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Wheat Growth in Response to Model Based Applied Fertilizer Boron
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Abstract | A field trial was done on a medium textured soil to notice the return of wheat crop to model based
applied fertilizer B. For this idea, B adsorption isotherm of the soil was developed at the Institute of Soil
and Environmental Sciences, University of Agriculture, Faisalabad, during 2013-14. Adsorption procedure
was done by harmonizing 2.5g soil in 0.01M CaCl, solution having diverse B doses (0, 0.01, 0.03 , 0.05 ,
0.07,0.09, 0.11, 0.13,0.15 and 0.17 mg B L). Freundlich and Langmuir adsorption models were applied
to the data to check the sorption of B on sandy clay loam soil. Freundlich model depicted superior fitness of
the sorption (r?=0.99) statistics than Langmuir model (r*=0.75). Ten B treatments (0, 0.47, 0.81, 1.42, 1.57,
1.95,2.35, 2.66, 3.1, 3.3 kg ha!) were applied with recommended N, P and K doses. Boron was applied at
sowing time as basal dose. The results showed that there was a positive effect of fertilizer B on grains spike™,
1000-grain weight and grain turn out however, the vegetative growth .e. plant height, tillering and total bio-
mass were affected non-significantly in response to B application. Regarding chemical analysis concentration
of boron in both wheat straw and grains increased with B application but there was no effect of fertilizer B
on NPK concentration of straw and grains. These results are very heartening; signifying that for any soil, B
adsorption isotherm need to be worked out for location precise fertilizer B use.
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boost of yield owing to B in wheat, rice and maize,

correspondingly (NFDC, 1998).

Introduction

I \ertilizer exploitation in Pakistan principally per-
t

ains to nitrogen (N) and phosphorus (P); potas- The rates and methods of B fertilization should be

sium (K) utilization is restricted to a minute number
of huge-K exploiting crops like tobacco and potato.
Application of boron (B) is not worth mentioning.
Plentiful crop varieties are extra prone to B dearth
than landraces (Chaudhry et al., 1977; Rashid and
Din, 1992). As a result, soil situation and agronomic
activities are causing to the incidence of B dearth in
plants. Grassland study in Pakistan have established
yield augment owing to B exploit on quite a lot of

crops, counting wheat, rice, maize, groundnuts, tobac-
co, as well as potato. There was 14%, 19% and 20%

specifically defined because of the minute amounts
needed for correction while avoiding over-application
and possible toxicity. B should be broadcasted after
incorporation to the full cultivation depth before pre-

paring the seedbed.

A sorption isotherm is the depiction of intensity,
quantity and capacity parameters, as these are imper-
ative to indicate soil nutrients which are obligatory
for supreme plant boom. It makes possible to envisage
how the nutrient location of a soil can differ upon
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cropping. After documenting the crucial solution
level for plant growth, nutrient-sorption isotherm
can be used to deduce the fertilizer B sought to le-
galize the soil solution for uppermost yield level. As
the clay minerals, CEC, organic matter, soil texture,
CaCO, and other properties affect the magnitude of
nutrients indispensable by a soil, which necessitate to
be measured so as to finish off soil supplies by us-
ing sorption technique. Another advantage is that for
basic site-specific fertilizer suggestion an unassuming
time as well as laboratory work is requisite to put up
a sorption curve (Solis and Torrent, 1989). So, aware-
ness of the sorption capacity of soils provides a precise
estimate of fertilizer provisions of soils.

Empirical models such as the Langmuir and Fre-
undlich adsorption isotherm equations convention-
ally present B adsorption by soils (Elrashidi and O’
Connor, 1982). Two adjustable indicators have been
included mutually by these equations and presume
that adsorption takes place at stable solution pH. To
get paramount produce of wheat crop isotherms were
used in this trial to appraise the amount of B fertilizer
desired.

Materials and Methods

This field level research was chalked out during the
year 2013-2014. For the creation of boron adsorption
isotherms soil samples (0-15cm) were collected, air-
dried, ground and passed through a 2mm sieve. Boron
adsorption capability of soi was calculated by fitting
the soil analysis results from laboratory to customized
Freundlich and Langmuir equations. Usual methods
(Moodie et al.,1959; Richards, 1954) were used for the
analysis of electrical conductivity (EC), pH, CaCO,,
organic matter contents and textural analyses. At 25°C
2.5g soil was stirred with 25m1 0.01M CaCl, having B
doses 0f 0, 3,4,5,6,7,8,9,10, 15 mg/1 as boric acid for
24 hours for the adsorption learning. Three times this
practice was continued. Whatman filter paper No. 42
was used for filtering the soil solution as the shaking
was completed. Azomethine-H method was used for
calculation of B concentration in the filtrate by Spec-
tronic-20 at 420nm wavelength after filtration, and
sorption isotherm was constructed at the Institute of
Soil and Environmental Sciences, University of Ag-
riculture, Faisalabad, Pakistan according to methods
presented by Rowell (1994). By deleting the equilib-
rium boron concentration in solution from the added
boron adsorption capacity for soil was worked out.

Freundlich Model
The modified Freundlich model used to narrate the
soil in this exertion is as follows:

x = aCh
Where;
x, amount of B adsorbed per unit of soil (mg/kg); C,
Equilibrium B concentration in soil solution (mg/1);
a and b, constants which correspond to the intercept
and slope of the sorption isotherms, correspondingly.

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/1);
k, it is a constant associated to bonding energy of B
to the soil; b, it is the maximum adsorption capacity
of soil.

Calculation of Fertilizer B doses

By rising adsorption isotherm in the laboratory, vari-
ous 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/1) were computed ten-
tatively by Freundlich model and then corresponding
to these specific solution levels fertilizer B doses were
premeditated as given below:

X
Log {—) = loga + blogC
m
Where;

x/m, amount of B adsorbed per unit weight of soil
(mg B/kg soil); C, specific soil solution B level (mg/1).
m

Fertilizer dose (_g) = antilo (10 i-|- lo C)
kg g gm g

Fertilizer dose (hg) = fertilizer dose (ppm) X 2
a

Finally the above equation was taken into account to
calculate fertilizer rates alongside specific soil solution

B levels.

Model based B, as Na-tetraborate fertilizer doses (0,
0.47,0.81,1.42, 1.57, 1.95, 2.35, 2.66, 3.1, 3.3 ke ha
1) 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 ap-
plied to wheat crop (cv. Inqulab-91). Basal doses of
NPK (110- 90- 60- kg/ ha) were added. Data on
plant height, number of tillers/m2, biomass (Mg/ha),
grains/ spike, 1000-grain weight (g) and grain yield
(Mg/ha) were noted. Plant samples (both grain and
shoot at maturity) were analyzed for NPK and total
boron contents.
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Table 1: Comparison of coefficients of determination (R?)
for the fit of the Freundlich and Langmuir equations to
the sorption data of the soil under study

Equations R2
Freundlich Y = 0.5057x + 0.3788 0.99
Langmuir Y = 0.0906x + 0.2632ns 0.75

Results and Discussion

B availability in soil is determined by adsorption
based B equilibrium solution level. Equilibrium B
concentration is a superior index of soil fertility using
adsorption isotherm technique (Tsadilas et al., 2005).
'The facts were mainly fitted to Freundlich adsorption
isotherm equation as the results (Table 1) show that
R? value in Freundlich equation was highly significant
(at P < 0.05). Therefore, this equation was used further
in field study to calculate B fertilizer requirements of
soil. By using Freundlich adsorption isotherm differ-
ent soil solution B levels were worked out theoreti-
cally which ranged from 0 to 0.17 mg/l. Equivalent
tertilizer B rates were from 0 to 3.31 kg per hectare
(Table 2) in accordance with the adjusted same soil
solution B levels in field.

Table 2: Freundlich model based B rates applied to wheat

crop

Treatment  Adjusted soil solution B rates
Blevel (mg L) mgkg!  kghal

Control 0 0 0
T1 0.01 0.235 0.47
T2 0.03 0.405 0.81
T3 0.05 0.71 1.42
T4 0.07 0.785 1.57
T5 0.09 0.975 1.95
Té6 0.11 1.175 2.35
T7 0.13 1.33 2.66
T8 0.15 1.55 3.1
T9 0.17 1.65 3.3

Boron was applied one month after sowing. Similar
procedures to find out fertilizer rate to adjust specific
soil solution were adopted by other researchers to get

maximum yield (Moodie et al., 1959).

Effect of fertilizer boron on different yield compo-
nents of wheat crop

Wheat crop yield is related to its diverse yield pa-
rameters. Core of growth parameters that are used to
express the presentation of a particular crop include

plant height, tillers m™, total biomass and 1000-grain
weight (Taiz and Zeiger, 2006).

Plant height (¢cm), Tillers m-2, Total biomass

To attain latent and unprejudiced nourishment Plant
height, tillers m™ and total biomass play the role of
genetic factors. Grain yield may also be imposed by
these factors and they show the growth manners of
a crop. Elevated yields are ensued from dense plant
stands as plant height has an imperative role in shap-
ing light interception and, as a result, height may turn
out to be a prime determinant of individual plant’s
achievement (Weiner and Fishman, 1994). There was
statistically non-significant boost (Table 3) in plant
height, total biomass, number of tillers m? due to B
addition.

Table 3: Effect of fertilizer B on plant height, tillers m™

and total biomass of wheat

Treatment Brate Plant No.of Total
height tillersm™?  biomass

kgha' (cm) Mg ha'

Control 0 71.3 308 5.8

1 0.47 71.3 300 5.8

2 0.81 70.3 320 6.0

3 1.42 69.3 320 6.0

4 1.57 72.7 316 6.1

5 1.95 69.3 303 6.1

6 2.35 69.0 320 5.9

7 2.66 68.7 304 6.0

8 3.1 67.7 316 5.9

9 3.3 68.0 300 5.9

LSD(P=0.05) NS

Similar results were obtained by Furlani et al. (2003)
who explained that on rising B concentrations, plant
height of wheat crop did not fluctuate a great deal,
but for this trait amongst wheat cultivars, there were
fluctuations, which may be considered a genetic trait
of the plant. There was non-significant dissimilarity in
reply to practical fertilizer B in, number of plants m™,
total number of tillers per plant and number of fertile

tillers per plant (FHussain et al., 2005).

Number of grains spike- 1, 1000-grain weight, grain
yield

Number of grains spike™, 1000 grain weight and
grain yield (Table 4) showed unimportant boost with
0.47 kg B ha! as compared to the control treatment.
'There was in general, an appreciable increase in these
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yield parameters with enhance in soil solution B lev-
el. Treatment 4 caused the highest number of grains
spike™ (48),1000 grain weight (43.9g) and grain yield
(3.15Mg ha™') where adjusted soil solution B level was
0.07 mg L' and B was applied at the rate of 1.57
kg ha'. There was a decline in these yield parameters,
with the higher rates than 1.57 kg B ha! which might
be due to the lethal effect of B. B application increased
these yield parameters as there was low available B in
soil before planting. B fertilizer is generally ignored
by the farmers as they depend only on natural soil
B and irrigation water source. B is an indispensable
fertilizer element which capably alters sunlight, wa-
ter, and air into high crop yields and worth food and
fiber. Each incremental level of added B up to 1.57 kg
ha caused a continuous boost in number of grains
spike™, 1000grain weight and grain yield, as is appar-
ent from this research work. B concentration of the
soil solution explains the real B availability to a great-
er degree. Fertilizer B application causes B diffusion
of the B-sensitive binding sites. Freundlich model is
used for the determination of rates of B fertilizer and
in this way for the whole crop growth period B con-
centration of the soil solution can be adjusted (Gold-
berg, 1993). The same results were achieved by Soylu
et al. (2004) and Jana et al. (2005) who explained that
with the B additions grain yields in all genotypes of
wheat crop were amplified considerably as compared
to control.

Table4: Effect of fertilizer B on grains spike™, 1000-grain
weight and grain yield of wheat

Treatments Blevel Brate No.of 1000-grain Grain

grains weight(g) yield
mgL' kgha' spike™? Mg ha'!

Control 0 0 41.0bc  40.2abcd  2.99a
1 0.01 0.47 42.0bc 41.2abcd  3.02a
2 0.03 0.81 44.3ab 42.3abc 3.06a
3 0.05 1.42 46.7a 43.1ab 3.11a
4 0.07 1.57 48.0a 43.9a 3.15a
5 0.09 195 41.0bc 40.3abcd  3.04a
6 0.11 235 40.3cd 39.4bcde  2.76b
7 0.13 2.66 36.7de 38.8cde 2.73b
8 0.15 3.1 353e  37.8de 2.66b
9 0.17 3.3 33.3e  36.1e 2.39¢

P=0.05 LSD=3.851 LSD=

0.1956

B concentration in wheat grain and straw
Soil test data about B in Pakistan is sufficient as com-

pared to Plant analysis. Rashid and Qayyum (1991)
concluded that for farmer-grown wheat, rice, sor-
ghum, rapeseed-mustard and peanut a systemic nu-
trient indexing has given wide-ranging awareness
about B level and cotton (Rashid et al., 2002). In our
research the B content of wheat as influenced by B
application was determined in the laboratory.

B concentration in wheat grain and straw augmented
with an enhancement in B-use (Table 5). But this in-

crease was statistically non-significant.

Table 5: Effect of B on its concentration in wheat grain

and straw
Treatment Blevel Brate B concentra- B concentra-
tion (straw)  tion (grain)
mgL? kgha! mgkg! mg kg™

Control 0 0 1.15¢ 0.98

1 0.01 047 1.17f 1.00

2 0.03 0.81 1.18ef 1.00

3 0.05 1.42 1.18ef 1.01

4 0.07 1.57 1.19de 1.03

5 0.09 1.95 1.20cde 1.03

6 0.11 2.35 1.21bcd 1.04

7 0.13 2.66 1.21abc 1.04

8 0.15 3.1 1.22ab 1.05

9 0.17 3.3 1.23a 1.06
P=0.05 LSD=0.01715

Table 6: Effect of B on NPK concentration in wheat

straw andgmins

Treat- Blevel Brate NPKconcen- NPK concentra-
ment tration (straw)  tion (grains)
(gkg™) (kg™

mgL? kgha'! N P K N P K
Control 0 0 6.1 037 244 182 6.7 93
1 0.01 0.28 6.5 040 24.7 17.7 6.7 10.7
2 0.03 0.79 6.5 034 244 17.7 6.3 10.0
3 0.05 1.27 6.1 038 24.0 179 6.6 10.7
4 0.07 1.74 6.1 0.34 244 172 6.5 9.3
5 0.09 221 6.1 035 244 174 6.7 10.0
6 011 2.64 6.1 033 247 17.7 6.6 93
7 0.13 3.1 6.1 035 24.7 173 6.5 10.7
8 0.15 332 6.2 034 240 18.0 6.9 10.7
9 0.17 3.54 63 034 244 17.7 6.5 10.7
LSD(P=0.05) NS NS NS NS NS NS

These outcome are in conformity with those diag-

nosed by Furlani et al. (2003) who said that B con-
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centrations in plant parts amplified linearly with the
B-added treatments in nutrient solution for all wheat
cultivars. Johnson et al. (2005) found that soil B fer-
tilization improved B substance of the grain of lentil
(Lens culinaris), chickpea (Cicer arientum) and wheat
by a part of two to five, though increasing the yield of
chickpea only.

NPK concentration of wheat straw and grains

Table 6 narrates the NPK concentration in wheat
straw and grains affected by B. It is evident that NPK
concentration in wheat was insignificantly aftected by
B. P, Ca, K and Mg in leaves (average sample of flag
leaves) were within adequate limits based on reports
in literature for the plants grown in the field. B treat-
ments did not affect significantly the P, K, Ca and Mg
concentrations in leaves of wheat cultivars studied in
this project.

External B concentrations did not interfere with the
uptake of other nutrients as demonstrated by Yamag-
ishi and Yamamoto (1994) and Furlani et al. (2003).
They observed that increasing B concentrations
caused no interactions between B and K, Ca and Mg
contents in plant DM of soybean cultivars.

Conclusion

Construction of B Adsorption isotherm and compu-
tation of fertilizer doses were better fitted to Freun-
dlich model as compared with Langmuir model. Ap-
plication 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 7.e. plant height, tillering and total
biomass of wheat crop. However, there was a positive
effect of fertilizer B on grains per spike. The highest
number of grains per spike (164.7) was recorded with
the application of 1.74 kg B per hectare. Then it de-
creased with increase in B rate and the least number
of grains per spike (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.

Author’s contribution

Both the authors had thoroughly and compre-
hensively participated in all the activities for this
study.
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