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COTTON PLANTS
1- Vegetative growth and anatomical studies
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ABSTRACT
T wo pot experiments were carried out during 2005 2006 seasons at the Agricultural Botany

Department, Faculty of Agriculture at Moshtohor,nBa University to study the effect of

foliar spraying by potassium (125, 250 and 500 p@and boron(5,25 and 50 ppm.)on cotton
plants (Giza 67 cultivar)grown under soil moistieeels (20,40 and 60 %) of available soil moisture.

Plants were sprayed with potassium and boron thirees: after complete germination,
vegetative growth stage and before the flowerirmgest Vegetative growth and Anatomical studies
were done. The results obtained can be summargzéullaws:-

The treatments with B at 25ppm and K at 500ppm @@k6 of available soil moisture gave
the highest values of vegetative growth compareld thie control especially root length.

As for the anatomical, several alternations welisteda with different applied treatments. All
treatments gave the highest parameters in tramsfdions of tap root, main stem and leaf blade. The
best treatments were B at 25ppm and K at 500pprn @06 of available soil moisture. As for
stomatal number and dimensions (length and widtlihe lower epidermis of leaf blade were affected
by different applied treatments

INTRODUCTION

Cotton is the most important fiber crop in Egyptal as in the world, and it is one
of the bases of the economy of Egypt. Neverthelesthe cotton acreage in Egypt decreased,
there had to be way to increase cotton yield paranaa and area of cotton.

Water deficit or water stress occurred whenever Ittes of water through both
evaporation and mainly transpiration exceeds thte o absorption. Such deficit was
frequently reported under drought conditions on&torby (Waister and Hudson, 1970 and
Perepadya 1976) Water deficit was reporter to deser@lant growth (Swietligt al., 1982 a;
Tan and Buttery, 1982; Swietlik and Miller 1983;ybh& and Tan, 1984 and Proebstaigl.,
1984).

The effect of various soil moisture regimes on piowth revealed that growth was
affected by the amount of available water depldietbre the soil rewatered. Growth is
commonly used in reference to the height of planthe quantity of some particular plant
parts (Black, 1968). Water stress was found tocaffearticularly every aspect of plant
growth. Plant growth was directly related to theoamt of water applied (Hortost al.,
1982).

Drought tolerant plants classified into two groups., those that postpone
dehydration and those that tolerate dehydrationtppogment is accomplished by
mechanisms which either reduce transpiration oreame water absorption thus preventing
the cells of the plant from reaching detrimentalkv|cell water potentials. Dehydration,
tolerance: involves processes which allow the ptardurvive and / or grow after the cells
actually have been exposed to water deficits awdclkedl water potential (Kramer, 1969).

In Egypt, most of the new reclaimed soils suffemirwater deficit. This may affect
growth, leaf mineral content and many other phygjmal characteristics. It is characterized
by decrease in water content, osmotic potentialtatad water potential accompanied by loss
of turgor, close of stomata and decrease in gr@astivell as decrease in the photosynthesis
process.
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Several evidences indicate that there are changé iphotosynthetic pigments and
mechanism in the chloroplasts and those changi®e inltra structure may occur under water
stress (Hale and Crcutt, 1979).

Potassium foliar spraying helps to water translooain plant with nutrient elements
due to increased plant growth and helps to opiaimgjclosing stomata.

Boron is one of the essential elements for plaotvtn and Boron deficiency found
to effect plant growth because, B helps to traralioo and accumulation of carbohydrates in
borate complex (Ahmed, 2001).

MATERIALSAND METHODS:

This study was carried out at Experimental Statioin Agricultural Botany
Department, Faculty of Agriculture, Moshtohor, Bantiniversity during 2005 and 2006
seasons.

This investigation aimed to study the response atfoa Gossypium barbadense
Mill.) plant Cultivar Giza 67 to foliar sprays with patasn (125, 250 and 500 ppm.) and
boron (5, 25 and 50 ppm.) Under the different adéd soil water (A.W.), three levels (20,
40 and 60 %) pertaining the influence on some eirtmorphological and, photosynthetic
pigments and Anatomical studies. Therefore, théofad experiment were conducted each
included its own investigated above-mentioned tneats to study.

Seeds were sown in March ™tiring 2005 and 2006 seasons in pots (30 cm. in
diameter that were filled with 9 kg sand: clay swilture) like a completely randomized
block design with five replicates for each treatmeith mixture of sandy and clay soil (1:1
by volume). After emergence of seedlings, planteeveprayed with treatments (with 1ml/l of
Tween 20 as a wetting and spreading agent) thmestiafter complete seedlings emergence,
vegetative growth stage and before the floweriagest
The following measurements were recorded:-
1-Morphological characters:-

The following different morphological charactersrevaneasured and/ or calculated
at 100 days after sowing. The following characteese inspected:

-Root diameter (cm.) at the base of the tap roofRoot length (cm.).

-Stem diameter (cm.) at the third internodes fromtottom. —Stem length (cm.).
-Number of leaves/plant.

-Total leaf area (cAYV plant following the method described bgriaux et al. (1973).
-Fresh and dry weight of root, stem and leaves.

2-Anatomical studies

The samples of tap root were taken from 10 crerdiase root. Stem and leaf
samples were taken from th& Biternode from the top of the main stem at 15 detexr the
second spray (90 days after sowing) from the eatrhents(B at 25ppm and K at 500ppm)
and the control under two levels of available sater(20 &60%). The vegetative specimens
were taken then killed and fixed in FAA (5ml. forima 5ml. glacial acetic acid and 90ml.
ethyl alcohol 70%), washed in 50% ethyl alcoholhydiFated in series of ethyl alcohols
70,90,95 and 100%. The samples infiltrated in xgleembedded in paraffin wax with a
melting point of 60-63C, sectioned to 20 microns in thickngSass 1951), stained with the
double stain method (fast green and safranin),retean xylene and mounted in Canada
balsam (Johanson, 1940). Sections were read to detect histological mardifest of
noticeable responses resulted from other treatments

Hence, leaf stomatal characteristics i.e., stontasity (No. of stomata per leaf area
unit/36Qu and stomatal pore dimensions (length and widthjife lower leaf surface of blade
were determined from impressions of the leaf serfat blade on transparent fingernail
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polish according to methods describedSvgddard (1965), Manning et al. (1977) and Laz
(1999). The transparent impressions were fixed on gladessand the median portion of
each one examined by microscope furnished withasgltontract system, always using the
same power of magnification., then average of é@etment was calculated.

The prepared section were microscopically examinednts and measurements (u)
were taken using a micrometer eye piece. Averageaiings from 3 slides/treatment were
calculated.

RESULTS AND DISCUSSION
A-Vegetative growth characteristics:-
1- Specific effect of available soil water percentage: -

Data in Table (1) show that water stress decreleseyth, diameter and fresh weight
of root especially 20 % available soil water congghwith the other available soil water
levels. The same results were cleared in the stehieaf parameters especially, stem length
and leaf area /plant (97.53 and 123.33 cm, respady}i

2-Specific effect of foliar spraying by K and B concentrations:-

Potassium and boron spraying increased vegetaitoxgth in cotton plants compared
with control. Root length, root diameter and freshight of root were increased from
40.78cm., 1.27cm. and 23.39g/plant, respectivelir Wi at 125ppm to 48.67cm., 1.50cm.
and 27.92g/plant, respectively with K at 500¢pable,1). Meanwhile, boron levels highly
increased the root characters especially B at 25¢gin®22, 1.56 cm. and 29.38 g/ plant,
respectively).

The same levels of K and B increased the stemeaictharacters compared with the
control. B at 25ppm increased stem length and fnesight of stem(128.07 cm. and 38.75 g/
plant, respectively) followed by B at 50ppm and k680 ppm. The leaves area /plant and
fresh weight of leaves are increased from 111.59amd 32.40g with control to 176.10cm
and 52.39 g/plant with spraying of B at 25ppm fakal by K at 500ppm (176.07cm. and
50.48g/ plant).

3- Interaction effect (spraying K or B and available soil water percentage):-

Data inTable (1) show the effect of foliar spraying with K and B é&s on drought
tolerances of cotton plants. B at 25ppm signifigarmtcreased the vegetative growth
followed by K at 500ppm compared with control undéferent available soil water levels
especially, under 60% A.W.

It is well known that potassium acts to balanae éffect of nitrogen and enhances
the cold endurance of crops and slow down theefffyphotosynthetic products from leaves
to root. In addition, there is a close correlati@miween potassium content and growth rate in
plants(El-Tawesel, 1999).

Although the possibility that these mineral nuttietnave a direct effect on the
biosynthesis of CYT can not be disanissed, it ieimmore likely that they act indirectly via
root growth and the induction of root primordiahél close positive correlation between the
number of root primordia and leaf area in tomatangd (M ar schner, 1995) is presumably
related to CYT production.

B-dry matter of root, stem and leaves:-
1- Specific effect of available soil water percentage:-

Data inTable (2) show that water stress decreased dry weight of stem and
leaves especially under 20 % available soil watengared with the other available soil
water levels.
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2-Specific effect of foliar spraying by K and B levels:-

Boron levels increased dry weight of root, stem Eraves of cotton plants compared
with control. (Table,2). Especially, B at 25ppm followed by B at 50 ppnheTtotal dry
weight / plant are increased with B spraying at@bg55.949/ plant) followed by B at 50
ppm (54.29 g/plant) compared with control (38.G3ayft).

Table (1): Effect of K and B on root, stem and leaf characteristics of cotton plants under drought
condition at 100 days after sowing during 2005 and 2006 seasons.

Root Stem L eaf
Treatments Length | Diameter Vlilreﬁt Length | Diameter Vfli:::]t INE;/i/ L eaf area£ V':;E:]t
(cm) (cm) g/plant (cm) (cm) g/plant | plant plant (cm’) g/plant
Specific effect of available soil water %
AW. % M ean of 2005 and 2006
20% A.W. 38.57 117 2213 | 97.53 1.32 29.23 | 1924 | 12333 | 39.91
40% A.W. 44.24 135 25.18 |11466| 156 34.18 | 22.81 | 15720 | 47.33
60% A.W. 49.38 151 28.33 |11940| 162 3558 | 23.33 | 164.15 | 48.29
L.S.D. 0.05 4774 | 0145 | 2.738 [11.948| 0.552 | 3439 | 2.255 | 16.927 | 4.668
Specific effect of K and B concentrations
Element con. M ean of 2005 and 2006
K at 125 ppm 40.78 1.27 2339 |106.14| 1.45 3168 | 2211 | 129.63 | 45.89
K at 250 ppm 43.00 1.37 2467 |10750| 147 33.69 | 22.33 | 139.47 | 46.33
K at 500 ppm 48.67 1.50 2792 [121.93| 162 36.34 | 2433 | 176.07 | 50.48
B at 5 ppm 39.55 1.23 22,69 | 98.89 1.35 2947 | 1933 | 14527 | 40.10
Bat 25 ppm 51.22 1.56 29.38 |128.07| 174 3857 | 2522 | 176.10 | 52.39
B at 50 ppm 50.33 1.49 2843 [123.90| 1.69 3691 | 2455 | 164.83 | 50.95
Control 34.89 1.06 20.01 | 87.28 1.18 2599 | 1578 | 11159 | 3240
L.S.D. at 0.05 4.866 0.149 | 2.840 | 12.816| 0.667 | 3.728 | 2438 | 17.610 5.06

I nter action effect (spraying K or B X available soil water %

Element con. | A.W.%* M ean of 2005 and 2006

20% 32.33 1.00 1855 | 80.83 1.10 24.13 26.00 181.89 | 44.99
Kat125ppm | 40% 38.67 1.23 22.18 |109.30| 1.50 32.68 35.00 244.85 | 60.57
60% 51.33 157 2945 |128.30| 177 38.24 35.33 247.16 | 61.14
20% 40.33 1.23 23.14 |100.80| 1.37 30.05 30.00 209.87 | 51.91
K at 250 ppm | 40% 44.00 1.37 25.24 | 11000 1.50 32.78 31.67 22156 | 54.81
60% 44.67 1.37 25.62 |111.70| 153 33.27 32.00 223.87 | 55.38
20% 44.00 1.37 2524 |11750| 157 35.01 33.33 233.17 | 57.87
K at 500 ppm | 40% 46.67 1.43 26.77 |138.30| 1.80 41.22 37.67 263.53 | 65.19
60% 55.33 1.70 31.74 | 11000 150 32.78 32.00 223.87 | 55.39
20% 36.33 1.15 20.84 | 90.83 1.23 27.07 27.33 191.19 | 47.29
B at 5 ppm 40% 38.33 1.20 21.99 | 95.83 1.30 28.56 29.00 202.88 | 50.19
60% 44.00 1.33 25.24 | 11000 153 32.78 31.67 221.56 | 54.81
20% 46.67 1.43 26.77 |116.70| 1.60 36.00 33.00 230.86 | 57.11
B at 25 ppm 40% 50.67 1.53 29.06 |126.70| 175 37.74 35.00 245,90 | 60.83
60% 56.33 1.73 32.32 |140.80| 1.87 41.96 37.67 280.12 | 69.29
20% 42.67 1.27 2448 | 106.70| 1.45 31.78 31.00 216.87 | 53.65
B at 50 ppm 40% 55.33 1.62 30.40 | 1325 1.83 39.48 36.33 254.16 | 62.87
60% 53.00 1.60 30.40 | 1325 1.80 39.48 36.33 261.25 | 64.62
20% 27.67 0.80 15.87 | 69.34 0.93 20.61 24.00 167.90 | 41.53

Control 40% 36.00 1.10 20.65 | 90.00 1.23 26.82 25.00 | 174.90 | 43.26
60% 41.00 1.27 2352 10250 | 1.38 30.54 28.34 | 198.68 | 49.15
L.S.D. 0.05 5349 | 0.1659 | 3.124 | 14.09 | 0.1659 | 4.056 2931 | 28.032 | 6.580

* A.W.= available soil water
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The same results were recorded with K treatméiutigar spraying with K at 500ppm

increased the total dry weight / plant (53.07gripl@ompared with the control.
3- Interaction effect (spraying K or B and available soil water %):-

Table (2) shows that B at 25ppm significantly increased titeltdry weight / plant
followed by K at 500ppm compared with control undéferent available soil water levels
especially, under 60% A.W. Total dry weight/planeres significantly increased from
44.14g/plantwith control to 61.52g/plant with B28ppm. and 59.42g /plant with K at 500

ppm under 60 % A.W.

Table (2): Effect of K and B on dry matter partitioning of cotton plants under drought

condition at 100 days after sowing during 2005 and 2006 seasons.

Root dry | stem dry leaves Total dry | Dry weight %
Treatments weight weight | dry weight | weight related to
(g/plant) | (g/plant) | (g/plant) | (g/plant) the control
Specific effect of available soil water %
AW. % M ean of 2005 and 2006
20% A.W. 11.16 14.60 17.84 43.60 100.00
40% A.W. 12.93 17.07 20.03 50.03 100.00
60% A.W. 13.84 17.77 20.60 52.21 100.00
L.S.D. 0.05 0.334 0.187 0.361 2.047
Specific effect of K and B concentrations
Element con. M ean of 2005 and 2006
K at 125 ppm 11.69 15.82 19.59 47.10 121.86
K at 250 ppm 12.32 16.00 19.05 47.37 122.56
K at 500 ppm 13.94 18.16 20.97 53.07 137.31
B at 5 ppm 11.33 14.72 17.89 43.94 113.69
Bat 25 ppm 14.68 19.26 22.00 55.94 144.73
B at 50 ppm 14.57 18.44 21.28 54.29 140.46
Control 9.99 12.98 15.68 38.65 100.00
L.S.D. at 0.05 1.415 1.856 1.447 5.407
Inter action effect (spraying K or B X available soil water %
Element con. | A.W.%* M ean of 2005 and 2006
20% 9.27 12.05 15.86 37.18 113.15
K at 125 ppm 40% 11.08 16.32 21.35 48.75 124.27
60% 14.71 19.10 21.55 55.36 125.42
20% 11.56 15.01 18.20 44.77 136.24
K at 250 ppm 40% 12.61 16.37 19.32 48.30 123.12
60% 12.80 16.62 19.52 48.94 110.87
20% 13.37 17.49 20.40 51.26 155.99
K at 500 ppm 40% 15.85 20.59 22.98 59.42 151.46
60% 12.61 16.37 19.52 48.50 109.88
20% 10.41 13.52 16.67 40.60 123.55
B at 5 ppm 40% 10.98 14.27 17.69 42.94 109.45
60% 12.61 16.37 19.32 48.30 109.42
20% 13.37 17.98 20.13 51.48 156.66
B at 25 ppm 40% 14.52 18.85 21.46 54.83 139.76
60% 16.14 20.96 24.42 61.52 139.37
20% 12.23 15.87 18.91 47.01 143.06
B at 50 ppm 40% 15.19 19.72 22.16 57.07 145.47
60% 16.29 19.72 22.76 58.77 133.14
20% 7.93 10.29 14.64 32.86 100.00
Control 40% 10.31 13.40 15.25 39.23 100.00
60% 11.74 15.25 17.15 44.14 100.00
L.S.D. 0.05 1.57 2.026 2.962 5.540
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Generally, all boron and potassium treatmentseesd drought tolerance in cotton
plants under study in 2005 and 2006 seasons efipeBiat 25ppm and K at 500ppm.
C-Anatomical studies:

1-In transfer sections of tap root:-

Data inTable (3) and Fig.(1) clearly indicate that the root diameter of cotfant
under the control treatment was decreased due terwaess from 2298.80 micron (60%
A.W.) to 2073.60 micron (20% A.W.). Meanwhile, iagrhighly increased by all treatments
of the K and B foliar spraying especially B at 2Bppnder 20% A.W.(3425.40 micron) and
under 60% A.W.(3191.60 micron) followed by K at 500m under 60% A.W. The same
result recorded in number and thickness of coréger. Meanwhile, the other characters
(thickness of phloem, thickness of secondary xytissues, No. of the xylem rows, thickness
of widest xylem vessel and wall thickness of widegem vessel) are increased with Bat
25ppm under 60% A.W. and under 20%A.W. followedbgt 500ppm under 60% A.W.
Table (3): Effect of K and B on histological features of the tap root (T.S.) of cotton

plants under drought condition(cross section).

A.W.%* (20%) A.W.%* (60%)

. Treatments Kat | Bat Kat | Bat
Characters (micron) 500ppm | 25ppm control 500ppm | 25ppm control
Root diameter. 2439.00| 3425.40| 2073.60| 2455.20| 3191.602298.80
Thickness of periderm layers. 288.80 | 315.00 | 225.50| 297.00| 388.00 280.00
No. of periderm layers 10.00 14.00 10.00 12.00 14.00 9.0D
M ean thickness of periderm layers. 28.88 22.50 22.55 24.75 27.71 31.11
No. of cortex layers. 11.00 16.00 11.00 11.00 12.00 9.0D
Cortex layersthickness. 344.8 | 540.00 275.0 288.00 360.p0 27000
M ean thickness of Cortex layers. 31.34 33.75 25.00 26.18 25.71L 30.00
Thickness of phloem layers 108.00 | 132.300 85.30 117.00 135.00 90.p0
Thickness of secondary xylem layers | 441.00 | 585.00 320.50 486.00 657.00 378/00
No. of the xylem rows 22.00 21.00 14.00 17.00 21.0D 16.00
Xylem vesselsno. in the row. 9.00 5.67 4.00 5.75 6.67 4.00
Thickness of widest xylem vessel. 83.60 89.10| 70.50 88.80 103.50 76.50
Wall thickness of widest xylem vessel | 14.40 15.30 12.80 15.30 15.3p 10.60
Parenchymatous pith thickness. - - 90.00 - - 90.00
Thickness of primary xylem. 36.90 51.30 40.50 39.60 55.8D 41.40

* A.W.= available soil water
2-In transfer sections of main stem:-

Data inTable (4) and Fig. (2) revealed that the stem diameter, mean thickness of
collenchyma layers, thickness of cortical parenchylayers and phloem thickness were
highly increased in stems treated by B at 25ppneus® %A.W. compared with the other
treatments.

On the other hand, epidermal cell thickness, tiiésk of cambium layers, thickness
of secondary xylem tissues, No. of the xylem rahwigkness of widest xylem vessel and wall
thickness of widest xylem vessel were significamtiyreased in stems treated by B at 25ppm
under 20 %A.W.(15.30, 60.10, 586.18, 137.00,58.68 &5.30 micron{), respectively)
compared with the other treatments. Also, treatneérK at 500ppm under 20&60 %A.W.
increased the parameter of stem sections compatieadantrol.

Boron deficiency is associated with a range ofphological alterations and changes
in differentiation of tissues, similar to those uced by either subraoptimal levels of IAA. As
lignification and xylem differentiation are unique vascular plants, which is also true, in
principle, for the boron demand, a key role of oo IAA metabolism and in regulation of
lignin biosynthesis and xylem differentiation hageb proposedMarschner, 1995).
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Enhanced cell division in a radial direction witldigtinct proliferation of cambial cells and
impaired xylem differentiation are also featurgsdgl of the subapical shoot tissue of boron-
deficient plantgM ar schner, 1995).

3-In transfer sections of leaf blade:-

The obtained results regarding the increase irkileiss of both cuticle and epidermis
layers exhibited in leaf anatomical structure oft@o grown under water stresBaple,5 &
Fig.3) i.e., severe irrigation regime (20 % A.W.).

The obtained results are in general agreementfimidings of EI-Hadeedy, (1984);
Hassan et al., (1984); Draz, (1986); Ahmed (1990); and Al-Khateeb, (1996). Moreover,
the decrease in mesophyll thickness (palisade &gpthickness) and both (diameter & wall
thickness) of xylem vessel induced by drought comaiwas supported by the findingskif
Hadeedy, (1984) and Ahmed (1990).

Sprayed with B at 25ppm followed by K at 500 pprsuteed in an obvious increase
with regard to the response of leaf mesophyll théds (palisade & spongy tissues), it was
quite evident that each tissue followed its owndré/Vhereas B & K

3 s

Sc.x.

et b H %
Fig.(1):- Effect of K and B on histological featuresof theroot(T.S.) of cotton plants under
drought Condition (20% soil moisture level) (100 x).
a-K at 500 ppm. b-B at 25 ppm. c- Control
Where: p.= periderm tissue, co.= cortex tissue, v.c.= vascular cylinder,
ph.= phloem tissue and sc. x.= secondary xylem tissues pi= pith.
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Table (4): Effect of K and B on histological features of the main stem (T.S) of cotton plants

under drought condition.

Treatments AW.%* (20%) AW.%* (60%)
K at 500 | B at 25 K at Bat 25

Character s (micron) ppm ppm control 500ppm | ppm control
Stem diameter. 3037.84| 3181.662511.50] 3310.20| 3811.2(02510.80
Parenchymatous pith thickness. 1081.80| 1093.5(0 980.00 | 1359.00 1710.00L020.00]
Epidermal cuticle thickness. 13.85 15.30| 10.87 11.70 13.6D 9.9
Epidermal cell thickness. 16.20 18.00 15.16 26.10 25.20 19.80
No. of periderm layers 5.00 6.00 4.00 4.00 4 4.00
Thickness of periderm layers. 117.90 | 118.80 68.18 90.00 103.50  66.60
M ean thickness of periderm layers. 23.58 19.80 17.54 22.50 25.8[ 16.65
No. of cortex layers. 7.00 7.00 4.00 6.00 10.0(¢ 6.0(
Cortex layersthickness. 145.20 | 158.40 90.00 161.10 193.50 84.60
M ean thickness of Cortex layers. 20.74 22.63 22.50 15.00, 19.3p 14.10
Thickness of phloem in the vascular cylinder .. 70.20 87.30 60.30 98.10 110.70 67.6
Thickness of cambium layersin the vascular cylinder. 56.67 60.10 30.90 48.60, 55.10 35.590
Thickness of xylem in the vascular cylinder. 558.00 | 586.18] 490.34 540.00 549.00 486/00
No. of xylem rowsin the vascular cylinder. 135.00 | 137.000 100.0 130.0p 131.p0 120[00
Xylem vesselsno. in therow. 14.00 14.67 12.00 12.50 13.50 11.50
Thickness of widest xylem vessel in vascular cylinder. 57.60 58.50 50.40 53.10 55.80 44.10
Wall thickness of widest xylem vessel in vascular cylinder. 12.60 15.30 11.00 11.70 13.5p 10.80

*A.W.= available soil wat

g2

S

"r\.hl Y

P LY o e ¥ i ol
Fig.(2):- Effect of K and B on histological features of thetap root(T.S.) of cotton
plantsunder drought Condition (20% soil moisture level) (150 x).
b-B at 25 ppm.
Where: p.= periderm tissue, co.= cortex tissue, f.= fiber layer, ph.= phloem tissue,
ca.=cambium tissue, sc. x.= secondary xylem tissue and pi= pith tissue.

a-K at 500 ppm.

c- Control

148



Arab Conference of Soil And Water Management For Sustainable Agricultural Development
10-11 April 2007 (Conferences Hall, Faculty of Agriculture Mansounai@rsity)

sprays resulted in an increase in thickness of upgpelermal layer. On the other hand, the
response of spongy tissue thickness to K spragateld increase in leaves compared with to
that of unsprayed water stressed (control)..

Potassium foliar spraying on cotton plants resutibdiously in decreasing xylem
tissue thickness in leaf midrib as compared to Bdobiar sprayingTable,5).

As for the number of xylem rows in leaf vasculantle of water stressed cotton
plants in response to B and K foliar sprayimgble (5) it could be generally concluded that
B at 25ppm and K at 500 ppm had increased it tarB27 rows, respectively on number of
xylem rows in midrib compared with the unsprayedenatressed ones(18 rows)under 20%
A.W. Referring the diameter and wall thickness gfern vessel, data obtained as shown
from Table (5) displayed that B and K foliar spray resulted in @crease in both
characteristics. On the other hand, the rate sément in wall thickness of xylem vessel was
more pronounced rather than that exhibited in igsndter, especially with K at 500ppm
under 20% A.W.

An increase in thickness of either xylem or phlogssue ensures improvement of
translocation into and outside leaves for inorgaoicites and organic synthates, respectively.
This conclusion also ensures the essentiality @feimsing the cross sectional area of phloem
(Canny, 1973 and EI- Desouky et al, 2001).

Table (5): Effect of K and B on histological features of the leaf blade (T.S.) of cotton plantsunder
drought condition.

Treatments AW.%* (20%) AW.%* (60%)

Characters Kat500| Bat25 control Kats00 ) Bat 25 control
ppm ppm ppm ppm

Thickness of midrib of leaf. 1003.50| 1118.50 657.00| 1098.00 1269.90L057.50]
Thickness of blade. 303.94 | 322.17| 175.8p 315.0p 356.f5 183|60
Upper epidermal cuticle thickness. 14.40 15.30| 11.50 11.70 13.50 10.80
L ower epidermal cuticle thickness. 12.34 12.67 9.90 10.80 11.15 8.10
Upper epidermal thickness. 23.40 25.10| 18.88] 27.00 27.9D 20.70
L ower epidermal thickness. 15.30 18.00 8.50 20.70 21.60 10.80
No. of palisade tissue layers. 1.00 1.00 1.00 1.00 1.00] 1.0d
Palisade tissue thickness. 147.60 | 150.300 86.40 124.20 137.y0 89.10
No. of spongy tissue layers. 7.00 7.00 5.00 6.00 7.00] 5.00
Spongy tissue thickness. 99.90 | 100.80] 40.67 120.60 144.90 44.10
M ean of spongy tissue thickness. 12.98 14.40 8.13 20.10 20.70 8.82

No. of collenchyma layers below the upper
epidermisat midrib.

Thickness of collenchyma layers below the upper
epidermisat midrib.

Mean thickness of collenchyma layers below the
upper epidermisat midrib.

No. of collenchyma layers above the upper
epidermisat midrib.

Thickness of collenchyma layers above the upper
epidermisat midrib.

Mean thickness of collenchyma layers above the
upper epidermisat midrib.

3.00 3.00 3.00 3.00 3.00] 3.00

90.00 95.85| 63.00 78.28 80.1p 72.9

o

30.00 31.95| 63.00 78.28] 80.1p 72.9

o

4.00 4.00 4.00 4.00 4.00, 3.00

103.50 | 105.30] 83.70 100.10  100.80 50.40

25.87 26.32 | 20.92 25.02 25.2D 16.80

Length of midrib vascular bundle. 477.00 | 531.00f 358.5p 500.1p 540.p00 378,00
Width of midrib vascular bundle. 733.50 | 783.00] 450.0p 702.0p 756.p0 432/00
Thickness of phloem in v. bundle 140.40 | 149.80 111.6p 148.5p 153.00 117|00
Thickness of xylem in vascular bundle. 336.60 | 381.20 246.9p 351.6p 386.10 261[00
No. of xylem rowsin vascular bundle. 27.00 28.00 18.00 25.00 26.0D 16.00
No. of vesselsin the xylem row. 13.00 14.00 10 11.50 12.0 8.0
Thickness of widest xylem vessel in vascular bundle| 38.34 40.50| 29.18 36.00] 38.0D 28.00
Wall thickness of widest xylem vessel in vascular 13.50 14.40 0.87 10.80 12.60 9.00

bundle
* A.W.= available soil water
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4- Stomatal parameters:

In this respect number of stomata per leaf area(86D) and stomatal dimensions
(length & width) were the investigated stomatalreleteristics in response to water stress. It
is quite evident as shown from data presenteHainie (6) and Fig. (4) that the response of
stomatal density (No. of stomata per leaf area/36041) to two investigated irrigation
regimes was approximately absent. However, raidliregdetermining limits of irrigation
regime(available soil water%) from 20 to 60 % ingldi@ worthless increase in leaf stomatal
density of cotton plants.

Fig.(3):- Effect of K and B on histological features of the leaf blade (T.S.) of cotton plants under
drought Condition (20% soil moisture level) (100 x and 150x).
a-K at 500 ppm. b-B at 25 ppm. c- Contral
Where: b.= blade, m.= midrib of leaf, pal.=palisade tissue, sp.=spongy tissue,

vb.=vascular bundle, x= xylem tissue, ph.= phloem.

As for the dimensions of stomatal pore, it was tt@ar to be detected that both
length and width of stomatal pore were more sexgstth water stress. Whereas, under severer
irrigation regime (20% available water) leaves aoftan plants characterized by their shorter
stomatal dimensions (length & width) as water seescompared to the analogous ones
under the lighter irrigation regime (60 % A.W.).dtate of change i.e., decrease in stomatal
pore dimensions under water stress. Such respdrsdernatal pore dimensions to irrigation
regime could be considered as a real powerful mestmafor regulating water loss and
consequently reducing the harmful influence oftfartwater stres@ able, 6).

Generally, the present results of stomatal chanatitss in response to water stress
are in harmony with those previously foundhbgissan et al., (1984); Draz, (1986), Ahmed
(1990)
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Table (6): Effect of K and B on stomatal Characters of lower epidermisof theleaf blade
of cotton plantsunder drought condition.

Treatments A.W.%* (20%) A.W.%* (60%)

Characters (micron) K at B at K at B at

500ppm | 25ppm control 500ppm | 25ppm control
Number of opining stomata. 1.00 1.00 3.00 2.00 2.00 6.00
Number of closing stomata. 4.00 3.00 2.00 6.00 5.00 4.0
Total number of stomata. 5.00 4.00 | 5.00 8.00 7.00 | 10.00
L ength of stomata. 27.90 | 28.80| 24.30 29.7¢ 30.60 19.80
Width of stomata. 20.70 22.50| 18.80 21.60 25.20| 17.70
L ength of stomatal pore. 16.20 14.40| 18.00 18.90 19.80 18.15
width of stomatal pore. 8.10 6.30 | 11.70 | 10.80 9.90 13.50

* A.W.= available soil water

and Osman (2004) especially, pertaining the response of stomataledsions. Moreover,
findings of the same authors were to some extepéitial agreement, with the present result
of stomatal density. This shift in response betwiaifings of the aforesaid investigators and
present study may be due to variations in eitharadteristics (especially heritable ones) of
different plant materials used in each case or éetwlimits of drought conditions under
every experiment.

AT 1?""2‘,’" 9
R

cSs.

et
» . g L s t'—" UL
Fig.(3):- Effect of K and B on stomatal characters of the lower epider mis of leaf blade of cotton
plantsunder drought Condition (20% soil moisture level) (100 x).
a-K at 500 ppm. b-B at 25 ppm. c- Control

Where:- e.= epidermis cells, 0.s.= opining ssomata and c¢.s.=closing stomata.
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As for the stomatal dimensions (length and width$ iquite evident that an obvious
decrease was resulted by B and K foliar sprayinghSiecrease was clearly observed in both
stomatal length and width for cotton plant. Boro2%% and potassium at 500ppm increased
drought tolerance on cotton plant via to decreabechumber of stomata per leaf area unit
(3601), stomatal dimensions (length & width) and storhpteie dimensions(length& width).
On the other hand, the same treatment increasetberuof closing stomata from 3 and 4
stomata, respectively compared with control (2 stianunder 20% A.W. per leaf area unit

(3601)

In most plant species,Kas the major responsibility for turgor changethaguard
cells during stomatal movement. An increase ircncentration in the guard cells results in
the uptake of water from the adjacent cells andraesponding increase in turgor in the
guard cells and thus stomatal opining. When theveater supply is limited, loss of turgor
and wilting are typical symptoms of potassium deficy. The lower tolerance of potassium-
deficient plants to drought is related mainly tptfee role of K in stomatal regulationyhich
is @ major mechanism controlling the water regirhkigher plants, and (b) the role of Ks
the predominanbsmotic solute in the vacuole, maintaining a higlsue water level even
under drought condition.

These results are in partial agreement with thdirigs of Swietlik et al.,(1982a),
Ahmed (1990)and Osman (2004).
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