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ABSTRACT 

 
A field experiment was conducted on a sandy clay loam soil to monitor the 
response of rice crop to model based applied B fertilizer. For this purpose, B 
adsorption isotherm of the soil was constructed at the Institute of Soil and 
Environmental Sciences, University of Agriculture, Faisalabad, Pakistan during 
2006-07. Adsorption process was executed by equilibrating 2.5g soil in 0.01M 
CaCl2 solution containing different B concentrations (0, 3, 4, 5, 6, 7, 8, 9,10 and 
15 mg). Freundlich and Langmuir adsorption models were applied to the data to 
check the sorption of B on sandy clay loam soil. Freundlich model showed 
better fit of the sorption (r2=0.99) data than Langmuir model (r2= 0.88). Ten B 
treatments (0, 0.28, 0.79, 1.27, 1.74, 2.21, 2.64, 3.10, 3.32, 3.54 kg/ha) were 
applied with recommended N, P and K doses. Boron was applied at rice 
transplanting time as basal dose. The data indicated that grains per panicle, 
1000-grain weight and paddy yield responded positively to fertilizer B but 
vegetative growth i.e. plant height, tillering and total biomass did not respond 
significantly to B application. B rate of 1.74 kg per hectare (T4) proved better for 
numbelr of grains (164.7/panicle), 1000-grain weight (21.07 g) and paddy yield 
(3.2 Mg/ha). Concentration of boron in both rice straw and paddy increased 
with B application but there was no effect of B on NPK concentration of straw 
and paddy. These results are very encouraging suggesting that for a particular 
soil, B adsorption isotherm need to be constructed for site specific fertilizer B 
application.  
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INTRODUCTION 

 
Rice is an important staple food crop in Pakistan and use of boron fertilizer 
(B) in rice tract of the country not only enhances yield of crops but also on 
many occasions, quality of produce is improved. Boron alongwith silicon and 
germanium belongs to metalloid group of elements. These elements are 
intermediate in properties between metals and non-metals, and also share 
many common features in plants. The atom is small and has only three 
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valencies. Boron atom is a component of boric acid which is very weak and in 
aqueous solution (at pH < 7); it occurs mainly as undissociated boric acid. On 
the other hand, at higher pH boric acid accepts hydroxyl ions from water thus 
forms a tetrahedral borate anion (19) as B (OH)3 + 2H2O ↔ B (OH)4

- + H3O+. 
 
The use of B fertilizer in Pakistan is almost negligible. Fertilizer use in 
Pakistan predominantly pertains to nitrogen (N) and phosphorus (P). 
Potassium (K) use, however, is confined to a few high-K requiring crops like 
tobacco and potato. Many rice varieties introduced in Pakistan are more 
susceptible to B deficiency than landraces (3, 14).  
 
Boron application methods and rates for rice crop should be carefully defined 
because of small amounts needed for correction while avoiding over-
application and possible toxicity. Broadcasted B should be incorporated to full 
cultivation depth before seedbed preparation. Surface broadcast application 
(top dress application) on hay crops is also an effective application technique.  
 
Boron rates for rice may be determined from sorption isotherms of B. A 
sorption isotherm takes into account the intensity and capacity factors, which 
are important for predicting the amount of soil nutrients required for maximum 
plant growth. It can help predict how the nutrient status of a soil will change 
upon cropping. If the critical solution level for optimum plant growth can be 
identified, then nutrient-sorption isotherm can be used to estimate the amount 
of B fertilizer needed to adjust the soil solution to achieve maximum rice yield. 
Although, amount of B required by rice crop is affected by soil factors such as 
clay minerals, CEC, organic matter, soil texture, CaCO3 and other properties, 
but these properties may not to be measured if sorption isotherms are used to 
determine soil B requirements for rice. The other important benefit of sorption 
isotherm is that little time and laboratory work is needed to produce a sorption 
curve for basic site-specific B fertilizer recommendation (20). Therefore, 
knowledge of B sorption capacity of soils provides an accurate estimate of B 
requirements of soils. 
 
Historically, B adsorption by soils has been described using empirical models 
such as Langmuir and Freundlich adsorption isotherm equations (4). Both 
equations contain two adjustable parameters and assume that adsorption 
occurs at constant solution pH. In this study isotherms were used to evaluate 
the amount of B fertilizer needed to get maximum yield of rice crop. 
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MATERIALS AND METHODS 
 

This study was conducted at farmer’s field level during the year 2006-2007. 
Soil samples (0-15cm) were collected, air-dried, ground and passed through 
a 2mm sieve and then used for the construction of boron adsorption 
isotherms. The data were then fitted to modified Freundlich and Langmuir 
equations for computing the boron adsorption capacity of soil. Electrical 
conductivity (EC), pH, CaCO3, organic matter contents and textural analyses 
were done using the standard procedures (13, 17). 
 
For the adsorption study 2.5g soil was shaken with 25ml 0.01M CaCl2 
containing B concentrations of 0, 3, 4, 5, 6, 7, 8, 9, 10, 15 mg/l as boric acid 
for 24 hours at 25°C. This process was repeated three times. After shaking, 
the soil solution was filtered through Whatman filter paper No.42. After 
filtration, B concentration in the filtrate was measured using Azomethine-H 
method by Spectronic-20 at 420nm wavelength and sorption isotherm was 
constructed at the Institute of Soil and Environmental Sciences, University of 
Agriculture, Faisalabad, Pakistan according to methods described by Rowell 
(18). Boron adsorption capacity for soil was determined by subtracting the 
equilibrium boron concentration in solution from the added boron. 
 
Freundlich Model  
 
The modified Freundlich model used to describe the soil in this work is as 
follows: 
 

x = aCb 
 

where, x = amount of B adsorbed per unit of soil (mg/kg) 
C = Equilibrium B concentration in soil solution (mg/l) 
a and b are constants which represent the intercept and slope 
of the sorption isotherms, respectively 

 
Langmuir Model  
 

C/(x/m) = 1/kb+C/b 
 

    where,   x/m = amount of B adsorbed per unit of soil (mg/kg) 
   C = equilibrium B concentration in soil solution (mg/l) 

         k = it is a constant related to bonding energy of B to the soil 
              B = it is the maximum adsorption capacity of soil  

Calculation of fertilizer B doses  
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By developing adsorption isotherm in the laboratory, different levels of B 
solution (0, 0.01, 0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15, and 0.17 mg/l) were 
worked out theoretically using Freundlich model and then equivalent to these 
specific solution levels fertilizer B doses were calculated as given below: 

 
Log (x/m) = log a + b log C 

 
where x/m is the amount of B adsorbed per unit weight of soil (mg B/kg soil) 
and C is the specific soil solution B level (mg/l). 
Fertilizer dose (mg/kg) = antilog (log x/m + log C) 
Fertilizer dose (kg/ha) = fertilizer dose (ppm) × 2 
 
Finally the above equation was used to compute fertilizer rates against 
specific soil solution B levels. 
 
Model based B, as Na-tetraborate fertilizer doses (0.00, 0.28, 0.79, 1.27, 
1.74, 2.21, 2.64, 3.10, 3.32, 3.54 kg/ ha) having different solution levels (0, 
0.01, 0.03, 0.05, 0.07, 0.09, 0.11, 0.13, 0.15 and 0.17mg/l) were applied to 
rice crop (cv. Shaheen Basmati). Basal doses of NPK (110- 90- 60- kg/ ha) 

were applied. Sources of NPK were urea, triple super phosphate and 
sulphate of potash, respectively. Data on plant height, number of tillers/m2, 
biomass (Mg/ha), grains/ panicle, 1000-grain (paddy) weight (g), and paddy 
yield (Mg/ha) were recorded. Plant samples (both grain and shoot at maturity) 
were analyzed for NPK and total boron contents. 
 

RESULTS AND DISCUSSION 
 
Adsorption based B equilibrium solution level serves as an index of B 
availability. Equilibrium B concentration appears to provide a better index of 
soil fertility using adsorption isotherm technique (22). The results (Table 1) 
show that r2 value in Freundlich equation were highly significant (at P < 0.05), 
suggesting that the data were mainly fitted to Freundlich adsorption isotherm 
equation. Therefore, this equation was used further in field study to calculate 
B fertilizer requirements of soil. By using Freundlich adsorption isotherm 
different soil solution B levels were worked out theoretically which ranged 
from 0 to 0.17 mg/l. To adjust the same soil solution B levels in field, 
equivalent fertilizer B rates varied from 0 to 3.54 kg per hectare  (Table 2). 
Boron was applied one month after nursery transplanting. Other researchers 
also adopted similar procedures to find out fertilizer rate to adjust specific soil 
solution level to get maximum yield (13).  
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Table 1. Comparison of adsorption equation and R2 

value of the soil used in this experiment. 
 

Equation R2 
Freundlich Y = 0.2868x+0.153 
Langmuir Y =0.3117x+0.2216 

0.99 
0.88 

 
Table 2. Freundlich model based B rates applied to rice crop in 

the field experiment. 
 

B rates Treatments  Adjusted soil solution 
 B levels  (mg/ l) (mg/ kg) (kg/ ha) 

Control 0 0.00 0.00 
T1 0.01 0.14 0.28 
T2 0.03 0.39 0.79 
T3 0.05 0.63 1.27 
T4 0.07 0.87 1.74 
T5 0.09 1.11 2.21 
T6 0.11 1.32 2.64 
T7 0.13 1.55 3.10 
T8 0.15 1.66 3.32 
T9 0.17 1.77 3.54 

 
Response of rice crop to model based B application 
 
Plant height (cm): Plant height of rice crop ranged from 122 cm (control 
treatment) to statistically non-significant level of 129.3 cm T4 (1.74 kg B/ ha) 
(Table 3) for which the soil solution  level  was 0.07 mg/l.  Actually  the  major  
 

Table 3. Effect of B fertilizer on plant height, tillers/m2 and total biomass 
of rice. 

  
Treatments Plant height (cm) Tillers/m2 Total biomass (Mg/ha) 
Control  122b 408 9.30 
T1 127ab 411 9.74 
T2  126.7ab 408 10.28 
T3  127.7ab 415 10.17 
T4  129.3a 426 10.32 
T5  125ab 417 9.50 
T6  127.3ab 399 9.78 
T7  124.3ab 401 9.75 
T8  124ab 400 9.53 
T9  123ab  399 9.38 
LSD (P = 0.05)  NS  

role of B in plant is pollen tube and pollen grain formation and fertilization. 
Therefore, these results agree to those of Furlani et al. (5) who reported that 
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plant height did not vary much in relation to increasing B concentrations. 
However, there were differences among cultivars for this trait, which may be 
considered as genetic attribute of the plant. 
 
Tillers per unit area: The data (Table 3) show that fertilizer B did not give a 
significant increase in tillering of rice. Maximum number of tillers (426/ m2) 
were obtained in T4. One of the most important components contributing to 
yield of crops is number of tillers per unit area. However, it is controlled by 
environmental factors and genetic make up of the plant. 
 
Total biomass: There was slight increase in biomass production due to B 
application (Table 3) but this increase was statistically non-significant. T4 
(1.74 kg B) gave maximum total biomass (10.32 Mg/ha) whereas minimum 
biomass (9.30 Mg/ha) was found in control treatment. These results are 
similar to those of Hussain et al. (9) who obtained non-significant difference in 
number of plants/m2, total number of tillers per plant and number of fertile 
tillers per plant in response to applied fertilizer B, whereas, a significant 
improvement in number of grains per spike and 1000-grain weight was found 
when fertilizer B was sprayed on wheat foliage at three growth stages i.e. 
tillering, booting and milking.  
 
Number of grains per panicle: Application of 0.28 kg B per hectare (T1) 
increased the number of grains per panicle slightly as compared to control 
treatment (Table 4). However, number of grains per panicle increased 
significantly with increase in soil solution B level. The highest number of 
grains (164.7/panicle) was recorded in T4 where adjusted soil solution B level 
was 0.07 mg/l. B rates higher than 1.74 kg decreased number of grains. 
Lower number of grains produced with the higher B rates might be due to 
toxic effect of B. Minimum grains   (133.7) were counted where adjusted soil 
solution B level was 0.15 mg/l with the application of 3.32 kg B. The increase 
in number of grains per panicle was obviously due to low available status of B 
in soil before planting.  
 
The actual B availability, therefore, can be assessed to a greater degree by B 
concentration of soil solution. It is, however, possible only after B saturation 
of B-selective binding sites through fertilizer B supply by using Freundlich 
model. In this way required B concentration of soil solution can be maintained 
well over the whole crop growth period (8). 

Table 4. Effect of B on number of grains/panicle, 1000grain weight and 
paddy yield. 
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Treatments 
(Bks/ha) 

Adjusted soil 
solution B  
level (mg/l) 

Grains/ 
panicle 

1000-grain 
weight (g) 

Paddy yield 
(Mg/ha) 

Control 0   144.0b      19.13de   2.33de 
T1  0.01   151.0ab   19.70bc     2.61bcd 
T2  0.03   147.0b      19.87b        2.62bc 
T3  0.05   154.0ab    19.50bcd        2.78b 
T4  0.07   164.7a 21.07a        3.2a 
T5  0.09   148.0b    19.63bcd        2.72b 
T6  0.11   141.7b    19.30cde     2.58bcd 
T7  0.13   139.3b    19.27cde       2.49bcde 
T8  0.15   133.7b 18.83e     2.36cde 
T9  0.17   134.7b      18.20f        2.22e 
P = 0.05 LSD = 0.8043    

 
1000-grain weight (g): There was a slight increase in 1000-grain weight with 
0.28 kg B per hectare over control treatment. It increased significantly with 
increase in soil solution B level. Maximum 1000-grain weight (21.07g) was 
recorded in T4 where adjusted soil solution B level was 0.07 mg/l. The higher 
doses of B than 1.74 kg decreased grain weight. So lighter grains were 
produced with the highest rate of 3.54 kg B which might be due to toxic effect 
of B. The grain weight obviously increased due to low available status of B in 
soil before planting. Farmers generally do not use fertilizer B but depend on 
original B and irrigation water source. Indeed, B is an essential fertilizer 
element which becomes a plant food nutrient needed to efficiently convert 
sunlight, water, and air into high yields of quality food and fibre material.  
 
Paddy yield: The data on paddy yield (Table 4) showed an increase in paddy 
yield with the application of 0.28 kg B per hectare over control treatment. It 
increased significantly with the increase in soil solution B level. Maximum 
paddy yield (3.2 Mg/ha) was recorded in T4. The higher rates than 1.74 kg B 
decreased paddy yield. Minimum yield (2.22 Mg/ha) was noted in T9 where 
adjusted soil solution B level was 0.17 mg which might be due to toxic effect 
of fertilizer B. The paddy yield obviously increased due to low available status 
of B in soil before planting. These results agree to the findings of Jana et al. 
(10) and Rashid et al. (16) who reported that B use not only enhanced paddy 
yield and reduced panicle sterility appreciably but also increased kernel 
milling recovery as well as improved cooking quality traits. It increased 
elongation upon cooking, reduced bursting and stickiness upon cooking. 
Improvement in cooking quality of rice, with better B nutrition of plants, is 
attributed to better grain filling and uniform crop maturity (15). 
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B concentration of rice straw: B contents in rice straw increased 
significantly with the increase of B-use. The highest B concentration (2.59 
mg/kg) in rice straw was found where 3.54 kg B (T9) was added (Table 5). 
Minimum B concentration (2.26 mg/kg) was found in control treatment. These 
results are in agreement to earlier scientists (5) who reported that B 
concentrations in plant parts increased linearly with B-added treatments in 
nutrient  solution  for all wheat cultivars, with highly significant coefficients for  
 

Table 5. Effect of B on its concentration in rice straw. 
 

Treatments Adjusted soil solution B 
levels (mg/l) 

B concentration 
(mg/kg) 

Control 0 2.26e 
T1 0.01 2.33ef 
T2 0.03 2.36ef 
T3 0.05 2.37de 
T4 0.07 2.42cde 
T5 0.09 2.45cd 
T6 0.11 2.47bc 
T7 0.13 2.50abc 
T8 0.15 2.55ab 
T9 0.17 2.59a 
P=0.05 LSD = 0.09396  

 
linear regression equations.  Differences among wheat cultivars were 
observed for B concentrations in leaves, stalks, spike-straw and grains, 
evidencing differential B accumulation among them in relation to B-added 
treatments. Johnson et al. (11) observed that soil B fertilization increased B 
content of grain of lentil, chickpea and wheat by a factor of two to five, while 
increasing the yield of chickpea only. 
 
B concentration of rice paddy: Boron concentration in paddy increased with 
each incremental dose of B. (Table 6) The highest B concentration  (1.03 mg/ 
kg) in rice paddy was found in T9 where maximum amount of B (3.54 kg/ ha) 
was added, whereas the lowest B concentration (0.91 mg/kg) was found in 
control treatment. Similar results were achieved by Furlani et al. (5). Johnson 
et al. (11) also observed that soil B fertilization increased B content of grain of 
lentil, chickpea and wheat by a factor of two to five, while increasing the yield 
of chickpea only.      
 

Table 6. Effect of B on its concentration in rice paddy. 
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Adjusted soil solution B levels B concentration Treatments 
(mg/l) (mg/ kg) 

Control 0 0.91f 
T1 0.01  0.92ef 
T2 0.03    0.93def 
T3 0.05      0.96cdef 
T4 0.07       0.97bcde 
T5 0.09       0.98abcd 
T6 0.11     0.99abc 
T7 0.13     1.00abc 
T8 0.15   1.01ab 
T9 0.17 1.03a 

P = 0.05 LSD=0.09396  
 
NPK concentration of rice straw: Data (Table 7) showed no effect of B on 
NPK concentration in rice straw. These results are in line with those of 
previously achieved by Cantarella et al. (2) who stated that concentrations of 
P, Ca, K and Mg in leaves (average sample of all shoot leaves) were 
considered within adequate limits as compared to data found in literature for 
flag leaf of plants grown in the field. P, K, Ca and Mg concentrations in leaves 
of wheat cultivars did not vary significantly with the increasing B 
concentrations, whereas, Amagishi and Yamamoto (1) and Furlani et al. (6) 
demonstrated that increasing external B concentrations did not interfere the 
uptake of other nutrients. They observed no interactions between B contents 
and K, Ca and Mg contents in plant DM of soybean cultivars grown under 
increasing B concentrations. 
 

Table 7.  Effect of B on NPK concentration in rice straw. 
 

Adjusted soil solution 
B levels 

 NPK concentration (g/kg) Treatments 

(mg/l)   N P K 
Control 0  2.4 0.29 14.0 
T1 0.01  2.5 0.32 14.2 
T2 0.03  2.4 0.31 14.0 
T3 0.05  2.5 0.31 13.8 
T4 0.07  2.4 0.35 14.4 
T5 0.09  2.5 0.35 14.0 
T6 0.11  2.4 0.34 14.2 
T7 0.13  2.5 0.37 13.5 
T8 0.15  2.4 0.33 14.2 
T9 0.17  2.5 0.32 14.2 
 LSD (P=0.05)  NS NS NS 

NPK concentration in rice paddy:  Data (Table 8) show that B application 
did not affect the NPK concentration in rice paddy. These results are quite 
similar to those Ghatak et al. (7) and Furlani et al. (5). Ghatak et al. (7) 
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concluded that application of B had no significant effects on N, P and K 
concentrations and uptake. However, an increasing trend in the contents and 
uptake of N, P and K was recorded. 
 

Table 8.  Effect of B on NPK concentration in rice paddy. 
 

Adjusted soil solution B 
levels (mg/l)  NPK concentration (g/kg) Treatments 

  N P K 
Control 0  12.1 5.2 20.4 
T1 0.01  12.2 4.7 20.4 
T2 0.03  12.1 4.7 20.2 
T3 0.05  12.0 5.0 21.1 
T4 0.07  12.0 5.2 20.6 
T5 0.09  12.1 5.3 20.2 
T6 0.11  12.0 5.4 20.9 
T7 0.13  12.1 5.0 20.4 
T8 0.15  12.2 5.4 20.4 
T9 0.17  12.1 4.8 20.6 
 LSD(P=0.05)  NS NS NS 

 
CONCLUSION 

 
Freundlich model proved better than the Langmuir model for the construction 
of B adsorption isotherm and computation of fertilizer doses. Application of 
fertilizer on the basis of soil solution level of B for various crops and soils may 
be used and tested in Pakistan. There was no effect of applied B on the 
vegetative growth i.e. plant height, tillering and total biomass of rice. 
However, there was a positive effect of fertilizer B on grains per panicle. The 
highest number of grains per panicle (164.7) was recorded with the 
application of 1.74 kg B per hectare. Then it decreased with increase in B 
rate and the least number of grains per panicle (133.7) was counted where 
3.32 kg B per hectare was applied. The decrease in number of grains at 
higher rates was due to toxic effect of B. 
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