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Abstract: This research in research farm of Islamic Azad University, branch Ahvaz Iran in the years 2006 and 
2007 were performed. Research measuring 3 different depths in the roots of corn: (A = 0 - 20, B = 20 - 40, C = 
40 - 60 Cm). Root sampling method of trench digging Tuesday soil depth and applied water stress in different 
period of plant growing split plot design with 4 replications of was. Linear regression equation of potassium 
movement in the depth of process A, y =-0.506X +2.38 showed severe discharge and transfer element potassium 
in various quantities have been irrigated. In other words, imposing severe water stress, ion transfer and 
discharge was more that equation slope (m =- 0.506) trend Go shows the discharge and transfer. Linear 
regression equation in the depth of B, with y = 0. 268x +1.79 indicates that the process of gathering more ions 
that transfer of this phenomenon in the top of this element from the lower root (the depth of C) to the top and the 
absorption of these elements is water stress conditions. Depth c element assembly process is very much needed 
due to plant water stress conditions, this element set is osmotic pressure, ion transfer process of gathering and 
deep C and B and C, especially in the height of the highest accumulation process and the accumulation of 
sodium ions was the transfer process in both the height and depth A very small majority of sodium absorption in 
the root C accumulation in deep to find and apply severe water stress increased the accumulation of positive 
slope of regression line equation y = 0.09x-. 005, that showed increased sodium. [Report and Opinion. 
2010;2(3):15-22]. (ISSN: 1553-9873).  
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1. Introduction    

Process of potassium absorption in the 
early stages of growth, compared with dry matter 
accumulation is very severe, so that the potash 
deficiency, young corn plants show it. At the 
beginning stage of milky Game maximum 
absorption of potassium in plant and at maturity 
occurs when grain, 2/3 potash in the leaves and 1/3 
the grain has been stored.  Potassium absorption 
before seed formation hundred percent and fully 
carried out and compared with the elements 
nitrogen and phosphorus, potash plant gathering 
process, 30 days earlier reaches its maximum 
value, thus attracting a few weeks before potassium 
plant stops, almost equivalent amount of potassium 
uptake in plant nitrogen uptake has been reported. 
Gomez and Bltrans (1992) reported that water 
stress absorption of potassium and other elements 
of the preferred maize under drought stress 
conditions are lots of absorption.   
Sinha (1992) announced that potassium absorption 
process and stores the plants like wheat and corn 
increased water stress and cause more resistance 
against plant water deficit is.   
Yang (2002) experiment that was conducted in 
China, was declared the first drought conditions, 
the amount of potassium absorbed 2-3 times under 
optimum conditions is increased, Secondly, the  

 

 
 
 
presence of potassium ions, water stress and its 
effect on assembly process dry matter, leaf area 
index and plant height can be adjusted because of 
this phenomenon by increasing the ability or 
increase photosynthesis and enzyme activities 
measured carbon Robisco and reinforcing materials 
and as were synthesis.   
Various reports such as Prmachandra (1992), Liker 
(1999), Keying (2001) in the process of potassium 
uptake under drought stress conditions confirms to 
the following:   
1 - potassium uptake mechanisms, moving mass 
(which very limited amount of potassium, the plant 
is absorption), contact ion root (the amount you 
absorb this method is low) and soil distribution of 
ions through ion distance K+, 6 mm, twice the 
distance of phosphorus 3 mm player is, is. Thus the 
process of water absorption of phosphorus 
deficiency due to motor radius less than the 
element potassium, the increasingly impaired.  
2 - cause increased potassium uptake under drought 
stress conditions, active ion uptake mechanisms has 
been reported that plant, to increase resistance to 
drought, unlike the release phenomenon, with only 
energy K+ concentration in roots and some to 
enhance the body, or increase potassium 
absorption, causing a positive effect on 
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photosynthesis, growth and leaf area index, 
enhance ATP synthesis and NADPH, increased 
synthesis of chlorophyll b and a, increase speed to 
fertilizer materials in grain yield, more protein 
synthesis and composition Polymeric set arm and 
closed aperture, the aperture increased, the 
reduction of transpiration and the most important 
issue when tensions increased absorption of water, 
the water and create conditions suitable internal 
osmotic pressure through the set and transpiration 
is also reduced.   
3 - due to more absorption of potassium under 
drought stress conditions than other elements, more 
drying and long consecutive dry and semi-arid 
areas, the release of K+ between the layers of clay 
and potassium ion concentration in soil increases 
the This phenomenon will attract more potassium. 
Porter (1991) in tests in Indiana, conducted Prdova 
University, reported that increased corn by product 
dry potassium years 4800 Kg, in normal years and 
900 Kg  rain 5400 Kg in ha respectively, and 
announced that the conditions potassium absorption 
process for increasing drought resistance of plant 
water deficit conditions, the intensity of their shows 
more.  

Lvov (1963) declared that whatever 
amount of potassium absorption in tassel 
emergence time increases, the value of this plant to 
increase product shows.  

Soya hang (1999), when water stress at 
flowering stage or potassium uptake by the roots is 
increased or transfer of this element leaves bottom 
leaves are done in high water potential part to 
reduce air and water to find more Parties can move 
limbs.   
Mashner (1971) and Lour (1953), patterns for Na + 
ion accumulation and switching instead of sodium 
by potassium species of plant design and presented 
four models, which are defined, summary, all 
models are presented: 

 
 
 
 

  
 
 
 
 
 
 
 

 
 
 

 
 
Figure 1: Evaluation of different models of 
accumulation and Na + ions instead of switching it 
with K+ ions in different plant species. 

 
Model A: the pattern of sodium accumulation, 
plant needs, and Na+ ions can completely replace 
the potassium is increased growth, such as: sugar 
beet.   
Model B: plant uptake of sodium but could not 
quite done, instead switching to K+ ions, minor 
amount of growth by Na+ ions are seen, such as: 
cabbage, cotton, chickpea, cotton, wheat and 
spinach.  
Model C: the plant amount of Na+ ions, which 
attract the low K + ion, is replaced, such as: barley, 
rice, oats, tomatoes, potatoes and Ryegrass.   
Model D: instead of switching by the Na+& K+ 
ions are seen by the sodium and growth of these 
plants is conceptual, such as: corn, rye, soybean, 
bean farm and Timothy.   
          Green etal (1980), Figodver and colleagues 
(1987-89), the study of plant resistance to ion 
system Na+, the phenomenon of transfer of value to 
this element was raised aerial organs and declared 
that the resistant plants such as sugar beet, 
transmission from the root to shoot, and a strong 
addition to filling this vacuum transfer ion K+ 
deficiency in aerial organs, reducing the element 
concentration in roots and reduce toxicity, but in 
plants such as beans and corn absorption, sodium 
ions in roots and transport remained the aerial 
organs is very minor, however, this plant caused 
toxicity, especially root and disorder in the root 
task creates. (Figure2)   
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

Figure 2: dry weight and amount of potassium in 
resistant species (beet sugar) and sensitive (beans) 
in different concentrations of potassium and 
sodium (concentration mmol as shown in columns).  
 
         Johnson (1989), reaction weight C3 and C4 
plants in the treatments without the sodium ions 
were studied, they were told that the ions in the 
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presence of Na+, accumulation of dry matter per 
plant increased C4 plants, which acid concentration 
because followers Mesophyll cells of these plants is 
increased more CO2 is absorbed, but the change in 
C3 plants dry matter was not reported by the Na+ 
ion, although this experiment, C3 and C4 plants 
relatively resistant Na+ ion was used (Figure 3).
  

 
 
 
 
  

 
 
 
 

 
 
 
 
 

 
 
 
 

 
 
 
 

Figure 3: a) reaction C3 and C4 plants growing    
supply and increased Na+ ions absorb CO2  
b) the process of Na+ ion absorption in corn and 
followers, Base on Johnson etal (1989).   
 
       When enough K+ ions and is accessible, the 
condition and the amount of potassium ions is soil 
moisture, the corn results full of K + uptake and K+ 
by switching instead of sodium is very minor and 
insignificant, but the absence of potassium and low 
moisture content, amount of Na+ ions and 
absorption of higher salinity, which have been in 
corn shows, comparing hydrated ion size K+= 0.331 
Na+= 0.358 nm, absorption of K+ ions in sufficient 
moisture and optimal concentration of potassium, is 
more evident, salinity conditions, Na+ uptake by K+ 

ratio is limited in the amount Vacuoles low to 
moderate salinity (up to 200 mmol) is higher and 
the intensity of the high salinity decreases, the 
reason This replacement of Na+ ions instead of K+ 
ions are. Stem less than what is illustrated in the 
way of resistance mechanisms of Na+ ion uptake 
and transfer of low sodium are aerial organs that 
may be due to multiple layers is endodermis, the 
radial wall cells, the six funds its four faces and  
caspariaen strip ring that acts as a selective and 
contribution to the movement Simplest increases, 
what contribution increases than decreases plant 
resistance is the New salt (Table 1) but other 
resistance mechanisms such as leaf and root out 

salt, ion times in shoot organs and reduced 
transpiration in this regard has been reported.
   
 
Table 1: Evaluation of resistance against three 
species of plant in different concentrations of Na + 
environment  

plant Na in soil 
(%) 

Na in phloem 
(%) 

Atriplex 200 8 
Barley 100 4 
Rice 100 5 

 
        Separation process of two K+ and Na+ ions 
that a very large period was unknown, the peptides 
are the various circular and especially Alinomisin 
Game 1 in comparison with sodium potassium 
absorption and carry more, to Solvay that this 
phenomenon also in plants and animal cells is the 
same report, the resolution of various types of 
plants are not the same, for example sugar beet 
amount of sodium absorption and corn will contrast 
with very little power is to absorb sodium. The 
solution in a concentration of young corn plant 
food, 50 times more potassium than sodium 
absorption and transport are much detail this time 
to shoot is very weak and this phenomenon because 
the ions accumulated in the secondary roots of the 
Na+ ion Vonda raw wood quickly receive.                         
Mashner (1982), announced during the water 
shortage, sodium balance in the water system by 
the plant is used to set the aperture, with a sudden 
decrease in water, with the receiving aperture ion 
compared with Na+ ions released K+, much faster 
are closed in this experiment with two treatments, 
the process of closing speed and the aperture was 
performed, which quickly closed treatment " B ", 
the presence of ions Na+, were faster.   
 
 
 
 
 
 

  
  
  
  
  
  

 
  

 
Figure 4: Effect of ions Na+ & K+ on the aperture 

closure under drought stress conditions.  

  
Material and methods   
            Research in Islamic Azad University 
research farm in southwest and 3 kilometers away 
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from the city of Ahwaz split plot design in 
randomized complete block design : 1- Main 
treatments: drought stress levels  ( I0= no stress and 
control, I1= mild stress, I2= sever stress, I3= high 
sever stress )  and 2- sub-plots: phases of plant 
growth (S1= vegetable, S2= reproductive, S3= 
maturation) with four replications in two years 
2006 and 2007 were performed before planting by 
the drill samples, 10 samples of 30-0 and 60-30 cm 
depth soil was prepared, the method of pressure 
plates, parts of farm field capacity  (FC) and 
permanent wilting point (PWP), which respectively 
FC =24.7  and PWP =14.7  percent was measured, 
the apparent density of soil by the method of 
cylindrical liquid measure, equal to, respectively, 
and Pa=1.3 G/cm3 was , that these three 
parameters, FC, PWP and Pa during the experiment 
were considered fixed. Determine soil moisture 
content by weight as a method of sampling once 
every 2 days were used with this method, moisture 

by weight ( mθ ) and due to be fixed cylinder size 
drill (V) samples, percentage volumetric soil 

moisture ( )( 3Cmvθ ) was calculated using these 

two components, the amount of inflow to each plot 
(plot Game as closed and exit the water were built) 
were calculated from the following formula: 

E
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V: is equal to amount of water necessary for each 
irrigation  

)( 3Cmvθ  : equals to volume moisture percentage 

mθ : equals to weight moisture percentage  
Pa: equals to apparent weight of soil. (G/cm3) 
Fc: Field capacity points  
PWP: permanent wilting point.   
A: equals to experimental plate level (cm2) 
E: equals to irrigation efficiency 
Ds: equals to depth of root penetration (used 
tranche excavation) by installing parshal folum and 
meter we measured the amount of water entered 
into each part of land.   
           With the installation and also Flume Parshal 
exposure meter of water, the amounts of water 
input to each control plot were applied. And 
nutrient analysis to determine root depth of 3 soil 
sampling was done as follows: 
   
A = 0 - 20, B = 20 - 40, C = 40 - 60 Cm soil depth
           

 The method of the three deep trench excavation 
soil sampling to determine nutrient potassium and 
sodium in plant, potassium and sodium measured 
root photometer method was performed. Estimated 
amount of sodium for some samples, the device 
atomic absorption photometer was used. 
   
3. Results 
3.1. Potassium: The study of accumulation and 
transport in root at different depths showed that the 
irrigation cycle, developmental phases, and their 
interaction as well as replication effects at 1% level 
on percentage of potassium in root were significant. 
The Duncan test also showed that the more stress 
increase the more potassium accumulate in the root, 
so that the highest accumulation percentage was 
seen in treatment I3 (the most severe water stress) 
with 2.71ppm and under non stress condition the 
root took the lowest potassium. The trend of 
potassium accumulation in three sampling depths 
represented the greatest potassium in C depth at 
control treatment and with application of different 
water stresses, especially in the most severe 
stressed treatment, the potassium accumulation in 
both C and A depths increased. The reason is 
possibly related to high uptake of this ion in severe 
stress at C depth and also its transport trend at A 
depth (Table 2, Figure 5). 
 
Table 2: equations linear regression moves process 
of nutritional elements in various amount of 
irrigation in root length 
Depth(Cm) potassium sodium 

A = 0-20 .382+x.5060-= Y  .382+x.5050-=Y 

B = 20-40 1.79+x.268 0=Y .0150-x.1180=Y 

C = 40-60 .851+x.30= Y .0050-x.090=Y 

 
The review nutrient movement equations in Table 2 
and the notes following review are to better 
understand the problem:   
1- Values more positive slope (m line) increased 
more linear an equation in the root element 
provides.  
2- Negative slope values (m line) equations of 
linear transfer and discharge process plant element 
offers and what this number is smaller element of 
the evacuation process more parts.(Slope line in the 
table is presented with the following line) 
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Figure 5: Effect drought stress on linear regression 
equations of motion K+ ion. 
 
            The Duncan test presented the growth 
periods of three mean groups in a two-year-
experiment in which S2 treatment showed the 
highest potassium accumulation percentage. 
3.2. Sodium: The effect of irrigation cycle, growth 
stages, and their interaction as well as replication 
effect on sodium accumulation at different depths 
was not significant. 
           By increasing the stress the sodium 
accumulation increases in root. The highest 
accumulation was in I3 treatment with 0.64 ppm 
and non stress treatment with 0.12ppm was the 
lowest. The study of accumulation trend of sodium 
in three sampling depths showed that the highest 
accumulation was at C depth and when different 
stress levels were applied the highest accumulation 
was observed only in B depth. The sodium was 
accumulated at lower parts of root and the 
preventative state was seen in relation to its 
transport into A depth. Duncan test showed that 
this ion accumulation at S2 treatment through three 
different mean groups was the highest (Table 2, 
Figure 6). 
 
Discussion  
          Process of absorption capacity, such as single 
elements of K+ & Na+ polyvalent ions is easier 
done. Cautions potassium and sodium, respectively, 
have different absorption process, which attracted 
many first and second absorption and energy spend 
less and work release phenomenon is absorbed. But 
these two elements in the process of moving the 
plant root quite "are different. Potassium equation 
(Y= 0.3x+1.85) above quickly reaches the root, but 
the sodium in the equation (Y=0.09x-0.005) 
gathering to root tip. The cause of this phenomenon 
causes following: 

 
 
 

Figure 6: Effect drought stress on linear regression 
equations of motion Na+ ion. 

 
   
1 - Hydrated caution radius smaller than the 
potassium caution is sodium, potassium, so much 
quicker than moving element is sodium.  
 2 - Proteins absorb and conduct Valynomisin more 
of potassium caution, and they are to prevent 
absorption of sodium ions.   
 3 – Layers endodermis prevent movement of 
sodium ion radius are large hydrated potassium ion 
radius but less easily hydrated layers are 
endodermis password.  
          Discharge process in the range 20-40 
potassium ion sodium ion is much higher. Slope 
line equations of these two elements confirm this 
issue. Slope 0.26 line potassium ion movement and 
sodium ion motion equation line slope is 0.11. The 
numbers indicate the process of gathering and 
movement of the root elements are much larger 
numbers and everything are in the process of 
gathering further element is the element from the 
root tip moves toward more. 
        Smith (2003) stated that the trend of 
nutritional element accumulation in root is 
proportional to that of aerial organs and by 
decreasing of root development radius resulting 
from any factor, there is significant reduction in 
both phosphorus and nitrogen. On the other hand, 
by exerting mild stress, the nitrogen accumulation 
is slightly increased, for this reason, the 
accumulation of free amine amino acid like praline 
as well as root osmotic pressure decrease and 
consequently entering some water into root by 
which some nitrogen is absorbed. 
          Sobarno (2001) believed that the reason of 
phosphorus uptake decrease can be attributed to 
small movement radius of nitrogen which almost is 
half of movement radius of potassium. 
          Sormitov (2003) said that in 1/3 time of 
moisture elasticity in one time and in three times 
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the phosphorus uptake is decreased 100 percent, 80 
percent and 50 percent respectively. By increasing 
the soil moisture elasticity, water layers between 
root and soil particles is getting thinner and the 
route of ion become longer. By applying different 
water, the accumulation of single capacitated 
sodium and potassium elements was increased. 
        According to smith (2003) the accumulation 
of these elements for decreasing root osmotic 
potential and enter of more water under stress 
condition indeed regulate the osmotic pressure. The 
highest trend of accumulation all the four elements 
was seen in plant generative growing treatment and 
water stress exerted the greatest damage to 
accumulation trend the element. The trend of 
potassium accumulation during initial growth 
stages is very severe compared to accumulation of 
dry matter. The maximum potassium uptake is 
taken place when the grain begins to get milky and 
before grain formation the accumulation is 
completed.  
        The transport of potassium in to root was 
completely obvious which in 0-20 cm showed the 
highest potassium accumulation and it represent the 
transport trend toward tip of root.  
         Smith and zobel (2003) stated it is because of 
large movement radius and needed plant. 
          Sinha (1992) reported that the uptake 
potassium trend and its storage in plants like maize 
and wheat is increased during water stress and 
contribute to high resistance against water deficit. 
The mechanism of potassium uptake, mass 
movement, contact of root with ion and ion 
dissemination by soil which is the distance of ion 
K+, 6 mm two times of 3 mm. Therefore, due to 
smaller movement radial of phosphorus than the 
potassium, the phosphorus uptake trend is 
disordered by water deficit. 
        Sony et al (2001) have reported the reason of 
increased potassium uptake under drought stress 
can be attributed to active uptake mechanism of 
this ion by which the plant in order to promote its 
resistance to drought, increases the potassium 
concentration in root and other organs through 
energy consumption. The other reason is attributed 
to extended drought and wet periods in the dried 
and semi-dried regions which it causes potassium 
release through day layers. 
       The trend of transport and accumulation of 
sodium in root showed that the highest 
accumulation is at tip of root and its transport to 
upward of root was very limited during water 
stress. At this point, the prevention of endodermic 
layer of sodium penetration to aerial organs of 
maize is proposed by David (1995). 
      Zhiang (2002) stated that a great deal of plant 
energy during drought stress is consuming for 
osmotic pressure regulation, twisting the leaf and 
increasing of stomata resistance.  
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