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Abstract: Research projects in three consecutive years in 1999-2000 &2000-2001 and 2001-2002 years. 
Research Station - Research Azad University of Ahvaz were performed every three years in corn research using 
factorial experiment with a randomized complete block design with base 4 replications and two water stress 
factor with four levels as the first factor (I0 : Full irrigation point of FC, control, without water stress, I1: 75% of 
the amount of irrigation treatments I0, mild stress, I2: 50% of the amount of irrigation treatments I0, severe stress,  
I3: 25% of the amount of irrigation treatment I0, very severe stress and point of PWP) , period of growth with 
three levels as the second factor (V1: vegetative period (until the emergence of the first deployment of plant 
double ring) V2: reproductive period, V3: the grain filling period in 3 years (1999-2000 &2000-2001 and 2001-
2002) (Research Station, Islamic Azad University of Ahvaz 3 km south of Ahvaz city was designed and 
executed. Fertilizer amounts given in the first and second year experiment (1999-2000 &2000-2001) the same 
(N180 P70 K0) was the third year of experiment (2001-2002) 20 percent of the amount of nitrogen and phosphorus 
fertilizers (N216 P84) and the amount of 50 kg ha potassium fertilizer (K2 O) to determine whether increased 
nutrient concentrations in the environment of plant roots in the same levels of water stress, changes in the 
process of accumulation of these elements in plant leaves, or not? Test results gathering process cluster to 
compare nutrient nitrogen, phosphorus, potassium and sodium in Different levels of water stress showed that the 
process of absorption and accumulation of nitrogen and phosphorus, two elements as well as potassium and 
sodium exclusively with each other at 1% level were similar. And because this was similar to that imposed 
different levels of water stress accumulation amount of both nitrogen and phosphorus element in the plant 
decreased, but the same amount of respect, two elements of K+ Plant showed an increasing trend Regression 
analysis of variance in nutrient interaction at different levels of water stress, nutrient interaction with nitrogen 
phosphorus level of 5%, sodium potassium, nitrogen and potassium at 1% level significant effects on the 
interaction of elements and showed sodium diet with phosphorus, potassium and sodium phosphate with 
nitrogen did not provide significant effects. P interaction with N elements with correlation coefficient, linear 
regression fit showed that with increasing accumulation of nitrogen, phosphorus accumulation also increased 
with exercise and stress levels decrease Nitrogen accumulation was. Phosphorus accumulation process also 
presented a significant decrease. fit linear regression interaction of sodium with potassium correlation 
coefficient showed that whatever amount was increased accumulation of potassium, sodium accumulation 
process of adjustment and provide significant levels Severe water stress that was greater accumulation of K, the 
process of absorption and accumulation of sodium than the control treatments (water stress) and mild stress 
(treatments) can be reduced. Increasing the nitrogen element, additive effect on the accumulation process with 
correlation coefficient K said that the effects on the control treatment (no water stress) was more evident at 
different levels of water stress by reducing nitrogen absorption, accumulation of ions to a very moderate state 
control part of his indicate that if the absorption of nitrogen in different treatments of water stress was not 
reduced, ion accumulation in the treatments than values obtained was estimated. 
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1. Interoduction  
Process of absorption and accumulation of 

nitrogen in corn because of the importance of this 
element in the growth and metabolism also play an 
important parameter for production and yield 
stability in the early stages of growth and value will 
be severely nitrogen during leaf 75 percent total 
nitrogen seems, rapid nitrogen accumulation 
process maturity seeds continue until the beginning 
of grain, 88 percent of plant N uptake, and only the 
remaining 12 percent is absorbed in the grain filling 
stage, the median between 25 between 75 days 

after green absorption is 65 percent nitrogen(1,18). 
When grain filling, nitrogen in leaf and stem and 
cob seed transmission 25 countries worldwide, 
announced that one of the important effects of 
drought which reduced the grain yield is the lack of 
absorption of nitrogen fertilizers is a significant 
limitation to the actual corn yield potential in these 
countries has created with the study of different 
sources, to determine the frequency of occurrence 
of drought and its effect on nitrogen uptake 
Research Station, plant response to nitrogen inputs 
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under different moisture regimes evaluation will 
provide is(5):  
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In this formula, expected product of corn 
to nitrogen fertilizer application rate and a drought 
index number (D) the relevant coefficients are 
constant(5). 

Process of absorption and accumulation of 
phosphorus in the plants need different periods, is 
different, 75-25 days after emergence, nearly 55 
percent of phosphorus uptake of corn is needed, 
this nutrient during the whole growth period, along 
with stored dry material is done, phosphorus during 
formation and filling Seeds, transmitted to the body 
and 75 percent of the seeds will be stored between 
canopy and the emergence of flower seeds to reach 
half of the phosphorus is needed to save the plant 
and finish reports Taylor (1992), Gomez and 
Bltrans (1992), Prmachandra and colleagues  (1993) 
confirmed the following points are:  

1 - Water stress increases the absolute 
amount of nitrogen, phosphorus, and decreased 
amounts of different effects on the absorption 
process are K.  

2 - Adult corn water stress, accumulation 
of phosphorus, nitrogen, magnesium and potassium 
were 40, 50, 60, 65 and 91 percent planted plants 
without water stress, decreased.  

3 - More water stress than nitrogen 
sorption permanent wilting point affected by 
development.  

4 - Water stress on the lower left of Ca 
absorption, and thus ratios Ca / p and Ca / k is high.  

5 - Water stress activity of older roots can 
stop and just the tip of roots to absorb nutrients do 
that bivalent cautions to a greater capacity to 
absorb, anion absorption is also limited.  

6 - In corn, water stress decreased 
absorption of phosphorus, and has a direct linear 
relationship (17).  

For plants such as corn and grain and fine 
grain that have short growing season, phosphorus 
solubility in water is very important, but for plants 
with a long growing season pasture plants such as 
these have less importance because during their 
long growing season gradually Solubility P2O5 
occurs, increase in soil phosphorus solubility, 
increased corn production will be substantially 
Potassium absorption process in the early stages of 
growth, compared with dry matter accumulation is 
very high, which is why if potash deficiency, young 
corn plants show it. At the beginning of milky stage 
of maximum absorption of potassium in plant and 
at maturity occurs when grain, 2.3 potash in the 
leaves and 3.1 of its seeds have been saved. before 
the formation of potassium absorption aggregate 
one hundred percent and completely performed in 
compared with the elements nitrogen and 
phosphorus, potash plant gathering process, 30 

days earlier reaches its maximum, and thus absorb 
potassium plant several weeks before the stop To 
be absorbed approximately potassium uptake in 
plant nitrogen has been reported When the ions K + 
sufficient and accessible, the condition that the 
amount of ions of potassium and the percentage of 
moisture is the result of corn absorbed K + 
completely done and the substitution K + by Na 
very minor and insignificant, the course in the 
absence of K and moisture content low, ions Na + 
and its absorption more was that salinity in the corn 
shows, comparing the size of ion hydrated 0.331 = 
K + and 0.358 = Na + nanometers, absorb ions of K 
+ moisture adequate and optimal concentration of 
potassium, is more evident(10,17). 

 
 

2. Material and Method   
Research projects in three consecutive 

years in 1999-2000 &2000-2001 and 2001-2002 
years. Research Station - Research Azad University 
of Ahvaz were performed every three years and as 
below soil samples were taken:  

• Before planting and Sprinkle 
fertilizer 

• After harvest and collect the 
full product 

Samples from two 30-0 and 60-30 cm depth to 
the number 5 spot for each depth was performed 
separately for physical and chemical characteristics 
of soil, nutrients and determine the percentage Soil 
organic material was sent to the laboratory, the aim 
of measuring soil nutrients after the harvest is that 
the discharge process or absorb nutrients in the 
field will be investigated and evaluated (Table 1).  

 
 

Table 1: Results of soil analysis 

soil 
Deep 
(cm) 

EC Organic 
matter 

(%) 

PH Nitrogen 
(ppm) 

Silty 0-15 6.5 0.6 7.7 635 

Silty 15-30 6.6 0.3 7.6 648 

Clay 
loam 

30-60 5.7 - 7.3 211 

 

Curve to determine the characteristics of 
soil moisture, samples 30-0 and 60-30 cm depth by 
the drill samples were taken, these samples by 
method of pressure plates under pressure 0.1, 0.3, 1, 
3, 5 and 15 were modified and the soil moisture 
curve in a field oriented coordinate system based 
on volumetric soil water potential and percent 
moisture were plotted (Figure 1) prepared purpose 
of this curve to determine the amount of water 
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stored in Soil water potential in each soil, how soil 
and water use in determining soil moisture Tension 
meter or vice versa, to convert moisture to soil 
water potential was used. 

 

 

 

 

 

 

 

 

 

 

Research projects in the form of factorial 
experiment with the basic design with two 
randomized complete block with four replications 
factor and mathematical model was performed 
following a three-year basis; 

ijkjkkjiijkX εδδδδµ +++++=  

In this model, each view Xijk value, the 
average population, the effect of first factor, the 
effect of the second factor, the effect of blocks, 
Interaction first and second factor and the effect of 
experimental error is. Because the use of a factorial 
 Experiment to prevent mixing of (soil × irrigation) 
and complete separation from the plot, to prevent 
water penetration to the adjacent plots and also the 
importance of the same first factor and the second 
is (Table 2).  
 
Table 2: Review of different treatments tested 

Main plot: 
Drought stress Levels 

Sub-plots: 
Different growth phases 

I0 : Full irrigation point of FC, 
control, without water stress 

S0: growing phase, the 
establishment of the plant 
stem to the emergence  

 I1 :  75% of the amount of 
irrigation treatments I0, mild 
stress   

S1: natal phase: to stem the 
rise of coffee being resilient 
and end silk pollination 

I2 :   50% of the amount of 
irrigation treatments I0, severe 
stress  

S2: grain filling phase: the end 
of pollen grain maturity and 
the emergence of black layer 

 I3 :  25% of the amount of 
irrigation treatment I0, very 
severe stress and point of 
PWP  

- 

 
For conducting water pressure care we 

used pressure layers, Field capacity points (FC), 

permanent wilting point  (PWP) that equals 24.6 
and 14.7 respectively, then we measured the special 
apparent weight of soil by using cylindrical, 
volume meter equals to 1.3 pa g/ cm3. These three 
parameter:  FC, PWP, Pa are considered as constant 
during experiment. Soil moisture means every 
other day calculated in sampling by the following 
formula:  
   
Weight moisture percentage: 

100% 21 ×
−

=
V

WW
Vθ 

 
Volume moisture percentage:

 100%
2

21 ×
−

=
V

WW
Mθ  

W1: the weight of moist soil. 
 W2: the weight of this sample soil after soil dried.  

 
Since the volume of sampling drill 

cylinder (V) is stable so calculate soil moisture 
volume percentage and using calculated parameters, 
calculate the amount of water entered into each part 
of land (each small part of land is enclosed so that 
water could not flow out) by using this formula: 
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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. 
 

Sampled each plate based on 1m length 
(100×75cm2) one time in fourteen days. In each 
sample we planted 4-5 corn plant in plastic bag so 
that we could analyze the nutrient elements in 
plants. Installing Parshal Flume and also taking 
water meter, the amount of water input to each plot 
and control were applied. 
 
Methods to estimate nutrient nitrogen, 
phosphorus, potassium and sodium     

Determine the nutrient once every 14 days 
from each plot based on a linear meters (75 × 100 
Cm2) were sampled, 5-4 plants in each sample after 
placing in a plastic bag immediately to the 
laboratory and analyzed to determine the nutrient 

4.2

2.5

1.5

0.6

0.1 00

0.5

1

1.5

2

2.5

3

3.5

4

4.5

1 2 3 4 5 6 % Moisture × 10

P
F

Figure 1: Curve of soil moisture field 
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was sent, that some of these samples to determine 
nutrient as follows were used:  

 
1 - the principle; experiment, part of the plant that 
the best indication of the status element 
accumulation in plants Offering to give; high 
section, middle and lower plant samples weighing 2 
g were prepared. Height Sample preparation (A = 
70, B = 70-140, C> 140 Cm) from top floor was 
considered.  
2 - Based on the recommendations of the 
researchers of Pennsylvania State University and 
Illinois, the best tissue samples to measure changes 
in plant nitrogen, plant and upper measuring 
phosphorus and potassium, lower part of the plant, 
which is in addition to implementing these 
recommendations, the average of The samples were 
estimated.  
3 - Measurement and estimation of plant N Kjeldal 
method and apparatus by distillation using the 
following formula:  

N1 
)(

100

1000

14
)(

gDryweight
NST ×××−=  

 
Amount of nitrogen in the sample based 

on percentage Normality sulfuric acid standard 
solution. N: sulfuric acid used for making Titration 
plant samples. S: sulfuric acid used for making 
Titration control.  
4 - Measurement and estimation of ammonium 
Mulibdate by calorimetric method, using 2 grams 
of plant samples were dried, and then the samples 
were mixed with magnesium nitrate and 
postoperative get ashes  , the ash in acid solution, 
and then smooth Finally phosphate was 
Calorimetric method were measured.  
5 - Measurement of potassium and sodium in plants: 
the amount of 2 g of plant sample was beaten and 
practice get ashes  dry heat than 480 ° C was 
performed after the ash in acid solution with a 
photometer methods to estimate the size of two 
elements were measured. To determine the number 
of sodium Samples from the device 2-5 Data 
analysis method and type of computer software 
Plan for statistical analysis of variance, raw data, a 
factorial experiment design based Randomized 
complete block with 4 replications that comparison 
data for analysis by a Duncan multiple range test 
was used. To perform analysis of variance and 
regression to determine the relationship between 
different variables, such as nutrient interactions, 
comparing the process of accumulation, the process 
of absorbing nitrogen and chlorophyll content, etc., 
MTB and software for the analysis of plant growth 
and seed MTB and SAS software and charts by 
2000 Excel software were drawn. Atom - a spectral 
photometer was used. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3: Comparison of the effect of drought 
stress accumulation process of nutrient nitrogen, 
phosphorus, potassium and sodium. 
 

3. Result  
Test results gathering process cluster to 

compare nutrient nitrogen, phosphorus, potassium 
and sodium different levels of water stress showed 
that the process of absorption and accumulation of 
nitrogen and phosphorus, two elements as well as 
potassium and sodium, Exclusively with each other 
at 1% level were similar. And because this was 
similar to that imposed various levels of water 
stress accumulation amount of both nitrogen and 

Figure 2: View from the farm 

1 3 2

  100.00

   66.67

   33.33

    0.00

Observations

Similarity

V1 V3 V2



                                                      ) 1(7;1 201,Journal of American Science      org.americansciencejof.www://http 

org.americanscience.www://http                                                                                org.editor@americanscience 329

phosphorus element in plants, but decreased the 
amount of respect, two elements of K+ Plant 
showed an increasing trend (Table 3 and Figure 3).  

Comparison of uptake and accumulation 
process of nutrient nitrogen, phosphorus, potassium 
and sodium in different periods showed that the 
growth process of absorption and accumulation 
period of growth (vegetative phase until the 
formation of ring Double) and (grain filling phase) 
more than similar treatments (after double-ring 
formation and Reproductive period) were in the 
process of accumulation and growth period was 
much lower than in the test cluster results in a 
classification system were replaced. (Figure 4 
Table 4).  

Table 3: Results of tests for comparison of 
cluster process nutrient uptake at different 
levels of water tension 
 
Grand 

centered 
Cluster 

3 
Cluster 

2 
Cluster 

1 
Variable 

1.7375 1.47 1.78 1.85 N (%) 
0.99 0.58 1.07 1.55 P(ppm) 
2.1925 2.45 2.36 1.98 K (%) 
0.5525 1.04 0.8 0.185 Na (%) 
 
 

Center  Cluster Between Distance 
 Cluster 3 Cluster 2 Cluster 1 

1.1946 0.7313 0.00 Cluster 1 
0.6340 0.00 0.7313 Cluster 2 
0.000 0.634 1.1946 Cluster 3 

 

Distance 
Level 

Similarity 
Level 

Number 
of cluster 

Step 

1.491 65.47 3 1 
2.344 45.72 2 2 
4.319 0.00 1 3 

 

Comparison of uptake and accumulation 
trends in nutrient and water stress interaction term 
growth by cluster test showed that the growth 
period and separately at different levels of water 
stress were very similar presentation and 
classification of this test were together (Table 4, 
Figure 5).  

 
 

 

 

 

Table 4: Cluster test results to compare nutrient 
uptake process in different periods of plant 
growth 

Grand 
centered 

Cluster 2 Cluster 1 Variable 

0.0000 1.0095 -0.5047 N (%) 

-0.000 1.1536 -0.5768 P(ppm) 

0.000 1.000 -0.5000 K (%) 

0.000 1.1524 -0.5762 Na (%) 

 

Center  Cluster Between Distance 

 Cluster 2 Cluster 1  

 3.2443 0.000 Cluster 1 

 0.000 3.2443 Cluster 2 

 

 

 

Figure 4: Comparing the assembly process 
nutrients nitrogen, phosphorus, potassium and 
sodium in different periods of growth. 
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Table 5: cluster test results to compare nutrient 
uptake process in the interaction of water stress 
and plant growth periods 

Distance 
Level 

Similarity 
Level 

Number 
of cluster 

Step 

1.402 62.0 2 1 
3.69 0.00 1 2 

Distance 
Level 

Similarity 
Level 

Number 
of cluster 

Step 

0.231 94.89 11 1 
0.380 91.59 10 2 
0.43 90.49 9 3 

0.600 86.72 8 4 
0.841 81.39 7 5 
1.248 72.38 6 6 
1.455 67.80 5 7 
1.998 55.77 4 8 
2.623 41.94 3 9 
3.042 32.65 2 10 
4.518 0.00 1 11 

 
Figure 5: Comparison of nutrient accumulation 
process in the interaction of water stress and 
plant growth periods. 
 
Nutrient interactions  

With regression analysis of variance and 
presented as linear equations between nutrient, 
nutrient interaction on the process of gathering 
them at different levels of water stress and growth 
periods separately evaluated The following results 
were obtained:  

1 - Regression analysis of variance in 
nutrient interaction at different levels of water 
stress, nutrient interaction with nitrogen 
phosphorus level of 5%, sodium potassium, 
nitrogen and potassium at 1% level significant 
effects on the interaction of elements and showed 
sodium diet with phosphorus, potassium and 
sodium phosphate with nitrogen did not provide 
significant effects. (Table 6)  

2- P interaction element with the 
correlation coefficient with nitrogen, fitted linear 

regression showed that increased accumulation of 
nitrogen, phosphorus accumulation also increased 
by applying different levels of stress decrease 
Nitrogen accumulation was. Phosphorus 
accumulation process also offered a significant 
decrease (Figure 6).  

3 - Fit linear regression interaction of 
sodium with potassium correlation coefficient 
showed that whatever amount was increased 
accumulation of potassium, sodium accumulation 
process of adjustment and provide significant levels 
Severe water stress that was greater accumulation 
of K, the process of absorption and accumulation of 
sodium than the control treatments (water stress) 
and mild stress (treatments) can be reduced. (Figure 
6)  
4 - Increase the element nitrogen, additive effect on 
the accumulation process with correlation 
coefficient K+ said that the effects on the control 
treatment (no water stress) was more evident at 
different levels of water stress by reducing nitrogen 
absorption, accumulation of ions to a very 
moderate state control part of his indicate that if the 
absorption of nitrogen in different treatments was 
not reduced water stress, ion accumulation in the 
treatments than values obtained were estimated. 
(Figure 6) Regression analysis of variance in 
nutrient interaction in the different periods of 
growth, nutrient interaction with nitrogen 
phosphorus and potassium, with nitrogen, 
respectively 5% and 1% level, significant effects on 
each other showed and nutrient interactions with 
sodium potassium, phosphorus, sodium, potassium 
and sodium phosphate with nitrogen did not 
provide significant effects (Table 6). 
  
The following results can be investing: 

1 - the process of accumulation of nitrogen 
in the vegetative period of treatment, the highest 
accumulation of this element in plants showed that 
Periods of growth and accumulation, adjustment 
was significant, with increased accumulation of 
nitrogen in each phase of growth, P accumulation 
time significantly and can be significantly 
increased with decreasing nitrogen accumulation 
Phases of growth, and phosphorus accumulation in 
the two-phase growth was reduced, in this regard, a 
go to the incidence of positive correlation did. 
(Figure 7). 

2 - Effect of N accumulation onion 
accumulation in different periods of plant growth 
from the accumulation of phosphorus (Part 1) was 
much higher than the correlation with N 
accumulation process in each period, the 
accumulation of potassium  

To be significant indicated that the three 
periods of growth phase and the process of 
accumulation of both elements N and K in terms of 
value, had a high correlation (Figure 7). 
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Figure 6: Fitting linear regression nutrient 
interaction at different levels of water stress 
A) Nitrogen & phosphorus  
B) Sodium & potassium  
C) Potassium & nitrogen 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Fitting linear regression nutrient 
interaction in the different periods of growth  

A) Nitrogen & phosphorus 
B) Potassium & nitrogen 

4- Discussion  
Process of accumulation of nitrogen and 

phosphorus and potassium and sodium levels of 
water stress was also very similar process so that 
with increasing water stress, nitrogen and 
phosphorus accumulation in plants, but reduced 
accumulation of potassium and sodium in the plant 
increased (1, 17, and 5). 

the process of accumulation of nitrogen, 
phosphorus and potash, especially nitrogen and 
potassium in corn also an increasing trend is similar, 
but Lopez (1992) proclaims that under water stress 
due to decreased absorption of nitrogen and 
phosphorus during the similarity of the process 
plant life process of change increased accumulation 
of potassium and sodium in a process similar to the 
levels of water stress were both single capacity of 
these elements under water stress were more 
absorbed in this connection about 50 times the 
absorption of potassium sodium adsorption was one 
of the reasons that attract little sodium presence of 
ions in the soil was tested certainly if the amount of 
potassium in the soil element was lower absorption 
of Sodium showed further increase(8).  

Process of nutrient accumulation in 
different growth stages was different, the highest 
element in the process of gathering all four periods 
of plant growth was the highest growth rate was 
achieved, but the periods of growth and 
development was done in less and less because of 
this growth, less need elements had accumulation 
of N, phosphorus, potassium and sodium showed 
less (24).  

The absorption and accumulation of 
nitrogen element in the plant increased 
accumulation of phosphorus and plant  significant 
increase was in other words the process of 
absorption and accumulation of the element 
nitrogen phosphorus and potassium accumulation 
increased considerably increased Anthony (1998) 
proclaims that increased plant growth and nitrogen 
element required for the elements phosphorus and 
potash in order to increase the nitrogen element 
technique parameters such as root stages, resistance 
to water shortages, spread of LAI, etc. as necessary 
should that be due to increased water stress 
conditions reduce accumulation of potassium ions 
and nitrogen interaction of nitrogen and potassium, 
a negative trend shows that for increasing plant 
resistance to water stress and leaf area also 
decreased to prevent waste of water by sweating on 
different behavioral stress conditions takes (2000 
cm ) so impaired absorption and accumulation of 
ions such as nitrogen and other increased uptake 
increased potassium uptake is reduced in several 
reports by Mashner (1985) stated that plants, if any 
negative effect on ion absorption capacity of 
single-caution of other ions such as affects(1,10).  
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Table 6: Analysis of variance regression nutrient interaction at different levels of water stress 

df                                                                                               Mean Squared  Resource 
changes  

  NP &+
  KNa &  NK &  PNa &  PK &  NNa &  

Regression  1  *21.0  
**56.0  

**38.0  
sn.39.0  

sn.12.0  
sn.28.0  

Error 2  0.11  0.0006  0.02  0.086  0.036  0.14  

(%)2R  50.4 61.7 69.7 55.5 97.6 69.9 ـ 

Linear 
regression 
equation  

  P=-
0.8+1.03N  

 

Na=2.51-0.57 
K 

K=3.65-
0.89N 

Na=1.85-1.32 
P 

K=2.9-
0.7P 

Na=2.96-1.38 
N 

*Each element being the first letter abbreviation represents the dependent variable (y) and the second letter 
independent variable (x) is. 
 

Table 7: Analysis of variance regression nutrient interaction in the different periods of growth 

df  Mean Squared  Resource 
changes  

  NP &+
  KNa &  NK &  PNa &  PK &  NNa &  

Regression  1  *38.0  
ns48.0  

**42.0  
sn.006.0  

sn.3  
sn.49.0  

Error 2  0.019  0.21  0.0001  0.003  0.12  0.2  

(%)2R  70.8 71.2 58.3 100 69.3 72.2 ـ 

Linear 
regression 
equation  

  P=0.203+0.4N Na=-
1.76+1.07K 

K=1.06+0.532
N 

Na=-
1.01+1.2P 

K=1.16+0.8P Na=-
6.4+0.57N 

*Each element being the first letter abbreviation represents the dependent variable (y) and the second letter 
independent variable (x) is. 
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