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Abstract 

A pot culture experiment was conducted with maize and cotton to study phosphorus (P) dynamics in soil 

and phosphorus efficiency indices in a P deficient soil (7.2 kg ha-1) with four levels of phosphorus (0, 

3.75, 7.50 and 15.0 mg P kg -1 soil). The experiment was conducted for duration of 60 days. Phosphorus -

32 was used for studying the variation in isotopically exchangeable phosphorus in soil and specific 

radioactivity in plant. Phosphorus stress increased the root – shoot ratio in both cotton and maize and 

cotton recorded the higher root – shoot ratio.  

Rhizosphere pH after 60 days of growth was slightly acidic irrespective of the crop and available P status 

of maize in rhizosphere soil was higher compared to cotton. Enhanced activity of acid phosphatase was 

observed in cotton. At all levels of P application maize recorded significantly lesser values of Fe-P and 

Ca-P and higher values of saloid - P when compared to cotton. Phosphorus translocation efficiency was 

also higher with maize than cotton under P deficient condition (P0). Under P deficiency condition maize 

recorded lower Phosphorus Stress Factor (PSF) values (42.56% at P0, 22.56% at P 3.75 and 2.47% at P 7.5) 

when compared to cotton. Maize recorded the Phosphorus Acquisition Efficiency (PAE) of 59 per cent 

while in the case of cotton it was 48 per cent. Maize having depicting high PAE, PE and low PSF values 

is better choice for P deficient condition. 

 

Keywords: Cotton, efficiency, maize, phosphorus 

 

Introduction 

Crop yield on 40 per cent of the arable land in the world is affected by P unavailability (Vance, 

2003) [23]. Even though total phosphorus content of the soil is in higher amounts, phosphorus 

availability to plants is a problem because of the phosphate binding capacity of several types 

of soils (Syers et al., 2008) [20]. Although P ions can reach larger concentrations in highly 

fertilized soils, in many soils indeed, their concentration in the soil solution is in the micro 

molar range, ranging between 0.1 and 10 μM. These are rather low compared with the 

adequate P concentrations for optimal plant growth (external P requirement) which can reach 

values of several μM or tens of μM for the most demanding crop species such as bean, cotton, 

pea, potato, onion, spinach or tomato.  

Anticipated phosphate crisis for agriculture coupled with farmer’s inability to purchase 

expensive phosphatic fertilizers and transformation of the added P to plant unavailable forms 

has threatened agricultural productivity and demands the effective strategy to deal with the 

efficient utilization of P and its availability. Under such conditions, the integration of crop 

species and crop cultivars that can make most efficient use of the P supplied by the soil and 

maintenance of fertilizer applications represents a key element of the sustainable cropping 

system. 

Crops differ in their capacity in acquisition and utilization of phosphorus. Some species 

develop more extensive root systems and root hairs allowing the plants to explore a larger 

volume of soil (Gahoonia and Nielsen 1998; Lynch and Brown 2001) [7, 13] while others alter 

the chemistry or biochemistry of the rhizosphere allowing the uptake of P from insoluble P 

forms (Braum and Helmke 1995; Gilbert et al., 1999; Watt and Evans 2003) [8, 25], increased 

production of phosphatases (Bariola et al., 1994) [2] and enhanced rate of P uptake 

(Schachtman et al., 1998) [19]. Understanding the changes in P dynamics in soil and variation 

in plant P uptake under P deficient condition can help in selecting P efficient crops for P 

deficient soils.  

 



 

~ 1669 ~ 

International Journal of Chemical Studies 

With this background, this work is was undertaken to 

understand the phosphorus dynamics and phosphorus 

efficiency indices as influenced by cotton and maize in a 

phosphorus deficient soil. 

 

Materials and Methods 

 Pot culture experiment with maize (CO 6) and cotton (MCU 

13) as the test crops and with four levels of phosphorus (0, 

3.75, 7.50 and 15 mg P kg-1 soil) was conducted in a P 

deficient soil (7.2 kg ha-1). Carrier free 32P was obtained as 

orthophosphoric acid in dilute hydrochloric acid medium 

from the Board of Radiation and Isotope Technology, 

Mumbai. The physical half-life (T½) of 32P is 14.3 days. It 

decays into 32S by emitting negatrons (β-) of Emax 1.71 MeV. 

Solution of carrier free 32 P orthophosphate was added and the 

soil was labeled at 3200 kBq pot-1. After the addition of 

phosphorus as SSP as per the treatments, the soil was 

homogenized. Other cultural practices were followed as per 

the Crop Production Guide. The experiment was carried out 

for duration of 60 days.  

At harvest, the soil adhering to the roots of the plants were 

wiped out, pooled and stored for analysis and this represented 

the rhizosphere soil and the soil which was out of contact with 

the roots was sampled as non rhizosphere (bulk) soil. 

Uprooted plants at harvest were cleaned with water followed 

by diluted HCl and deionized water and then separated into 

shoot and root. The shoot and root samples were kept in paper 

covers, shade dried and later oven dried (60oC) for 72 hours. 

Shoot and root DMP were determined and expressed in g pl-1. 

The oven dried plants were finely milled for further analysis. 

The rhizosphere and non rhizosphere soil samples collected 

were subjected to analysis of pH (Jackson, 1973) [10], 

available phosphorus (Olsen et al., 1954) [17], inorganic P 

fractions (saloid - P, Al - P, Fe - P, Ca - P) (Chang and 

Jackson, 1957) [4] and phosphataes activity (Tabatabai and 

Bremner, 1969) [21].  

In the plant samples (shoot and root), P content was estimated 

by vandomolybdate phosphoric acid yellow colour method 

(Piper, 1966) [18] and radioactive phosphorus was measured in 

a Liquid Scintillation counter (PerkinElmer - Tricarb 2810 

TR) ((L’ Annuziata and Legg, 1984) [11]. All radioactive 

measurements were counted for radioactive decay. Based on 

the analytical values, the following parameters were derived. 

1. Isotopically Exchangeable Phosphorus (IEP) 

IEP = 1/ms {(AtPp 
_ Ps)/Ap} 

Where, 

ms = Mass of soil in the pot (g); At = Total activity added 

(Bq) 

 

Ap = Radioactivity in the plant (Bq) 

Pp = Mass of P in the plant (µg) 

Ps = Mass of P in the seed (µg) 

IEP = Measure of the amount of soil P that is potentially 

available to the plant 

 

Root: Shoot ratio = Root dry matter / Shoot dry matter 

 

 
 

Phosphorus stress factor (PSF) = [Yield at adequate P – 

deficient P / Yield at adequate P] x 100 

 

Where, 

Yield at adequate P (P 40) 

Yield at deficient P (P 20 or P0) 

Phosphorus Efficiency (PE) = [yield (-P) / yield (+ P)] X 100 

 

 
 

Results 

Dry Matter Yield 

Phosphorus (P) levels, crop and their interaction exerted a 

significant effect on shoot dry matter. Biomass production 

was higher for maize than cotton and P application had a 

significant positive effect on increasing the dry matter of both 

root and shoot. In maize shoot dry matter varied between 6.29 

g pl-1 (P0) to 10.95 g pl-1 (P15). The variation in shoot dry 

matter for cotton was between 2.38 g pl-1 (P0) to 6.63 g pl-1 

(P15). In response to P application (15 mg kg-1), shoot dry 

weight increased by 64.10 per cent in cotton, 42.6 per cent in 

maize (Table 1).  

Increase in P application also resulted in increasing root dry 

matter in both the crops P 7.5 and P15 resulted in on par root 

yield. Root – shoot ratio varied from 0.281 - 0.744 for cotton 

and from 0.363 -0.463 for maize. Cotton root growth was 

vigorous and had greater root – shoot ratio compared with 

maize at P 0 and P 3.75 (Table 1).  

 

Table 1: Shoot and Root Dry Matter (60 DAS) of cotton and maize as influenced by P levels under P deficient condition 
 

Crop P supply (mg P kg -1soil) Shoot dry matter (g pl-1) Root dry matter (g pl-1) Root /Shoot Ratio 

Cotton 

0 2.38 (64.1) 1.77 0.744 

3.75 4.23 (36.2) 1.72 0.407 

7.50 6.29 (5.1) 1.82 0.289 

15.00 6.63 1.86 0.281 

Mean 4.88 1.79 0.430 

Maize 

0 6.29 (42.6) 2.91 0.463 

3.75 8.48 (22.6) 3.16 0.373 

7.50 10.68 (2.5) 3.94 0.369 

15.00 10.95 3.98 0.363 

Mean 
9.10 3.50  

SEd CD SEd CD  

 Crop (C) 0.32 0.64 0.02 0.04  

 P level (P) 0.45 0.94 0.03 0.06  

 C x P 0.60 0.13 0.04 0.08  

Fig in brackets indicates per cent decrease over 15mg P kg -1 soil 
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Table 2: Soil pH, available phosphorus and phosphatase activity in rhizosphere and non rhizosphere of cotton and maize as influenced by P 

levels under P deficient condition 
 

Crop P supply (mg P kg -1soil) pH Available P (kg ha-1) Acid phosphatase activity (μg of ρNP g -1 hr -1) 

Cotton 

 R NR R NR R NR 

0 7.45 7.82 7.69 6.69 125.07 111.42 

3.75 7.55 7.79 9.49 9.20 116.09 109.11 

7.50 7.63 7.84 11.51 10.92 109.06 95.94 

15.00 7.57 7.80 12.58 11.59 101.88 89.77 

Mean 7.55 7.81 10.31 9.60 113.02 101.56 

Maize 

0 7.38 7.74 8.04 7.14 91.10 83.37 

3.75 7.44 7.78 9.66 8.91 89.57 80.30 

7.50 7.38 7.77 13.35 11.28 79.43. 72.32 

15.00 7.44 7.77 14.02 12.15 82.66 70.01 

Mean 7.43 7.76 11.26 9.87 85.69 76.62 

  SEd CD SEd CD SEd CD 

Crop (C) 0.018 0.036 0.30 0.60 0.72 1.45 

P level (P) 0.025 0.050 0.42 0.84 1.02 2.04 

Rhizosphere (R) 0.018 0.036 0.30 0.60 0.72 1.45 

C x P 0.034 NS 0.60 1.20 1.45 2.89 

C x R 0.025 0.050 0.42 0.84 1.02 2.04 

P x R 0.034 NS 0.60 1.20 1.44 2.89 

C x P xR 0.050 0.101 0.84 1.69 2.05 4.09 

R: Rhizospere soil  NR: Non rhizosphere soil 

 

In both cotton and maize, acidification in the rhizophere soil 

was higher when compared to non rhizosphere soil (Table 2). 

Acidification was significantly higher for maize than for 

cotton. Increasing levels of P application increased the soil pH 

in both the crops. Mean Soil pH averaged over treatments was 

7.55 for cotton and 7.43 for maize. Soil pH ranged from 7.45 -

7.57 in rhizophere soil and 7.82 -7.80 in non rhizosphere soil 

for cotton. In maize, the respective values were 7.38-7.74 and 

7.74 - 7.77. 

In both the crops studied, rhizosphere soil recorded 

significantly higher available P compared to non rhizosphere 

soil. The rhizosphere of maize recorded significantly higher 

available P compared to cotton however the available P in the 

non rhizosphere soil of both the crops were on par (Table 2).  

The maximum secretion of acid phosphatase due to P 

deficiency was observed for cotton in rhizosphere (125.07 μg 

of ρNP g -1 hr -1) and bulk soil (111.42 μg of ρNP g -1 hr -1) 

and the respective values in maize were 91.10 and 83.37 μg of 

ρNP g -1 hr -1. Under P deficiency (P0) the activity of acid 

phosphatase in rhizosphere soil was 12 per cent higher in 

cotton and 9 per cent higher in maize than the bulk soil (Table 

2). 

 

Inorganic Phosphorus Fractions 

Among the inorganic fractions, Al-P, Fe-P and Ca-P are the 

three major fractions recorded. Phosphorus application 

resulted in increasing the various inorganic P fractions in both 

rhizosphere and non - rhizosphere soil. The saloid - P content 

recorded in rhizosphere soil was 13.32 ppm for cotton and 

24.16 ppm for maize. In non - rhizosphere soil the saloid – P 

content was 11.64 for cotton and 20.86 ppm for maize. In 

both the crops Al- P, Fe-P and Ca-P was higher in the non 

rhizosphere soil when compared to the rhizosphere soil. In 

control and 3.75 mg P kg-1, maize was able to utilize Fe-P and 

Ca - P but not Al-P where in a decrease in Fe-P and Ca-P was 

noticed when compared to cotton. 
 

Table 3: Changes in P fractions (ppm) in rhizosphere and non rhizosphere of cotton and maize as influenced by P levels under P deficient 

condition 
 

Crop P supply (mg P kg -1soil) Saloid-P Al-P Fe-P Ca-P 

Cotton 

 R NR R NR R NR R NR 

0 11.19 9.06 29.88 31.25 31.25 41.88 78.75 93.75 

3.75 12.19 10.63 46.25 53.13 41.25 46.88 120.31 128.75 

7.50 13.50 11.25 51.25 57.81 58.13 63.13 145.47 166.25 

15.00 16.38 15.63 57.50 57.81 64.50 66.88 168.44 192.50 

Mean 13.32 11.64 46.22 50.00 48.78 54.69 128.24 148.31 

Maize 

0 23.13 17.81 28.63 32.63 12.88 22.50 73.44 88.13 

3.75 21.63 20.00 44.50 52.75 24.00 37.88 117.03 133.95 

7.50 25.00 22.50 49.38 54.98 50.68 44.38 146.75 165.63 

15.00 26.88 23.13 53.13 53.38 56.25 56.25 147.50 185.94 

Mean 24.16 20.86 43.91 48.44 35.95 40.25 121.18 143.41 

 Initial 7.32  30.14  28.92  72.46  

Source  SEd CD SEd CD SEd CD SEd CD 

Crop (C) 0.192 0.384 0.502 1.004 0.686 1.372 1.428 2.852 

P level (P) 0.272 0.544 0.710 1.419 0.971 1.940 2.019 4.034 

Rhizosphere (R) 0.192 0.384 0.502 1.004 0.686 1.372 1.428 2.852 

C *P 0.385 0.770 1.004 2.007 1.374 2.744 2.856 5.706 

C * R 0.272 0.544 0.710 1.419 0.971 1.940 2.019 4.034 
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Table 4: Specific Radioactivity of P taken up by plants and the Isotopically Exchangeable Phosphorus in soil of cotton and maize as influenced 

by P levels under P deficient condition 
 

P supply 

(mg P kg -1soil) 

Specific Radioactivity (Bq µg-1 P) Isotopically Exchangeable Phosphorus (IEP) (Bq µg-1 P) 

Cotton Maize Cotton Maize 

0 210 66 12.31 39.07 

3.75 131 47 19.80 54.16 

7.50 107 46 23.75 53.89 

15.00 109 46 24.18 56.17 

Mean 139 51 20.01 50.82 

 

Specific radioactivity ranged from 109 (P15) – 210 (P0) for 

cotton and from 46 (P15) to 66 for maize (P0). At all levels of 

P application maize recorded significantly lower specific 

radioactivity (51 Bq µg P-1 for maize and 139 Bq µg P-1 for 

cotton). Isotopically Exchangeable Phosphorus (IEP) 

increased with increasing levels of P application. The 

calculated mean values of IEP for maize was significantly 

larger (50.82 Bq µg-1 P) than for cotton (20.01 Bq µg-1 P) 

(Table 4 and Fig).  

 

 
 

 
 

Fig 1: Specific Radioactivity of P taken up by plants and the Isotopically Exchangeable Phosphorus in soil 
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Table 5: Total P uptake and P translocation efficiency of cotton and 

maize as influenced by P levels under P deficient condition 
 

P supply 

(mg P kg -1 

soil) 

Total P uptake (mg pl-1) P translocation efficiency (%) 

Cotton Maize Mean Cotton Maize Mean 

0 4.79 13.56 9.18 60.54 77.43 72.98 

3.75 7.16 21.95 14.56 83.24 85.01 84.55 

7.50 10.65 22.97 16.81 87.98 85.55 86.32 

15.00 10.22 22.85 16.54 88.85 86.74 87.36 

Mean 8.21 20.34  83.19 84.37  

Source SEd CD     

Crop (C) 0.284 0.578     

P level (P) 0.346 0.706     

C *P 0.487 0.992     
 

Phosphorus uptake and P Translocation Efficiency  

The amount of P uptake in the shoot of both the crops 

depended on the rate of P accumulation. An increase in shoot 

P concentration was observed with increase in levels of P 

applied (Table 5). A significant positive relationship existed 

between the shoot biomass and P uptake. In cotton, a decrease 

in root P uptake was recorded with increasing levels of P 

application. Total P uptake increased with increasing levels of 

P application and it ranged from 4.79 (P0) to 10.65 (P7.5) mg 

p1-1 for cotton and 13.56(P0) to 22.97 (P7.5) mg p1-1 for maize.  

Efficient translocation of absorbed P within plants from roots 

may increase the growth of plants per unit of P absorbed. 

Under P0, maize recorded higher P translocation efficiency 

(77.43%) when compared to cotton (60.54%) (Table 5). 
 

Table 6: Phosphorus Stress Factor, P Efficiency Ratio, P Efficiency 

(Relative shoot growth), P Acquisition Efficiency in cotton and 

maize as influenced by P levels under P deficient condition 
 

P supply 

(mg P 

kg -1soil) 

P Stress factor 
P Efficiency (Relative 

shoot growth) 

P Acquisition 

Efficiency (%) 

Cotton Maize Cotton Maize Cotton Maize 

0 64.10 42.56 34.81 57.60 48.0 59.0 

3.75 36.20 22.56 61.95 77.64 - - 

7.50 5.12 2.47 92.19 97.55 - - 

15.00 - - - - - - 

Mean 35.14 22.53 47.24 58.20 - - 
 

Phosphorus stress factor decreased with increasing levels of P 

and it ranged from 5.12 – 64.10 for cotton and 2.47 (P7.5) – 

42.56 (P0) for maize. P Efficiency Ratio (g DM mg-1 P) was 

highest at P0 in both the crops. In cotton, the value recorded at 

P0 was 0.821 g DM mg-1 P and in maize PER at P0 was 0.599 g 

DM mg-1 P. The mean value averaged over treatments was 

0.733 for cotton and 0.537 for maize (Table 6). 

Phosphorus efficiency (relative shoot growth) for maize was 

higher (58.20%) when compared to cotton (47.24%). 

Phosphorus acquisition efficiency recorded was 48 per cent 

for cotton and 59 per cent for maize (Table 6). 
 

Discussion 

A considerable decrease in plant dry matter in cotton under P 

deficiency was associated with an increase in root dry matter 

suggesting increased investment in root system for nutrient 

uptake. In both the test crops, cotton and maize P deficiency 

decreased total plant dry matter and increased the root - shoot 

ratio. Higher root – shoot ratio in P stressed plants as 

compared to P sufficient plants might be due to severely 

reduced leaf growth under P stress which leads to diminished 

leaf demand for assimilates consequently causing 

translocation of photosynthates to the root for better root 

growth (Cadmak et al., 1994; Fujita et al., 2004) [3, 6]. The

response was higher in cotton when compared to maize. 

Increasing levels of P application increased the soil pH in 

both the crops. The decrease in pH under P deficiency may be 

attributed to the release of H+ ions and organic acids under P 

starvation. Acidification of the rhizosphere by maize under P 

deficient condition has also been reported by Liu et al. (2003).  

The production of acid phosphatases in response to P 

deficiency is a universal phenomenon in higher plants. Crop 

species might alter the potential phosphatase activity in the 

rhizosphere, as the degree of phosphatase activity has been 

shown to vary among crop species and with severity of P 

starvation (Tadano et al., 1993; Nath and Samanta, 2012) [22, 

16]. Higher phosphatase activity associated with cotton than 

maize may indicate their differing potentials for obtaining P 

from organic pools. Inal et al. (2007) [9] also observed higher 

acid phosphatase activity in soil under peanut than maize. 

Sparingly soluble P sources such as Ca phosphates, Al and Fe 

phosphates are not equally available to plants, and plant 

species differ in their ability to utilize these different P 

sources. Significant differences noticed in various inorganic 

fractions in rhizosphere soil indicated that rhizosphere 

chemistry might have contributed to the solubilisation of the 

sparingly soluble source. At all levels of P application maize 

recorded significantly lesser values of Fe-P and Ca-P and 

higher values of saloid – P suggesting the superiority of maize 

to access sparingly soluble P from soils compared to cotton. 

Higher acidification of rhizosphere by maize might have 

increased the solubility of Ca- P and Fe- P when compared to 

cotton.  
Different values of IEP for maize and cotton indicate that 
chemically different pools of soil P were utilized and maize 
was able to asses a larger pool than cotton. Lower specific 
radioactivity indicates that maize is using otherwise 
unavailable P sources. If cotton and maize use the same pool 
of available P, then the specific radioactivity (Bq µg-1P) of the 
P taken by both the crops will be the same. Since maize 
utilizes a pool of soil P that is unavailable to cotton it records 
a low specific radioactivity which indicates that maize was 
able to utilize unavailable P sources than cotton. The 
efficiency of maize with regard to P utilization was supported 
by the fact that L value of maize was nearly two times higher 
than that of cotton. The efficiency of maize to take up P from 
sparingly soluble inorganic P sources as indicated by low 
specific radioactivity in a medium P soil was reported earlier 
by Adu – Gyamfi et al. (2009) [1].  
Root acts as a good sink for P under P deficient conditions 
(Mengel and Kirkby, 2001) [15]. The increase in P uptake with 
the higher application of P could have been resulted from 
enhanced supply of P to the plants.  

 

Translocation Efficiency 

Crops with low ability to translocate a nutrient are less 

tolerant to the deficiency of that nutrient because they are less 

efficient to absorb that nutrient from the growth medium and 

partly they have lower ability to translocate that nutrient from 

root to shoots. In the present study, under P stress (P0) maize 

exhibited a higher translocation efficiency than cotton. The P 

retention in root decreased with increasing P supply. Wang et 

al. (2013) [24] reported that under P deficient cotton retained 

35 per cent of total P in roots compared with only 14 per cent 

in P sufficient cotton. This may result from preferential 

retention of P from the soil in the roots or mobilization and 

transport of P and sucrose (Marschner, 1995) [14] from shoots 

to roots and especially to root meristem in response to 

continuing P stress.  
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Phosphorus efficiency indices 

Phosphorus stress factor  
Crops showing relatively lower values of PSF are considered 
suitable for growing under P limiting conditions. Maize has 
recorded lower PSF values compared to cotton.  
Phosphorus acquisition efficiency (PAE) relates to the 
different extents to which plants are able to mobilize 
phosphorus from poorly soluble sources or to take up the 
soluble phosphorus available in the soil solution. Maize 
having greater capacity for rhizosphere acidification and 
solublisation of sparingly soluble Fe-P and Ca-P fractions 
might have resulted in higher PAE. 

 

Conclusion 
Cotton and maize responded to P application in a P deficient 
soil. Enhanced activity of acid phosphatase by cotton roots 
when compared to maize conferred a potential advantage for 
cotton to acquire P from organic pools. The depletion of 
inorganic P fractions (Fe-P and Ca-P) by cotton was smallest. 
At all levels of P application maize recorded significantly 
lesser values of Fe-P and Ca-P and higher values of Saloid – P 
when compared to cotton. The higher efficiency of maize over 
cotton in inorganic P fraction acquisition might be related to 
root morphological traits e.g. root hair development. At all 
levels of P application maize recorded significantly lower 
specific radioactivity and higher IEP. Different values of IEP 
for maize and cotton indicate that chemically different pools 
of soil P were utilized and maize was able to asses a larger 
pool than cotton.  
Phosphorus translocation efficiency was also higher with 
maize than cotton under P deficient condition (P0). Under P 
deficiency condition maize recorded lower PSF values 
(42.56% at P0, 22.56% at P3.75 and 2.47% at P7.5) when 
compared to cotton. Maize recorded the PAE of 59 per cent 
while in the case of cotton it was 48 per cent.  
Maize having depicting high PUE, PE and low PSF values is 
better choice for P deficient condition. A higher PAE 
efficiency of maize can be related to the ability of maize to 
take up P from insoluble inorganic P forms.  
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