm. 0.230.26 Ca™" 1.17 1.33

Organic matter % 159 1.29  Mg™" 0.7 0.84

Total N (mg/100g)  55.6515.15  Na* 3.18 3.40

Available N (ppm)  28.1 21.3 K* 0.14 0.10

Available P (ppm) 11.8 10.7  Anions

Exchangeable K (ppm) 354 312 Meg/I

Available Fe (ppm) 11.8 106 CO5” - -

Available Mn (ppm) 3.1 3.8 HCOjg 0.87 0.90

Available Zn (ppm) 1.3 1.1 Cr 222241

Available Cu (ppm) 3.5 3.22 SO, 2.10 2.36

A strip split plot design with four replicates was
used in both seasons. The horizontal plots were
assigned to planting dates, the vertical plots to Potasin-
P rates and sub-plots to nano-fertilizer (Lithovit) rates.
The plot size was 14 m? (4 m x 3.5 m). Each plot
included 5 ridges 70 cm apart. Phosphorus fertilizer
was applied during soil preparation in the form of
calcium super phosphate (15.5 % P,Os) at a rate of 22.5
kg P,Os /fed. Sowing took place on the studied dates.
Seeds of Giza 86 cultivar were sown in hills 25 cm
apart with two plants /hill after thinning. All plots were
fertilized at a rate of 45 kg N / fed in the form of
ammonium nitrate (33.5 % N) in two equal doses, the
first dose was added after thinning (before the first
irrigation), while the second dose was applied before
the second irrigation. Potassium fertilizer (in the form
of Potasin-P) was applied as foliar spray at the tested
rates.

Solutions of Potasin-P (30% K,0+5% P,0s) and
Lithovit with the mentioned concentrations were used
as foliar spray on cotton plants twice at 46 and 61; 45
and 60 days after planting, respectively.

The other cultural practices were carried out as
recommended for conventional cotton seeding in the
local production district.

Ten leaves (fourth upper leaf) were randomly
taken from plants of each plot at 75 days after sowing
to determine mineral elements, photosynthetic pigments
and total carbohydrates in both seasons and proline
concentration and determination of enzyme activity in
the first season, only. N was determined in leaves by
microkjeldahl, P by spectrometer, K by flame
photometer, photosynthetic pigments (chlorophyll a,
chlorophyll b, total chlorophyll (a+b) and carotenoids)
by spectrophotometer model 390 and total
carbohydrates by spectro-colorimetrically as described
by A.O.A.C. (1995). Proline concentration was
measured by colorimeter according to the method of
Bates et al. (1973) and peroxidase activity was
determined according to the method of Fehrman and
Dimond (1967).

Statistical analysis

The statistical analysis of the obtained data was
done and performed according to Le Clerg et al. (1966)
using M State-C microcomputer program for strip split
plot design, and the treatments means were compared
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using LSD at 0.05 level of probability (Waller and
Duncan, 1969).

RESULTS AND DISCUSSION

1-Effect of planting dates:

Planting dates had significant effect on leaf N, K,
chlorophyll a, b, atb, carotenoids and total
carbohydrates content at 75 days from planting in both
seasons (Tables 3, 4 and 5). Early planting date (8
April) resulted in significant increase in these traits as
compared to mid and late planting dates (May 8 and
June 8). In contrary, late planting date recorded the
lowest values of these traits. This could be explained on
the basis of air temperature and heat units, where in
delaying planting date accumulated temperatures
degrees above the zero point of growth were increased
and consequently respiration increase and in turn leaf
total carbohydrates content decreased. In this concern,
Perry and Krieg (1981) reported that temperatures
exceeding 32°C are associated with a decrease in
photosynthesis and carbohydrates production. Burke et
al. (1988) reported that the temperature ranges of cotton
for optimal metabolic activity, known as the thermal
kinetic window, is 23-32 °C with the optimum for
photosynthesis at 28°C. Al- Khatib and Paulsen (1984)
and Harding et al. (1990) detected similar differences in
photosynthesis under heat stress that were associated
with a loss of chlorophyll and changes in the ratio of
chlorophyll a to b. El-Shazly et al. (1998) found that
early planting date (March 15) significantly increased
leaf concentration of N, P and K in both seasons as
compared to mid and late sowing dates (April 5 and
April 26). Ali (2012) reported that average total soluble
carbohydrates tended to be decreased drastically as
planting date was delayed. EI — Ashmouny (2014)
found that planting cotton at 15 April give the highest
values in leaf chlorophyll a, chlorophyll b, total
chlorophyll and carotenoids content compared to the
other planting dates (30 April or 15 May).

Delaying planting date significantly increased
leaf proline concentration and peroxidase activity
(Table 5), which indicated unfavorable plant conditions
and this reflect on increase environmental stress effect.
In this concern, Ronde et al., (2001) found that proline
accumulation in high temperature in cotton leaves.
Peroxidase is antioxidant enzyme that is very good
biochemical marker for stress and increasing its activity
could have a remediation potential (Zembala et al.,
2010).
2-Effect of Potasin-P rates:

Significant differences among the three rates of
Potasin-P for leaves N, P, K, chlorophyll a, b, a+b,
carotenoids and total carbohydrates content at 75 days
from planting in both seasons were found, in favor of
foliar spraying the medium rate of Potasin-P (5 cm?/l)
for leaves N, chlorophyll a, b, at+b, carotenoids and
total carbohydrates content in both seasons and in favor
of the high rate (7.5 cm*/l) for leaves P and K contents
in both seasons. The significant increase in leaves P and
K content due to applied Potasin-P at the high rate (7.5

cm®l) over the other two rates is mainly due to the
constituents of Potasin-P (30% K,O and 5% P,0s). In
contrary, the medium rate produced the lowest values
of leaves proline concentration and peroxidase activity,
which indicated that this rate induced favorable plant
conditions and this reflect on reduce environmental
stress effect. In this concern, Cakmak et al. (1994)
reported that K nutrition pronounced effect on
carbohydrates partitioning by affecting either phloem
export of photosynthesis (sucrose) or growth rate of
sink /or sucrose’s organ. In addition, K has an
important role in the translocation of photosynthates
from sources to sinks. Zhao et al. (2001) reported that
the K deficient plant leaves were filled with more starch
granules and fewer grana as compared to K sufficient
plants. Dong et al. (2004) reported that potassium
deficiency is closely associated with low chlorophyll
content, decreased stomatal conductance, poor
chloroplast and increased mesophyll resistance and
Reddy and Zhao (2005) reported that plants receiving 5
and 0 % K had 12 and 38% lower chlorophyll content
than the control, respectively.

Table. 3. Effect of planting date, Potasin-P rate and
Lithovit rate as well as their interactions on
leaves nitrogen, phosphorus and potassium
contents (%) in 2014 and 2015 seasons.

N (%) P (%) K (%)
2014 2015 2014 2015 2014 2015
Season season season season season season

Treatments

A-planting date
8 April 342 345 051 054 347 362
8 May 337 339 045 047 333 357
8 June 324 326 033 033 321 326

LSD 0.05 0.02 001 001 0.02 0.03 0.01
B-Potasin-P
rate
25cm?/l 333 33 042 043 331 343
50cm?/I 337 340 043 045 335 349
7.5cm?/l 333 33 045 046 336 3.53
LSD 0.05 001 001 001 001 0.01 o0.01
C-Lithovit rate
without 327 328 037 039 327 341
254/ 333 335 041 043 331 345
504/ 336 339 045 047 336 3.50
7.5 g/ 341 344 048 049 341 356
LSD 0.05 0.02 001 001 001 001 o0.01
Interactions
AXxB NS *x NS NS *x NS
A x C **k ** ** ** ** **
B X C * NS NS *%* * **
A X B X C * ** * *%* ** **

3-Effect of nano- fertilizer (Lithovit) rates:

Leaves N, P, K, chlorophyll a, b, total
chlorophyll, carotenoids and total carbohydrates
concentrations were significantly increased by each
increment of nano-fertilizer (Lithovit). The inverse was
true in leaf proline content and peroxidase activity. The
decrease in these traits induced favorable plant
conditions and reflected on reduce environmental stress
effect.

The increase in leaves chlorophyll a, b and a+b
content due to the high rate of nano-fertilizer (Lithovit)
is mainly attributed with the high leaves N content of
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this rate (Table 3), which is an integral part of

chlorophyll  manufacture through photosynthesis

(Tucker, 1999). The positive response of cotton plants

to nano - fertilizer (Lithovit) as a foliar spray at the high

rate compared with unfertilized plants or the low rate is

mainly due to Lithovit contents of macronutrients (N, P,

K, Ca and Mg) and micronutrients (Fe, Zn, Mn and Cu)

as shown in Table (2) where:

Phosphorus is essential for the biosynthesis of
chlorophyll as pyridoxal must be present for its
biosynthesis. Phosphorus is involved in phosphoglecric
compounds and phosphoglycric acid which plays an
important role in CO, conversion to sugar (Uchida,
2000). Magnesium (Mg) is a constituent of the
chlorophyll molecule, which is the driving force of
photosynthesis (Tucker, 1999). Zinc is essential for
several biochemical processes such as cytochrome and
nucleotide synthesis, auxin metabolism, chlorophyll
production, enzyme activation and membrane integrity
(Uchida, 2000).

Table. 4. Effect of planting date, Potasin-P rate and
Lithovit rate as well as their interactions on
leaves chlorophyll a, chlorophyll b and total
chlorophyll contents in 2014 and 2015 seasons.

Chlorophylla  Chlorophyll b  Total chlorophyll
Treatments (mg/g dwt) (mg/g dwt) (mg/g dwt)
2014 2015 2014 2015 2014 2015
season season season Season season  season
A-planting
date
8 April 366 399 169 176 535 575
8 May 347 365 150 172 498 537
8 June 320 343 145 167 465 5.09
LSD 0.05 0.02 001 004 0.01 0.07 0.03
B-Potasin-P
rate
25cm*/l 336 342 136 142 472 484
5.0 cm?/l 363 387 193 206 556 5.93
75cm?/l 334 378 136 167 470 544
LSD 0.05 0.04 001 007 0.01 010 0.04
C-Lithovit rate
without 326 352 144 159 470 511
254/ 335 360 152 167 487 527
504/l 351 376 157 176 5.08 552
754/ 365 3838 165 189 530 572
LSD 0.05 0.02 002 002 0.01 0.04 0.03
Interactions
A X B *%* *% ** ** *% **
A X C *%* *% ** ** *% **
B X C *%* *% ** ** *% **
A x B x C ** ** **k **k ** **k

Zinc encourages green plastids enzymes and
delays the senescence of plant through increasing levels
of indole acetic acid (IAA) and chlorophyll. Zinc is
necessary for chlorophyll synthesis and
ATP/chlorophyll ratio. Although Mn is not a
constituent of chlorophyll, it helps in its formation
where, manganese assists iron in chlorophyll formation
(Lohry, 2007). Cu is part of the chloroplast protein
plastocyanin, which forms part of the electron transport
chain. Also, Cu may have a role in the synthesis and/or
stability of chlorophyll and other plant pigments
(Uchida, 2000). Because Cu is essential for chloroplast
functions, deficiency normally promotes chlorosis in
young growth. Consequently, Cu deficiency is most
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likely to be observed in high pH soils (Hull, 2002),
sulfur is necessary in chlorophyll formation (though it
isn't one of the constituents), Tucker (1999). Iron
promotes formation of chlorophyll. Iron is required for
various reaction steps in the biosynthesis of
chlorophyll, where iron plays a role in the formation of
amino leulinic acid, which is a precursor of chlorophyll
synthesis. It is essential for the synthesis of chlorophyll,
the green color of plants which functions in
photosynthesis but it is not part of the chlorophyll
molecule, Curie and Briat (2003). In this concern,
Pinter et al. (1994) found that cotton leaves in a free-air
CO, enrichment (550 pmol CO, mol™) plots had greater
chlorophyll a concentration than leaves in the ambient
air control plots (about 370 umol CO, mol™). Reddy
and Zhao (2005) found that leaf chlorophyll content did
not differ (P= 0.4) between plants grown under elevated

and ambient [CO,]. Dordas (2009) found that
manganese application increased the chlorophyll
content.

The superiority of the high rate as for leaves
carbohydrates content on the other rates is mainly refers

to the characteristics of Lithovit and its chemical
composition, where:
Potassium has an important role in the

translocation of photosynthates from sources to sinks
(Cakmak et al., 1994). Calcium aids in carbohydrates
translocation (Tucker, 1999). Magnesium (Mg) is a
constituent of the chlorophyll molecule, which is the
driving force of photosynthesis. It is also essential for
metabolism of carbohydrates (sugars). It facilitates the
translocation of carbohydrates (sugars and starches)
(Tucker, 1999). Phosphorus decomposes carbohydrates
produced in photosynthesis (Tucker, 1999). Phosphorus
is involved in phosphoglecric compounds and
phosphoglycric acid which plays an important role in
CO, conversion to sugar (Uchida, 2000), Since Cu is
required for the photosynthesis generation of reducing
power necessary for CO, fixation, an inadequate Cu
supply will reduce carbohydrates level and vegetative
growth rates. Photosynthesis involves the reduction of
carbon dioxide (CO,) while respiration is the oxidation
of carbohydrates back to CO,, Cu is an essential
participant in this process (Tucker, 1999). Ainsworth
(2008) reported that due to increased photosynthetic
activity, leaf nonstructural carbohydrates (sugars and
starches) per unit leaf area increase on average by 30—
40% under a free-air CO, enrichment (FACE) elevated
CO,.

Increasing Lithovit rate up to 7.5 g/l caused a
significant decrease in leaves proline content and leaf
peroxidase activity due to the following considerations:

Lithovit improves the supply of essential
nutrients such as manganese, copper, zinc, calcium,
iron, potassium oxide, nitrogen and phosphorus etc that
enhance the resistance to adverse conditions. Lithovit
fed cotton plant leaves with CO, gas from inside the
leaves at a much higher rate than in the air, thus
enhancing the basic process of photosynthesis and plant
growth which reflects on provide the best conditions for
plant growth. The high leaf nitrogen content due to this
rate (Table 3) makes these plants utilized of the
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absorbed light energy in electron transport and tolerant
to photo-oxidative damage under high intensity light
and consequently increases photosynthesis capacity.
Calcium is able to mitigate heat stress effects by
improving stomatal function and other cell processes.
Calcium is also believed to have an influence on the
development of heat shock proteins that help the plant
tolerance the stress of prolonged heat. Insufficient Ca

cells become leaky resulting in the loss of cell
compounds and eventually death of the cell and plant
tissue. Calcium plays a role in regulating various cell
and plant functions as a secondary messenger. This
function as a secondary messenger assists in various
plant functions from nutrient uptake to changes in cell
status to help the plant react to the impact of
environmental and diseases stresses

levels lead to deterioration of the cell membrane the

Table. 5. Effect of planting date, Potasin-P rate and Lithovit rate as well as their interactions on leaves carotenoids and
total carbohydrates content (mg/g dwt) in 2014 and 2015 seasons and leaves proline concentration and leaves
peroxidase activity in 2014 season.

2014 season
Proline (ug Peroxidase (O.D./g fwt
lucine/g dwt) after 2 minutes)

Carotenoids (mg/g dwt)
2014 season 2015 season

Total carbohydrates (mg/g dwt)

Treatments 2014 season 2015 season

A-planting date

8 April 1.59 1.60 0.935 0.951 242.66 0.187
8 May 1.27 1.31 0.847 0.865 264.68 0.193
8 June 1.21 1.23 0.817 0.826 286.46 0.201
LSD 0.05 0.02 0.01 0.010 0.001 5.33 0.003
B-Potasin-P rate

25cm?/l 1.22 1.23 0.862 0.868 269.20 0.196
50cmi/l 1.62 1.64 0.875 0.891 254.62 0.189
75cmi/l 1.24 1.27 0.862 0.882 269.20 0.196
LSD 0.05 0.03 0.01 0.002 0.001 1.33 0.003
C-Lithovit rate

without 1.23 1.24 0.842 0.859 279.30 0.200
2549/l 1.30 1.32 0.851 0.868 271.12 0.196
5.0 g/l 1.39 1.42 0.879 0.891 260.57 0.192
7.5 g/ 151 154 0.894 0.904 246.38 0.186
LSD 0.05 0.02 0.01 0.003 0.002 1.27 0.001
Interactions

A X B **k **k *k **k *% **k
A x C *%* ** *%* * ** *%x
B X C **k **k *k **k *%x **k
A X B X C **k **k *k * *x **k

Table. 6. Means of leaves nitrogen, phosphorus and potassium
content (%) as affected by the second order interaction
in 2014 and 2015 seasons.

4-Effect of the interactions:
The first order interactions gave significant

effects on traits under study and since the second order
interaction effect on these traits was significant we will

2014 season 2015 season
Planting Potasin- Lithovit rate (g/l) Lithovit rate (g/l)
date P 0 25 50 75 0 25 50 75

discuss the second order interaction effect only. (cm3/1) Leaves nitrogen content (%)

The second order interaction had a significant o Aol gg ggé g‘gg gjé g‘gi ggg g‘gi gég 2451‘71
effect on all studied chemical composition of leaves o e 333 398 342 345 334 342 347 349
(Tables 6-7-8). Cotton plants sown on 8 April and 25 330 332 339 342 329 335 343 345
sprayed with 5o’ Potasinp /l and 75 g Lithovitl %, 30 3% 3% 3% 3% 3% 5% o s
recorded the highest values of N, P, K, chlorophyll a, b, 25 316 321 321 331 315 322 323 335
total chlorophyll, carotenoids and total carbohydrates  8June 32 gig ggg ggj ggg g% ggg ggg ggg
content in leaves. In the contrary, this interaction | spoos ' ' T 005 ' ' T 002 '
recorded the lowest values of leaves proline content and s‘immg Potgsm- Leaves phosphorus content (%)

. . . - - ate -
peroxidase activity which induced favorable plant (cm3/l)
conditions and reflect on reduce environmental stress 25 043 049 053 056 045 048 055 058
effect 8 April 50 043 048 055 056 046 051 058 059

. 7.5 047 051 056 059 047 053 059 0.61

It can be concluded that the mentioned . gg gg; g-ﬁ gg ggi gii g-ig 82; 832
interaction was the recommended treatment for 75 040 044 050 053 042 046 051 053
optimum chemical composition of cotton leaves under 25 029 030 033 035 028 031 032 0.35
experimental conditions. In this regard, Ozbun et al. 8% 29 0% 0% 033 0% 030 033 0% 0%
(1965 a, b) reported that potassium deficiency decreases LSD 0.05 _ 0.01 _ 0.02
photosynthesis through a reduction in both leaf area and g;‘;‘“”g P("C‘rfé;‘lf Leaves potassium content (%)
in net CO, fixation. REddy and Zhao (2005) reported 25 338 342 343 350 349 354 356 3.61
that elevated atmospheric [CO,] increased not only the 8 April 32 233 g-jg ggé gg; ggg ggg ggg g;g
amount of K nutrient required but also the sensitivity of 95 392 398 332 339 343 349 353 3.56
response to leaf K concentration. 8 50 326 331 334 342 348 357 362 3.68

May 7.5 329 333 339 343 351 359 367 371
2.5 310 317 323 323 317 319 325 3.28
8 June 50 315 319 324 326 320 323 327 331
7.5 318 322 324 329 324 325 331 338
LSD 0.05 0.02 0.02
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Table. 7. Means of leaves chlorophyll a, chlorophyll b and total chlorophyll content as affected by the second order

interaction in 2014 and 2015 seasons

2014 season

2015 season

Planting date Potasin-P Lithovit rate (g/l) Lithovit rate (g/l)
(cm®/) 0 25 5.0 7.5 0 25 5.0 7.5
Leaves chlorophyll a content (mg/g dwt)
25 3.37 3.49 3.67 3.81 3.38 3.59 3.70 3.85
8 April 5.0 3.73 3.75 3.89 4.02 4.03 4.05 4.29 4.39
7.5 3.30 3.43 3.62 3.80 4.00 4.03 4.24 4.33
25 3.19 3.20 3.39 3.64 321 3.24 3.49 3.71
8 May 5.0 3.49 3.62 3.76 3.84 3.64 3.71 3.87 3.99
7.5 3.18 3.24 3.48 3.61 3.60 3.68 3.83 3.87
25 2.95 3.06 3.20 3.31 3.03 3.10 3.29 3.43
8 June 5.0 3.22 3.30 3.39 3.49 3.43 3.61 3.70 3.78
7.5 2.88 3.06 3.20 3.32 331 3.39 3.47 3.59
LSD 0.05 0.07 0.05
Planting date Potasin--P-P (cm*/1) Leaves chlorophyll b content (mg/g dwt)
2. 1.39 1.45 1.53 1.64 37 145 1.55 1.72
8 April 5.0 1.98 2.04 211 2.16 2.01 211 2.16 2.22
7.5 1.36 1.48 151 1.63 141 151 1.72 1.92
25 122 1.23 1.29 1.47 127 131 1.38 1.37
8 May 5.0 1.86 1.89 1.95 1.98 1.89 1.98 2.07 2.03
7.5 1.23 122 1.34 1.38 1.69 1.83 191 1.86
25 1.14 1.24 1.29 1.37 1.33 1.34 1.39 1.53
8 June 5.0 1.69 1.84 181 1.87 1.95 1.99 212 2.13
7.5 1.14 1.29 131 1.37 1.42 1.49 1.55 1.73
LSD 0.05 0.05 0.03
Planting date Potasin--p-P(cm*/l) Leaves total chlorophyll content (mg/g dwt)
25 4.76 4.94 5.20 5.45 4.75 5.04 5.25 5.57
8 April 5.0 571 5.79 6.00 6.18 6.04 6.16 6.45 6.61
7.5 4.66 491 5.13 5.45 541 5.54 5.96 6.25
25 441 4.43 4.68 511 4.48 4.55 4.87 5.08
8 May 5.0 5.35 551 5.71 5.82 5.53 5.69 5.94 6.02
7.5 441 4.46 4.82 4.99 5.29 551 5.74 5.73
25 4.09 4.30 4.49 4.68 4.36 4.44 4.68 4.96
8 June 5.0 491 5.14 5.20 5.36 5.38 5.60 5.82 5.91
7.5 4.02 4.35 451 4.69 4.73 4.88 5.02 5.32
LSD 0.05 0.09 0.09
Table. 8. Means of leaves carotenoids and carbohydrates content (mg/g dwt) in 2014 and 2015 seasons, and leaves proline concentration
and leaves peroxidase activity in 2014 season as affected by the second order interaction.
Planting Potasin--p-P 2014 season 2015 season
date (cm®/1) Lithovit rate (g/1) Lithovit rate (g/1)
0 25 5.0 75 0 25 5.0 7.5
Leaves carotenoids content (mg/g dwt)
25 1.25 1.35 142 1.47 1.23 1.36 1.39 1.50
8 April 5.0 1.87 1.93 2.05 2.06 191 1.98 211 212
7.5 1.29 1.38 1.44 1.52 1.25 1.37 1.40 1.53
25 1.11 1.08 117 1.36 1.09 111 1.22 1.39
8 May 5.0 1.17 1.39 1.45 1.75 1.20 1.34 1.48 1.81
7.5 1.10 1.08 121 1.42 1.17 1.18 1.28 1.47
25 0.99 1.09 1.14 121 0.98 1.07 1.18 1.22
8 June 5.0 1.27 1.33 151 1.59 1.25 1.36 1.53 1.58
7.5 1.00 1.07 1.14 1.22 1.05 1.08 1.23 1.23
LSD 0.05 0.07 0.04
Planting date  Potasin--p-P (cm®/1) Leaves total carbohydrates contents (mg/g dwt)
2014 season 2015 season
25 0.894 0.912 0.950 0.963 0.904 0.914 0.953 0.969
8 April 5.0 0.911 0.923 0.964 0.975 0.930 0.944 0.989 0.992
7.5 0.896 0.909 0.968 0.958 0.918 0.929 0.976 0.990
2.5 0.820 0.824 0.849 0.877 0.839 0.847 0.854 0.870
8 May 5.0 0.833 0.842 0.867 0.896 0.858 0.871 0.883 0.900
7.5 0.812 0.821 0.853 0.874 0.850 0.852 0.871 0.891
25 0.802 0.807 0.815 0.830 0.805 0.813 0.822 0.832
8 June 5.0 0.810 0.814 0.827 0.842 0.813 0.824 0.840 0.851
7.5 0.803 0.806 0.816 0.830 0.810 0.819 0.834 0.845
LSD 0.05 0.010 0.004
Planting date  Potasin--p-P (cm®/) 2014 season
Proline (ug lucine/g dwt) Leaves Peroxidase (O.D./g fwt after 2 minutes)
25 269.80 257.81 237.05 221.52 0.193 0.191 0.186 0.182
8 April 5.0 250.90 239.58 228.33 207.28 0.188 0.186 0.185 0.178
7.5 282.62  257.02 237.02 223.02 0.196 0.192 0.185 0.182
25 283.04 277.80 265.23 259.21 0.203 0.198 0.193 0.190
8 May 5.0 262.15  254.49 248.69 243.92 0.196 0.191 0.188 0.181
7.5 279.32 279.11 265.50 257.66 0.202 0.198 0.193 0.189
25 303.54  294.97 289.86 270.58 0.213 0.209 0.202 0.194
8 June 5.0 291.14  286.40 281.94 260.67 0.199 0.196 0.194 0.189
7.5 301.17  292.89 291.54 272.84 0.211 0.208 0.202 0.194
LSD 0.05 3.82 0.002
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They concluded that elevated atmospheric [CO,]
stimulated cotton plant growth and biomass production
through increases in both leaf area and leaf net
photosynthesis, but didn't affect either leaf chlorophyll
or K concentrations.

Plants grown under elevated CO, conditions
required greater amounts of K and the plants were more
sensitive to K deficiency compared to plants grown
under ambient [CO,]. Reddy and Zhao (2005) reported
no interaction effect of CO, x K on chlorophyll was
found. Averaged across CO, treatments, the 40 and 20
% K treated plant had comparable chlorophyll with
those of the control. However, plants receiving 5 and 0
% K had 12 and 38% lower chlorophyll content than
the control, respectively.

REFERENCES

A.0.A.C. (1995): Association of Official Agriculture
Chemists. Official Methods of Analysis. 16" Ed.
A.O0.A.C. Virginia, D.C., USA.

Ainsworth, E. A. (2008): Rice production in a changing
climate: a meta-analysis of responses to elevated

carbon  dioxide and elevated ozone
concentration. Global Change Biology 14, 1642-
1650 (2008).

Ali, AAAE.F. (2012): Effect of some Agricultural
practices and temperature on Egyptian cotton
productivity. M.Sc. Thesis, Fac. of Agric.,
Assiut, univ.

Al-Khatib, K. and G. M. Paulsen (1984): Mode of high
temperature injury to wheat during grain
development. Physiol. Plant. 61, 363—-368.

Ashfag, A.; N. Hussain and M. Athar (2015): Role of
potassium fertilizers in plant growth, crop yield
and quality fiber production of cotton — An
overview FUUAST J. Biol., 5 (1): 27 — 35.

Bates, L. S.; R. P. Waldem and I. D. Teare (1973):
Rapid determination of free proline under water
stress studies Plant and Soil, 39: 205 - 207.

Bednarz, C. W. and M. W. Van lersal (2001):
Temperature response of whole-plant CO,
exchange rate of four Upland cotton cultivars
differing in leaf shape and leaf pubescence.
Commun. Soil Sci. Plant Anal. 32, 2485-2501.

Burke, J. J.; J. R. Mohan and J. L. Hatfield (1988):
Crop specific thermal kinetic windows in
relation to wheat and cotton biomass production.
Agron. J. 80, 553-556.

Cakmak, I.; C. Hengeler and H. Marschner (1994):
Partitioning of shoot and root dry weight and
carbohydratess in bean plants suffering from
phosphorus,  potassium and  magnesium
deficiency. J., Exp. Bot., 45: 1245-1250.

Curie, C. and J. F. Briat (2003): Iron transport and
signaling in plants. Annu Rev Plant Biol., 54:
183 206.

Dong, H.; W. Tang; Li. Zhenhual and D. Zhang
(2004): On potassium deficiency in cotton —
disorder, cause and tissue diagnosis. Agric.
Conspectus Scientificus, 69 (2 — 3): 77 — 85.

941

Dordas, C. (2009): Foliar application of Manganese
increases seed yield and improves seed quality of
cotton grown on calcareous soils. J. Plant
Nutrition, 32: 160-176.

El — Ashmouny, A. A. M. (2014): Effect of some bio-
regulators on cotton yield grown under different
planting dates and irrigation intervals. Ph. D.
Thesis, Fac. of Agric., Minufiya Univ.

El-Shazly W. M. O.; K. A. Zaiadah and M. F. EI-Masri
(1998): Response of extra-long staple cotton
cultivar, Giza 70 to a bioregulator PGR-1V rate
and time of its application under three planting
dates. J. Agric. Sci. Mansoura Univ., 23(2): 603-
631.

Fehrman, H. and A. E. Dimond (1967): Peroxidase
activity and phytophthora resistance in different
organs of the potato. Plant Pathology., 57: 69-72.

Harding, S. A.; J. A. Gurkema and G. M. Paulsen
(1990): Photosynthesis decline from high
temperature stress during maturation of wheat. I.
Interaction with senescence process. Plant
Physiol., 92: 648-653.

Hull, R. J. (2002): Copper management demands
attention. Plant Nutrition, July 2002.
Jackson, M. L. (1973). Soil Chemical Analysis.

Prentice Hall of Indian Private Limited, New
Delhi.

Krieg, D. R. (1986): Feedback control and stress effects
on photosynthesis. In “‘Proceeding of the
Beltwide Cotton Conferences,”” pp. 227-243.
National Cotton Council of America, Memphis,
TN.

Kumar, P. (2011): Nanotechnology in agriculture.
Financing Agriculture. 43 (10).

Le Clerg, E. L.; W. H. Leonard, and A. G. Clark
(1966): Field Plot Technique. Burgess Pub. Co.
Minneapolis, U.S.A.

Lohry, R. (2007): Micronutrients: functions, sources
and application methods. Indiana CCA Conf.

Proceeding.
Oosterhuis, D. M. (1999): Yield response to
environmental extremes in cotton. In

“Proceeding of the 1999 Cotton Research
Meeting”” (C. P. Dugger and D. A. Richter,
Eds.), pp. 30-38. National Cotton Council of
America, Memphis, TN.

Ozbun, J. I.; R. J. Volk and W. A. Jakson (1965 a):
Effects of  potassium  deficiency  on
photosynthesis, respiration and the utilization of
photosynthetic reluctant by mature bean leaves.
Crop Sci., 5: 69 — 75.

Ozbun, J. I.; R. J. Volk and W. A. Jakson (1965 b):
Effects of  potassium  deficiency  on
photosynthesis, respiration and the utilization of
photosynthetic reluctant by mature bean leaves.
Crop Sci. 5: 497 — 500.

Perry, S. W. and D. R. Krieg (1981): Gross net
photosynthesis ratios of cotton as affected by
environment and genotype. Proceedings of the
Beltwide  Cotton  Production  Research
Conference 1981, 51.



Attia, A. N. E. et al.

PinterJr,P. J.; S. B. Idso; D. L. Hendrix; R. R. Rokey;
R.S. Rauschkolb; J. R. Mauney; B, A. Kimball;
G,R. Hendrey; K.F. Lewin and J. Nagy (1994):
Effect of free-air CO2 enrichment on the
chlorophyll content of cotton leaves. Agric. and
Forest Meteorology, 70 (1-4): 163-1609.

Reddy, K. R. and D. Zhao (2005): Interactive effects of
elevated CO, and potassium deficiency on
photosynthesis, growth, and biomass partitioning
of cotton. Field Crops Res., 94: 201 — 213.

Reddy, K. R.; H. F. Hodges and J. M. McKinion
(1995): Cotton crop responses to a changing
environment. In ‘‘Climate Change and
Agriculture:  Analysis of Potential International
Impacts’” (C. Rosenzweig, J. T. Ritchie, J. W.
Jones, G. Y. Tsuji, and P. Hilderbrand, Eds.),
pp. 3-30. ASA Spec. Publ. No. 59, Madison, WI.

Ronde, J., A. Mescht and H.S.F. Steyn (2001):
Proline accumulation in response to drought and

Tucker, M. R. (1999): Essential plant nutrients: Their
presence in North Carolina soils and role in plant
nutrition.

Uchida, R. (2000): Essential nutrients for plant growth:
nutrient functions and deficiency symptoms.
Plant Nutrient Management in Hawaiis Soils.
Approaches for tropical and Subtropical Agric.,
Chapter 3: 31-55.

Waller, R. A. and D. B. Duncan (1969): A bays rule for
the symmetric multiple comparison problem. J.
Amer. Stat. Assoc.,1485-1503.

Zembala, M.; Filek, M., Walas, S., Mrowiec, H.,
Kornas, A., Miszalski, Z., Hartikainen, H.,
(2010): Effect of selenium on macro- and
microelement distribution and phys- iological
parameters of rape and wheat seedlings exposed
to cadmium stress. Plant and Soil, 329 (1-2),
457-468.

Zhao, D.; D. M. Oosterhuis and C. W. Bednarz (2001):

heat stress in cotton. African Crop Sci. J., 8(1): Influence  of  potassium  deficiency on
85-91. photosynthesis  chlorophyll ~ content  and
Siddiqui, M. H.; M. H. Al — Whaibi; M. Firoz and M. chloroplast ultrastructure of cotton plants.

Y. Al — Khaishany (2015): Role of nanoparticles
in plants. Nanotechnology and plant Sci., chapter
2:19-35.

Singh, R. P.; P. V. V. Prasad; K. Sunita; S. N. Giri and
K. R. Reddy (2007): Influence of high
temperature and breeding for heat tolerance in
cotton: A review. Advances in Agronomy, 93:
314-353.

Photosynthetic, 39: 103 — 109.

A o pssliglly (o i) I S s
o"m. 13 A
V) Gaal) e Aabia] plagdi B gan b ol g 2 S | o) dala danac Aghe dud) 0l saal
Anall paadyspan -5 palal) daala Ae )3 A4S Jualaal) aud’
Ao pd) Ay s s -8 adl-A0e ) 30 G gagll S s -0l &gy agaa’
A AL AT 010 Y ) £ s ge IS H el Adailae 5 Janlly Ao )l gl Adasay (llis (0 jaS y sal

(S /T V.00 00 Y 0) Capallign (e ¥ ame 0 () e (b sil) il slass e (U3 /a V.0 000 Y0 (52 ana
el (Sary AT 5 Caia Ghall (315 (s sbesl Sl e (R A sle Ac Janl A) ddline del ) de ) ge SO nd
Ol (e BlsY) Gsine (B dgine ) I (Jodd A) 230 4 sl dﬂi:g}arus Lo Jeanid) il aal
P Lﬁ u-\)AY\ u.mbudl.\:\j)ub:\.\lﬁ\ U\JJJAJ.\)SM cu\m})&\ 4#\ d.\é})}lﬁ\ [N ) d.\é”}ls c(a).w\.i}.\l\c))éu}ﬂ\‘
e Lae DS s sl il el g cds ol (e B1sY) ssine (B st 3305 I Aol dlasa il ool LS Grans sall
¢Sl 5 Sl ‘uﬁ‘ sl ¢ o T ddsslS ¢ il 0e A5l e il e glon dea) 25
}A;.ALAAAJ(J.J/ (u.uo).k.u:}.\,d\ Jaxall @Lald}s.\” OS Eua G- i gl &_IYJM.\L'}\MU.\M}A\&MN\ Sl g <
(G / "a0) Lo sial) Jonall alasiiad g LS (S MoV 0) ) (s sasall alaind Usina 31 pgmali sl ¢ sias il (pa 43 )
450 (s sina ol clall AaDle Cag yla ag ) ek Lae pasaS g ) il ol g 0l ) (e 48550 (5 sina A (5 sinae il )

L\}.uu Cpans gall (& IS ) Hou 50 ST el g ST ¢ JSI Jd g ) gIST ¢ o e [ISEPERS ca ol galle ) shus gélle Cpa g yiill (e
il By ol s sl (e 4855l (6 sina (8 (5 sie Gl Janall 134 aef LS (a_us}a.d) Sl sles e Jadl Jandll alasind
Ll 61)‘}!\ daall e el n_\‘).!\u.u.d\ Ay Jili o (pSaiy Lae il S u})L ‘)S}JGH ‘)AA.HJLM‘)JJMS}‘).L\M
(/a0 Jans siall Jancally 30 e 5,Sual) Ay o ) sl Al (g Jelial) il i LS ol can clieall e

s sinal aill el acl g & gina a.JLU gl 8 (b sy il slaw (e (Al Jaxal) e\;;.u\ A ALaYL o i gall (e
u-"““}’d\ @‘L\E}\ k_I\JJJA}JJSS\ “_1\3.\.\.\.\})\53\ ‘L_;Sl\ dﬁ})}m\ [y \ d.\ﬂ})}ls ‘(:)mhjﬂ\‘))sujﬂ\‘ u.\;}‘)uﬂ\ UAMJJS\
lill Gl g pla 858 ) el Lee aanS s sl s 3l bt g s ) (e 48 5)1 (5 53 (B (5 ime i Jeldill 138 lae LS
plasiuly dad e Y gl 8 5 Sl del pliuasill (S Gaw Leardua il Sl dea) QS e (el Laa
Sl dlaw e (5 Jaa V.0 all Jaxall g Aot )3l (e asy 1Y 5 £ 2my (e Al Gl 5 /Tan0 Jamay ooyl sl
ol sl siua sille G s il (g 315N (5 s el e Jpanllde) j3) o ps T s £0 day (i ya 4 iy (Cud 5id)
NS PER-PRSR PSR ISPt PP FPEP PR JEP PRI A FOP NN LSNPS RCARE PR N RN RS PEP N PRUER RS F PRPS
A a) ALl Al o gyl cant ;) slga ) s iy bl Juail i gl 8 gilas o0 g pudl

de),) a8 ga cad (g paal) AN (315Y (s sl quS

942



