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Pot experiments were carried out at the greenhouse of the Cotton Research Institute, Agric. Res. Cent., 
Giza, Egypt during 2016 and 2017 seasons on cotton (Gossypium hirsutum L. cv. Giza 90) to investigate 
the response of cotton plant to three nutrients (Potassium humate, Algae extract and Poly Ethylene 
Glycol (PEG)) under irrigation by saline water (control, 4000 and 8000 ppm) to improve growth, yield and 
anatomical parameters. The obtained results revealed that, irrigation with saline  water over seasons 
significantly decreased plant height, number of fruiting branches per plant, number of open bolls per 
plant, boll weight, seed index and seed cotton yield per plant, while, lint % was significantly increased. 
PEG gave the highest averages of plant height and number of fruiting branches/plant, while; Potassium 
humate gave the highest averages of yield and its components followed by plants sprayed with Algae 
extract. As to anatomical studies, irrigation with saline water (4000 and 8000 ppm) decreased the values 
of the leaf anatomical parameters, i.e., thickness of; midvein, lamina, palisade and spongy tissues, 
xylem, phloem and length and width of vascular bundle of midvein. While, treating plants with Potassium 
humate, Algae extract and PEG significantly increased the values of leaf and stem anatomical 
characters. Moreover, the increase induced stem diameter by foliar application with Potassium humate, 
Algae extract and PEG could be as a results of increases in all included tissues of main stem. 
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INTRODUCTION 
Water availability for irrigation could be enhanced 
through judicious and proper use of saline water 
and the recycling of drainage waters for irrigation. 
Considerable amounts of such water are available 
in various places in the world. With the use of 
improved farming and management practices, 
water generally classified as unsuitable for 
irrigation can often be used successfully to grow 
crops without long-term hazardous consequences 
to crops or soils. The development of crops with 
increased salt tolerance and the adoption of new 
crop and water management strategies will further 
enhance and facilitate the use of saline waters for 
irrigation and crop production, while keeping soil 

salinity from becoming excessive. Use of saline 
water for irrigation requires several changes from 
standard management practices including 
selection of appropriate crops and crop rotations, 
improvement in water and soil management and 
in some cases the adoption of advanced irrigation 
technology and improvement of the drainage 
conditions in the irrigated areas. Abdel –Al and 
Syiam (1999) found that irrigation with saline 
water had significant effect on yield components. 
Irrigation with saline water led to decrease in 
number of open bolls per plant, boll weight, seed 
index, lint% and seed cotton yield/plant. Min, et al, 
(2016) recognized that irrigation water salinity 
solutions effect on many soil physicochemical 
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properties.  
Humic acids are an effective agent to use as a 
complement to synthetic or organic fertilizers. In 
many instances, regular humic acids use will 
reduce the need for fertilization due to the soil and 
plant ability to make better use of it. Humates 
have long been used as a soil conditioner; 
fertilizer and soil supplement, humic acid can be 
used as growth regulate-hormone improve plant 
growth and enhance stress tolerance (Albayrak 
and Camas, 2005). Haroon et al., (2010) found 
that application of 0.5, 1 and 2 kg/ha humic acid 
increased seed cotton yield. Humic application to 
plants under normal and salt stress conditions 
could induce salinity tolerance of cotton plants 
and in turn improved plant growth, fruiting and 
yield particularly under salt stress and high 
temperature conditions (Hamoda, 2012). Gebaly 
(2012) found that the highest seed cotton 
yield/fed. and its components were obtained when 
treating soil with potassium humate 4kg/fed. + 
spraying cotton plants with potassium humate 2 
g/L). Also, she found that the application of 
potassium humate showed significantly increased 
number of sympodia, opened bolls/plant, boll 
weight and seed cotton yield/fed. Emara and 
Hamoda (2012) and Abou-Zaid et al., (2013)found 
that foliar spraying of humate 5 cm

3
/L three times 

increase plant tall, number of sympodia and open 
ball per plant, weight of boll and yield of cotton 
seed per fed.   
      About 9,000 macro algae species are 
classified into three main groups depending on 
the pigmentation including; brown, green and red 
algae. Seaweeds among the alga are used in the 
agriculture (Hong et al, 2007).More than 15 million 
tons of seaweeds are produced annually and 
used as bio-fertilizer in agriculture and also used 
human food, animal feed and raw material for 
industry (FAO, 2006).Some chemical analysis 
revealed that seaweeds extracts have all major 
and minor nutrients, and all trace elements; 
aliginic, amino acid, vitamins and auxins (Zhang 
and Ervin 2008).Seaweeds and their extracts 
have been used in many countries as soil 
conditioners, crop growth, and increase the yield 
and yield components (Sabir et al,2014), enhance 
seed germination , seedling vigor (Economou et 
al.,2007), increase uptake of nutrients, ripening of 
fruits , increases shelf-life of the produce , and 
resistance to fungal diseases such as leaf stripe 
disease symptoms in grape (Calzarano,et 
al.,2014) and length of shoot and root, weight of 
fresh and dry seedlings were significantly 
increased in wheat (EL-Din, Soad 2015).  

         Poly Ethylene Glycol (PEG) a non-
penetrable and non-toxic osmotic lowers the water 
potential of the medium and has been used to 
simulate drought stress. PEG has been effectively 
mimic salinity with various metabolic interference. 
Kaufman and Eckard (1971) found that PEG 
based in-vitro screening of salinity tolerant plants 
germplasm in proven to be a significant method 
with good accuracy. Munir and Aftab (2009) found 
that pretreatment of PEG increase the 
biosynthesis of contents of soluble protein. As 
well, an increase was noticed in activity of 
antioxidant enzyme in PEG-pretreated callus 
cultures compared with non-pretreated exposed to 
the same salt concentration. Also pretreatment of 
PEG increased the regeneration potential of the 
callus cultures of sugarcane after NaCl treatment. 
These results suggest that PEG 6000 
pretreatment could enhance salt tolerance in 
sugarcane. Ramya et al., (2010) found that 
natural hormones in the structure of algae extract 
stimulate many biological processes as cell 
division and enlargement. Majeed and Marhoon 
(2015) noticed that highly level of seaweed extract 
increased significantly the thickness of cortex, 
vascular cylinder and diameter of vascular units in 
pepper stem. Salama and yousef (2015) 
mentioned that spraying basil plant with higher 
concentration of seaweed extract increase lamina 
thickness and the main vascular bundle of the 
midvein. 
The purpose of the investigation was to study the 
response of cotton plant to application of some 
nutrients under salinity condition to improve the 
performance of plant and increase growth, yield 
and anatomical parameters of cotton C.V. Giza 
90. 

 
MATERIALS AND METHODS 
Pot experiments were carried out at the 
greenhouse of the Cotton Research Institute, 
Agric. Res. Cent., Giza, Egypt during 2016 and 
2017 seasons on Gossypium hirsutum L. cv. Giza 
90 to study the response of cotton plant to 
application of three nutrients under salinity 
condition. The experimental design was a split-
plot with three replications. Main plots included 
salinity levels (control, 4000 and 8000 ppm), sub 
plot included three nutrients applications 
Potassium humate (Potassium humate 85% + 
Potassium 8% + Fulvic Acid 3%) with 5 cm/liter, 
Algae extract (Alges species + 10 % Potassium) 
with 3 cm/liter and Poly Ethylene Glycol 6000 
(C2nH4n+On+1) with 2% in addition to control 
(untreated plants).  
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Table 1: Analysis of soil used in the experiment at 2016 and 2017 seasons 

Seasons 

Properties 

Texture pH 
EC Mmhos 

/ cm. 
CaCO3 

% 

Available element ppm 

N P K Fe Mn Zn Cu B 

2016 Clay loam 7.4 0.26 2.9 64 11 385 12.4 16.4 2.2 4.0 0.45 

2017 Clay loam 7.6 0.22 3.1 61 10 336 13.5 8.6 1.7 3.3 0.40 

 
 
Representative soil samples were taken before 
planting in the two seasons and were prepared for 
analysis, according to Chapman and Pratt (1978). 
The results of the soil analysis are shown in Table 
(1). 
All salinity tolerance inducers were sprayed three 
times at squaring, beginning of flowering and 2 
weeks later. The seeds were sown in pots 40 cm 
in diameter filled with clay loam textured soil on 
April 15 and April 12 in 2016 and 2017 seasons 
respectively. Thinning was carried out after 
complete emergence being 35 day from planting 
to two plants /pot. All pots received Phosphorus 
fertilizer as ordinary superphosphate (15.5% 
P2O5) at the rate of 22.5 kg P2O5 /fed. was 
incorporated during seed bed preparation. 
Nitrogen fertilizer in the form of ammonium nitrate 
(33.5% N) at the rate of 60 Kg N/ fed. was applied 
in two equal doses, immediately before the first 
and the second irrigations. Potassium fertilizers in 
the form of potassium sulfate (48% K2O) at the 
rate of 24 kg K2O/fed. was side-dressed in a 
single dose before the second irrigation. Standard 
agricultural practices were followed throughout the 
growing seasons. All samples were taken at 
random from each sub plot in order to study 
growth and yield traits. Watering was carried out 
with tap water until the first irrigation after sowing. 
Hence forward plants were irrigated with saline 
solutions of 4000 and 8000 ppm NaCl during the 
whole season. The untreated pots (control) were 
irrigated with tap water continuously.  
    At harvest, samples were randomly taken from 
each pot to determine the following:  

Growth and yield characters 
1-Plant height (cm)  
2-Number of fruiting branches/plant 
3-Number of open bolls/plant 
 4-Boll weight (gm) 
 5- Seed index (gm) 
6- Lint % 
 7-Seed cotton yield per plant (gm).  

Anatomical studies 
A microscopical study was carried out to 
investigate the anatomical structure of the stem of 

cotton, represented by the 4
th
 internodes counted 

from the plant tip and the leaf was taken from the 
4

th
 internode represented by the middle of the 

lamina including the midrib at the age of 90 days. 
Specimens were killed and fixed for at least 48 
hours in F.A.A (10 ml formalin, 5 ml glacial acetic 
acid, 50 ml ethyl alcohol 95%, 35ml distilled 
water). Plant materials were washed in 50% ethyl 
alcohol and dehydrated in a normal butyl alcohol 
series before being embedded in paraffin wax 
(melting point 52-54 °C). Transverse sections, 20µ 
thick, were cut using a rotary microtome and 
stained with double crystal violet/erythrosine 
combination, and mounted in Canada balsam 
(Nassar and El-Sahhar, 1998). The slides were 
microscopically examined and photomicrograph. 
Measurements (µ) of the different tissues were 
taken, and averages of ten readings from five 
slides were calculated using a micrometer eye 
piece and micrometer stage. 

Statistical analysis 
All collected data were subjected to statistical 
analysis as proposed by Gomez and Gomez 
(1984) and means were compared by LSD at 5% 
level of probability 
 
RESULTS AND DISCUSSION 

     The effect of irrigation by saline water, 
nutrients application and its interaction on growth 
parameters, yield and its components and 
anatomical parameters of Giza 90 cotton cultivar 
during 2016 and 2017 seasons are studied.  

Effect of irrigation by saline water and 
nutrients application and its interaction on 
growth parameters 

      Data in Table (2) reveal that irrigation by 
saline water over seasons significantly affected 
growth parameters (plant height and number of 
fruiting branches/plant). Increasing salinity levels 
from 4000 to 8000 ppm decreased plant height 
and number of fruiting branches/plant as 
compared with the control without salinity. The 
reduction in plant growth in case of salinity could 
be in part due to limiting the plant ability to absorb 
nutrients needed for optimal growth and 
development of the plant.  
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Table 2: Effect of irrigation by saline water, nutrients application and their interaction on cotton 
growth in 2016 and 2017 seasons   

Irrigation  by 
saline water (A) 

Treatments 
Plant height (cm) Number of fruiting branches /plant 

2016 2017 2016 2017 

Control 

Control 125,25 131,00 10,25 12,20 

Potassium humate 129,75 139,00 11,50 13,60 

Algae extract 126,50 133,00 10,75 13,40 

PEG 145,00 152,00 12,25 13,00 

Mean 131,63 138,75 11,19 13,05 

4000 ppm 

Control 100,00 100,00 9,75 11,20 

Potassium humate 110,00 115,00 11,40 11,70 

Algae extract 117,00 113,00 10,25 11,50 

PEG 125,00 116,00 11,75 12,55 

Mean 113,00 111,00 10,79 11,74 

8000 ppm 

Control 75,50 76,35 8,90 9,20 

Potassium humate 86,00 84,45 10,10 10,55 

Algae extract 76,40 81,50 10,00 10,25 

PEG 81,50 92,30 10,30 10,98 

Mean 79,85 83,65 9,83 10,25 

General mean 
of nutrition 

applications (B) 

Control 100,25 102,45 9,63 10,87 

Potassium humate 108,58 112,82 11,00 11,95 

Algae extract 106,63 109,17 10,33 11,72 

PEG 117,17 120,10 11,43 12,18 

LSD at 0.05 of 

A 1,75 1,32 0,18 0,30 

B 1,17 1.04 0,16 0,21 

AxB 2,45 2,23 0,36 0,42 

 
Salinity affects all the major physiological and 

biochemical processes that regulate growth such 
as photosynthesis, protein synthesis, and lipid 
metabolism etc., salt induced reduction in growth 
is generally attributable to: i) salt-induced osmotic 
stress (water deficit), ii) specific ion effect, iii) 
nutritional imbalance, iv) hormonal imbalance, and 
salt-induced oxidative stress (Munns and Tester, 
2008). 

As to the nutrients application levels 
significantly affected on growth parameters (plant 
height and number of fruiting branches /plant), in 
both seasons. All nutrients treatments (Potassium 
humate, Algae extract and Poly Ethylene Glycol) 
showed significant increase in plant height and 
number of fruiting branches /plant as compared 
with untreated plants in both seasons (Table 2). In 
general, plants which were sprayed with PEG 
gave the highest averages of growth parameters 
followed by Potassium humate. Whereas plant 
height increased by 15.6 and 16.0% for 1

st
 and 

2
nd

seasons respectively, more than control. 
Similar results were obtained by Munir and Aftab 
(2009) that humic acid can be used as growth 
regulater. hormone increase growth of plant and 
enhance stress tolerance (Albayrak and Camas, 
2005). 

Data presented in Table (2) show that the 
interaction between salinity levels by irrigation 
with saline water and nutrients application by 
salinity tolerance inducers had a significant effect 
on plant height and number of fruiting branches 
/plant in both seasons. The plants which were 
treated with foliar nutrients under salinity stress 
gave the highest average of plant height and 
number of fruiting branches /plant. The Potassium 
humate, Algae extract and Poly Ethylene Glycol 
applications to plants under normal and salinity 
stress conditions had positive effects on improving 
the performance of cotton plants, which increased 
plant growth especially under salinity stress 
conditions. 
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Table 3: Effect of irrigation by saline water, nutrients application and their interaction on cotton 
yield and its components in 2016 and 2017 seasons   

Irrigation  
by saline 
water (A) 

Treatments 

No. open 
bolls/plant 

Boll weight 
(gm) 

Seed index 
(gm) 

Lint 
percentage 

Seed cotton 
yield per 

plant (gm) 

2016 2017 2016 2017 2016 2017 2016 2017 2016 2017 

Control 

Control 11,00 13,75 2,16 2,27 10,12 10,00 35,98 35,78 22,75 25,00 

Potassium 
humate 

12,30 15,37 2,35 2,39 10,35 10,58 35,20 35,45 30,62 31,60 

Algae extract 11,60 15,00 2,29 2,35 10,30 10,39 35,54 35,55 28,78 29,21 

PEG 11,00 15,50 2,21 2,29 10,23 10,25 35,85 35,70 25,32 25,83 

Mean 11,48 14,91 2,25 2,33 10,25 10,17 35,64 35,62 26,87 27,91 

4000 ppm 

Control 9,15 10,75 2,06 2,12 9,82 9,46 36,80 36,15 17,78 19,22 

Potassium 
humate 

11,25 13,50 2,24 2,31 10,24 10,27 35,75 35,70 24,33 25,45 

Algae extract 11,10 11,45 2,15 2,25 10,18 10,16 35,85 35,79 23,50 24,15 

PEG 9,70 12,30 2,10 2,12 9,98 10,07 36,54 36,05 19,11 18,64 

Mean 10,30 12,00 2,14 2,20 10,06 10,13 36,24 35,92 21,18 21,87 

8000 ppm 

Control 7,50 8,00 1,75 1,85 8,91 9,06 37,50 36,55 12,89 13,14 

Potassium 
humate 

8,50 11,30 1,93 1,96 9,50 9,40 36,82 35,63 16,15 15,92 

Algae extract 8,78 10,95 1,81 1,92 9,32 9,22 36,95 36,00 15,05 15,35 

PEG 8,10 11,10 1,72 1,81 9,16 9,10 37,25 36,32 13,12 14,24 

Mean 8,22 10,34 1,80 1,89 9,22 9,20 37,13 36,13 14,30 14,66 

General 
mean of 
nutrition 
application 
(B) 

Control 9,22 10,83 1,99 2,08 9,62 9,51 36,76 36,16 17,81 19,12 

Potassium 
humate 

10,68 13,39 2,17 2,22 10,03 10,08 35,92 35,59 23,70 24,32 

Algae extract 10,49 12,47 2,08 2,17 9,93 9,92 36,11 35,78 22,44 22,90 

PEG 9,60 12,97 2,01 2,07 9,79 9,81 36,55 36,02 19,18 19,57 

LSD at 0.05 
of 

A 0,19 0,48 0,05 0,04 0,05 0,08 0,31 0,24 0,50 1,20 

B 0,23 0,37 0,07 0,03 0,07 0,09 0,29 0,27 0,41 0,61 

AxB 0,58 0,81 0,10 0,06 0,08 0,21 0,45 0,49 0,82 1,10 

 
Effect of irrigation by saline water and 

nutrients application and their interaction on 
yield and its components. 

 It is well recognized from data presented 
in Table (3) that salinity levels had a significant 
effect on number of open bolls /plant, boll weight, 
seed index, lint %, and seed cotton yield /plant in 
both seasons. Increasing salinity levels from 4000 
to 8000 ppm significantly decreased number of 
open bolls /plant, boll weight, seed index and 
seed cotton yield/plant. While lint percentage was 
significantly increased. Similar results were 
obtained by Abdel –Al and Syiam (1999), Saeed, 
(2000) and Min, et al., (2016). 

      Also, data in Table (3) showed that 
nutrients (salinity tolerance inducers) had a 
significant effect on number of open bolls /plant, 
boll weight, seed index, lint % and seed cotton 
yield /plant in both seasons. All nutrients 
(Potassium humate, Algae extract and Poly 
Ethylene Glycol) showed significant increase in 

yield and its components as compared with 
untreated plants in both seasons. In general, 
plants sprayed with Potassium humate gave the 
highest averages of yield and its components, 
followed by plants sprayed with Algae extract, 
while the plants sprayed with Poly Ethylene Glycol 
came the last in these respects in both seasons. 
The positive effect of foliar feeding Potassium 
humate (contain K) on yield and its components 
may be due to that K is play a role in a lot of 
processes in the plant such as photosynthesis, 
carbohydrate metabolism, respiration, 
translocation and protein synthesis (Hearn, 1981). 
Similar results were obtained by Abou-Zaid et al., 
(2013), Emara and Hamoda (2012), Gebaly 
(2012) and Hamoda, (2012). (EL-Din, Soad 2015) 
found that many different beneficial effects have 
been also reported for crops treated with seaweed 
extract. In general using foliar nutrients under 
salinity stress improved the performance of plant 
growth which led to the good yielding.  

Data presented in Table (3) show that the 
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interaction between salinity levels by irrigation 
with saline water and nutrients application by 
salinity tolerance inducers had a significant effect 
on number of open bolls/plant, boll weight, seed 
index and seed cotton yield /plant and lint % in 
both seasons. The plants which were treated with 
foliar nutrients under salinity stress gave the 
highest average of number of open bolls/plant, 
boll weight, seed index and seed cotton yield 
/plant, The Potassium humate, Algae extract and 
Poly Ethylene Glycol applications to plants under 
normal and salinity stress conditions had positive 
effects on improving the performance of cotton 
plants, which increased yield especially under 
salinity stress conditions. 

Anatomical studies 

Leaf anatomy  
Leaf anatomical parameters were significantly 

decreased by increase salinity levels compared to 
control (tap water), (Table 4). The thickness of 
midvein, lamina, palisade, spongy, xylem, phloem 
tissues and length and width of vascular bundle of 
midvein were decreased by (10.1 and 19.0%), ( 
13.8 and 34.5%), (4.8 and 20%), (27.0 and 39.2), 
(3.2 and 6.9), (10.4 and 13.1%), (1.5 and 3.7%) 
and 19.7 and 29.4%), respectively as a results of 
irrigation with saline water having the 
concentrations of 4000 and 8000 ppm, 
respectively compared with control.  

On the other hand, foliar application of algea, 
Potassium humate and PEG had a significant 
stimulatory effect on leaf anatomical traits of 
cotton plants. PEG was the most effective 
substance which had the highest values of the 
thickness of midvein, lamina, palisade, spongy, 
xylem, phloem tissues and length and width of 
vascular bundle of midvein. The increments were 
70.6, 3.7, 9.5, 25.0, 21.0, 10.5, 13.6 and 83.7% 
respectively, compared with untreated plants. The 
interaction between untreated plants and PEG 
gave the highest values of all parameters. These 
results are in line with those reported by Chen and 
Aviad (1990), Cimrine et al., (2001). The positive 
effect of humic acids on plant growth could be 
mainly due to hormone like actives which were 
reported by Piccolo et al., (1992). It is clear that 
the increase in lamina thickness was 
accompanied with increments in thickness of 
palisade and spongy tissues compared with the 
control. 

Likewise, the main vascular bundle of the mid 
vein was increased in size. The increment was 
mainly due to increasing in length and in width 

more than the control. The water stress decreases 
most of leaf anatomical parameters (Ghanem 
2008, Hameed et al., 2002). The supply of mineral 
ions to the leaf growing region may decline 
because of lower transpiration rate coupled with 
reduced ion uptake by the roots, or reduced xylem 
loading, leading to reduced xylem flow. This, in 
turn, could lead to inadequate supply of ions to 
the expanding region, resulting in restricted cell 
division and/or expansion when plants are grown 
in high concentration of NaCl in the medium 
(Kabir, Karim, & Azad 2007; Hussein, Shaaban, & 
El-Saady 2008). 

Stem anatomy 
Increasing the levels of salinity from 4000 to 

8000 ppm significantly decreased all stem 
anatomical measurements (main stem diameter, 
thickness of epidermis, cholenchyma, 
parenchyma, phloem, xylem and Parenchymatous 
pith) compared with control plants (Table 5). 

 The lowest values of stem anatomical 
parameters were obtained from plants treated with 
8000 ppm salinity. The decrements were 32.55, 
11.53, 24.94, 49.62 and 46.76% respectively, 
compared with control plants. All stem anatomical 
traits followed the same trend of the leaf 
anatomical characters. Generally, algae, 
Potassium humate and PEG caused an increase 
in stem parameters. Furthermore, the application 
of PEG with tap water gave the highest values of 
stem parameters followed by low level of salinity 
(4000 ppm) with PEG. The increment were 82.06, 
19.64, 50.17, 163.58 and 209.66% for number of 
flowers /plant, flower diameter, pedicel length, 
fresh and dry weight of flowers respectively, 
compared with untreated plants. In saline 
conditions, reduced xylem and phloem area of 
stem was earlier observed by Datta and Som 
(1973) and Reinoso et al., (2004) in 
Prosopisstrombulifera. These results are in 
agreement with Nadia (1998), Soha (2006) and 
Baum et al., (2000) that xylem area of stem 
decreased due to a reduction in xylem width and 
length. Salinity reduced both its phloem area and 
sieve area at higher levels, and such findings 
were correlated with less tolerant species 

(Goncharova and Dobrenkova，1981). Salinity 

caused the gradual changes in plant internal 
structure which reduces the xylem and the phloem 
area (Hameed et al., 2010). Xylem vessels also 
reduced under salt stress, as reported by Ling An 
et al., (2002). 
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Table 4: Effect of Potassium humate, Algea extract and PEG on certain histological features (μm) in transverse sections of cotton leaf 
irrigated with different concentrations of salinity.  

Leaf characters Tab water 4000 ppm 8000 ppm 

Cont. Humate Algea PEG Cont. Humate Algea PEG Cont. Humate Algea PEG 

Midvein thickness 1260 1690 1570 2150 1132 1835 1410 1995 1020 1285 1275 1835 

Lamina thickness 245 250 247 254 237 196 234 214 180 190 249 245 

Palisade tissue thickness 105 109 106 115 100 68 82 89 84 88 94 110 

Spongy tissue thickness 148 178 164 185 108 142 149 130 90 125 148 152 

Xylem thickness 247 277 258 299 239 245 225 277 230 230 278 289 

Phloem thickness 143 155 151 158 137 110 168 120 133 149 162 138 

Dimensions of the main 
vascular bundle of midvein 
 Length  
        Width 

 
 

405 
765 

 
 

450 
1270 

 
 

425 
1110 

 
 

460 
1405 

 
 

399 
614 

 

 
 

445 
1335 

 
 

315 
1100 

 
 

390 
1295 

 
 

390 
540 

 
 

455 
627 

 
 

350 
663 

 
 

480 
1130 

 
 

Table 5: Effect of Potassium humate, Algea extract and PEG on certain histological features (μm) in transverse sections  of cotton stem 
irrigated with different concentrations of salinity. 

Stem characters Tab water 4000 ppm 8000 ppm 

Cont. Humate Algea PEG Cont. Humate Algea PEG Cont. Humate Algea PEG 

Main stem diameter 1500 1770 1515 1890 1270 1545 1275 1860 945 1470 1290 1695 

Epidermis thickness 18 20 21 20 20 18 17 19 15 17 15 19 

Collenchymas thickness 49 50 51 63 40 62 53 62 38 50 49 51 

Parenchyma thickness 255 395 220 497 200 378 315 460 169 410 365 432 

Phloem tissue thickness 200 192 148 250 209 242 222 245 190 220 210 228 

Xylem tissue thickness 405 445 640 620 368 268 325 425 360 320 400 356 

Parenchymatous pith thickness 630 960 630 900 330 690 600 870 600 630 690 990 
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1 

2 

3 4 

 

Fig. 1: Transverse sections through the blade of the 4
th

 leaf developed toward the main stem apex 
of cotton plant at the age of 90 days as affected by foliar application with:  

1- Untreated plant (control). 2- Plant treated with 8000 ppm   
3- Untreated plant with PEG 4- Plant treated with 8000 with PEG  

(Details: Pal=palisade tissue, Spo= spongy tissue, Xy= xylem, Phl= phloem) 40X

 
The present studies are in contrary to the 

findings of Akram et al., (2002) and Hu et al., 
(2005) who reported decreased metaxylem area 
and cortical area, but there was no definite 
response of cortical thickness and its cell area of 
the stem. Cortex area of stem was also 
significantly decreased under high level of salinity. 

In stem cortex cells, 50 and 75 mgl-1 of NaCl 
showed no injuries as the root cortex serves to 
reduce the transport to the stem. These cell 
injuries reduced the growth and area of cortex 
tissue in stem. These results are supported by 
Casenave et al.. (1999) findings, in which they  

 
observed smaller cortex in cotton seedlings at 

high salinity level. Walsh (1990) suggested that 
the thickness of salinity generally reduces 
epidermal cell area in stem by reducing water 
uptake and induces osmotic condition (Akram et 
al., 2002). 
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Fig.2: Transverse sections through the 4

th
 internode of stem cotton plant at the age of 90 days as 

affected by foliar application with:  
1- Untreated plant (control). 2- Plant treated with 8000 ppm  
3- Untreated plant with PEG 4- Plant treated with 8000 with PEG  
(Details: Epi=epidermis, Col= collenchymas tissue, Par=parenchyma tissue, Phl= phloem, Xy= xylem) 
100X

CONCLUSION 
Irrigation with saline water over seasons 
significantly decreased growth, yield and its 
components and anatomy parameters of cotton 
plants. Nutrients applications (Potassium Humate, 
Algea extract and Poly Ethylene Glycol 6000) to 
cotton under normal and salinity conditions 
significantly increase growth, yield and its 
components and anatomy parameters of cotton 

plants and gave the positive effects on improving 
the performance of cotton plants and increasing 
yield of cotton especially under salinity conditions. 
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