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is available at the end of the was collected from the acidic region of Bangladesh in which initial soil pH was 5.2 in
article water. KH,PO, was used as the sources of phosphorus for the different level of P appli-

cation. Two recently BARI developed wheat varieties like BARI GOM 25 and BARI GOM
26 was used a testing plant with three replications. Result showed the growth param-
eter, plant biomass increased about 91 % (maximum at 120 mg P/kg) with respect to

the controlled treatment. Likewise, P uptake by wheat seedlings increases about 90 %
(maximum at 120 mg P/kg) with respect to controlled treatment. However, no signifi-
cant differences were observed between wheat varieties irrespective to growth and

P uptake by wheat seedlings. This study reveals that the elevated P taken a significant
part in the development of the wheat plant in acidic soil. These findings indicate that

the added soluble P increases the absorption of nutrients from the soil solution. How-
ever, application of elevated P is efficient both for increasing shoot development and

root growth and the phosphorus use efficiency with respect to plant utilization.

Background

Phosphorus (P) is an essential macro nutrient. It is vital to plant growth and is found
in every living plant cell. It is involved in several key plant functions including energy
transfer, photosynthesis, transformation of sugars and starches, nutrient movement
within the plant and transfer of genetic characteristics from generation after generation
(Pasek 2008). Low P availability is one of the major factors limiting crop production in
acidic soils (Conde et al. 2014). The concentrations of inorganic P in soil solution are,
however, typically very low, due to inorganic P’s propensity to bind strongly to soil sur-
faces or form insoluble complexes with cations (Talboys et al. 2014). This means that
inorganic P is often a limiting factor in plant growth and development. Phosphorus is
taken up from the soil solution by plant roots as orthophosphateions, principally as
monovalent orthophosphate, H,PO,™ ions and to a lesser extent divalent orthophos-
phate, HPO,*"ions (Armstrong 1999). Several factors can influence on both the rate
and amount of P taken up by the plant and, therefore, elevated P can affect the recovery
of a single application of P fertilizer. The same factors can also affect the recovery of
P reserves accumulated in the soil from the past additions of P as fertilizer or manure
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(Syers et al. 2008). Application fertilizer e.g., wood ash alone, mineral P fertilizer plus
lime or wood ash or localized applications of mineral P to a very small soil volume to
achieve a better growth and P uptake of wheat in acid soils which are low in available P
and have a high P fixation tendency (Melese et al. 2015).

Syers et al. (2008) reported in FAO (Food and Agriculture Organization) fertilizer and
plant nutrient bulletin that the most important factors controlling the availability of P
to plant roots are its concentration in the soil solution and the P-buffer capacity of the
soil. The latter controls the rate at which P in the soil solution is replenished, i.e., the rate
of desorption of P from the solid phase of the soil, which is faster in soils with a high
buffer capacity. Also important are the size of the root system and the extent to which
roots grow into the soil, and the efficiency with which roots take up P. When considered
a single application of P fertilizer, its efficiency depends on how well it was mixed with
the volume of exploited by the roots. Other factors that affect the crop yield, P uptake
by the crop, recovery of P and its influence and efficiency include soil moisture and the
extent of control of weeds, pests and diseases i.e., crop management. Because the effects
of these factors vary from year to year, it is essential to average estimates of P recovery
overa number of years in order to obtain reliable data. This study aims with the following
objectives: to understand how elevated P behaves in an acidic soil, to determine P uptake
by recently BARI released wheat varieties under acidic condition, evaluate growth
response of recently BARI released wheat varieties under elevated P applied condition.
This study hypothesized that elevated P will help to utilized more P by the wheat plant

even in acidic condition.

Methods

Soil and plant

Acidic soil collected form Thakurgaon district, Bangladesh was used as experimental
soil. The initial soil pH was 5.2. The basic properties of soil are out-lined in Table 1. The
BARI GOM-25 and BARI GOM-26 wheat varieties were used as a testing plant.

Experimental design

The CRD (completely Randomized Design) was adopted. The CRD experiment consisted
of five levels of Phosphorus (P) like 0, 30, 60, 90 and 120 mg P/kg and two wheat varie-
ties- BARI GOM-25 and BARI GOM-26 with three replications. The KH,PO, used as a
P source. According to the treatment, the total amount of mono-potassium phosphate
was calculated for different rates and a stock solution of KH,PO, was prepared by dilut-
ing with DI water in a volumetric flask. To avoid the interactions between soil nutrients
and added P no basal nutrients were added. The plants allowed growing for 28 days and
they had to depend on the reserved food of the seeds and the added P for their growth.

Table 1 Properties of soils used in different experiments

Soil Total Available P Exchangeable Available S AvailableZn  Organic matter
pH N (%) (ppm) K (Cmol/Kg) (ppm) (ppm) (%)

52 0.05 10.2 0.2 195 0.59 0.85
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The soil was incubated at 30 °C for 7 days then KH,PO, as per P doses were applied
directly to the soil in each cup and mixed thoroughly before sowing. The total experi-
ment was conducted in Research laboratories, Department of Agronomy and Agricul-
tural Extension, Rajshahi University, Rajshahi, Bangladesh.

Seed germination and plant sowing

Seeds of uniform size were selected for germination. The seeds BARI GOM-25 and BARI
GOM-26 were germinated in moist sand in two separate petridishes in dark at 25 °C for
70 h. Five holes (1.0 cm deep and 1.0 cm wide) were made in the soil in each plastic
cup containing 200 g pre-incubated soil. Keeping the radicals in down ward direction
five pre-germinated seeds of BARI GOM-25 and BARI GOM-26 were placed carefully
in those holes in each cup and then the seeds were gently covered with the same treated
soil. The BARI GOM-25 and BARI GOM-26 were placed in separated cups. After sow-
ing, each cup was covered by filter paper for first two (2) days to avoid disturbance of
top soil. Deionized (DI) water was sprayed on the filter paper to keep the soil moist. To
maintain the required soil moisture content 20 ml DI water was added every day to each
cup during the growth period of wheat plants and watering was stopped 3 days before
harvesting.

Plant growth condition

Plants were grown in open air under 10 h dark and 14 h light conditions. The variations
of day and night temperature were 20—30 and 15-20 °C respectively. All the cups were
re-randomized in their position on alternate days during the growing period of wheat
seedlings, to minimize the positional effects.

Plant harvesting

Plants were harvested 27 days after sowing. Whole plants with roots and surrounding
soil were removed from each cup by gentle agitating to provide minimum disturbance
to the roots and shoots. Intact plants were then lifted up gently from the soil and shaken
lightly to remove the bulk soil and then washed to remove the adhered soil from roots.
Collected bulk soil was air-dried and stored in a controlled room temperature (25 °C)
until analysis. Shoots and roots were separated. Shoots were oven dried at 70 °C for
3 days and stored for analysis. The harvested roots were washed with DI water and oven-
dried at 70 °C temp for 3 days and stored for analysis.

Phosphorus determination in soil and plant tissue

The amounts of P in root, shoot and soil were determined. After digestion in a mix-
ture of concentrated nitric and percloric acids (4:1), the concentration of P in root and
shoot materials were determined. Concentration of P in root and shoot materials were
determined using the vanadomolybdate method after digestion in a mixture of concen-
trated nitric and perchloric acids (4:1) (Zheng et al. 2005). Colorimetric method for the
determination of phosphorous concentrations in digest solutions was used. This method
is called the molydovanado-phosphate method (AOAC 1975). Briefly, phosphorous was
assayed using the molydovanado-phosphate method adding 3-ml digested solution,
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2-ml reagent and 5-ml DI water. The absorbance reading was used at 470 nm (Igbal et al.
2010).

Statistical analysis

Shoot and root parameters were analyzed by two-way ANOVA (Treatment x Variety),
total P up take as well as distribution of P in different plant parts were determined by
one-way ANOVA using Genstat 11th edition for Windows (Lawes Agricultural Trust,
UK).

Phosphorus use efficiency calculation
Phosphorus use efficiency was calculated using the formulae as described by Fageria
et al. (1997).

Total P uptake (%g)in Treatment pot — Total P uptake(%) in control pot

PUE% = x 100

P dose applied (%)

Total P uptake (mg/kg) = P uptake by root (mg/kg) + P uptake by shoot (mg/kg).

Measurements of soil physical and chemical properties

Soil textural analysis was conducted by using an abbreviated version of the international
pipette method. Clay content was determined by a pipette method after pretreatment
with H,O, to remove organic matter (Gee and Bauder 1986). The pH of the soil was
determined before incubation experiment in deionised water using a soil-to-solution
ratio of 1:2.5. Organic carbon of the soil samples was determined by wet oxidation
method (Walkley and Black 1934). Soil organic matter content was determined by mul-
tiplying the percent value of organic carbon with the conventional Van-Bemmelen’s fac-
tor of 1.724 (Piper 1950). The nitrogen content of the soil sample was determined by
distilling soil with alkaline potassium permanganate solution (Subhaiah and Asija 1956).
The distillate was collected in 20 ml of 2 % boric acid solution with methylred and bro-
mocresol green indicator and titrated with 0.02 N sulphuric acid (H,SO,) (Podder et al.
2012). Soil available S (ppm) was determined by calcium phosphate extraction method
with a spectrophotometer at 535 nm (Petersen 1996). The soil available K was extracted
with 1 N NH,OAC and determined by an atomic absorption spectrometer (Biswas et al.
2012). The available P of the soil was determined by spectrophotometer at a wavelength
of 890 nm. The soil sample was extracted by Olsen method with 0.5 M NaHCO; as out-
lined by Huq and Alam (2005). Zn in the soil sample was measured by an atomic absorp-
tion spectrophotometer (AAS) after extracting with DTPA (Soltanpour and Workman
1979).

Results
All the plant growth and P-uptake parameters were highly significant (P < 0.001) under
P levels (Table 2). Similarly, significant differences between varieties were observed in

relation to all the growth and P-uptake parameters.
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Table 2 Significance levels for the main and interactive effect of P and varieties on seed-

lings growth

Source Plant Shoot dry P concentration Root dry P uptake
of variation height weight in shoot weight in root
Variety (V) e ns. ** ns. *x

TxV FrE ns. - n.s. -

Where n.s., ** and *** represent probability of >0.05, <0.01 and <0.001, respectively.—’indicates no data available

Effect on plant height

Plant height is a genetic character of a variety but its potential can be achieved by ade-
quate crop management. The data on the effect of different P levels on plant height is
given in Fig. 1. The results showed for the variety BARI GOM 25 that the maximum
plant height (34.7 cm) was recorded in treatment T5 (120 mg P/kg), while it was min-
imum (25.49 c¢m) in treatment T1 (control). Again, the results showed for the variety
BARI GOM 26 that the maximum plant height (34.93 cm) was recorded in treatment
T5 (120 mg P/kg), while it was minimum (26.06 cm) in treatment T1 (control). Plant
height was significantly (P < 0.001) affected among all the various P application and
variety of wheat plant. It also increased with the increasing level of phosphorus applica-
tion. Hence, among low level of various phosphorous applications, Phosphorous had the
gradual increasing effect on plant height with increasing P applications, while at high
level P resulted in maximum plant height.

Shoot dry weight

As like plant height, the shoot biomass showed similar trend under different P applica-
tions. The results showed for the variety BARI GOM 25 that the maximum shoot bio-
mass (0.85 gm/pot) was recorded in treatment T5 (120 mg P/kg), while it was minimum
(0.45 gm/pot) in treatment T1 (control). Again, the results showed for the variety BARI
GOM 26 that the maximum shoot biomass (0.87 gm/pot) was recorded in treatment
T5 (120 mg P/kg), while it was minimum (0.47 gm/pot) in treatment T1 (control). The
shoot biomass was significantly (P < 0.001) affected among all the various P applications
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Fig. 1 Effect of P application on average plant height of the wheat seedlings was grown in various level of P
for 28 days
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on wheat plant. Also, the shoot biomass did not significantly (P > 0.05) differed between
varieties of wheat plant. The shoot biomass also increased with the increasing level of
phosphorus application (Fig. 2).

Root dry weight

Total root biomass varied among all the treatments. Total root biomass in BARI GOM
26 were the highest and the lowest in Treatment T5 (0.67 gm/pot) and Treatment T1
(0.32 gm/pot) respectively, followed by gradual increase in Treatments T2 (0.42 gm/pot),
T3 (0.56 gm/pot) and Treatment T4 (0.61 gm/pot) (Fig. 3). Again, for BARI GOM 25
total root biomass were the highest and the lowest in Treatment T5 (0.65 gm/pot) and
Treatment T1 (0.30 gm/pot) respectively, followed by gradual increase in Treatments
T2 (0.40 gm/pot), T3 (0.55 gm/pot) and Treatment T4 (0.60 gm/pot). Similar to shoot
dry weight, root biomass was significantly (P < 0.001) affected among all the various P
application on wheat plant. But, the root biomass did not significantly (P > 0.05) differed
between varieties of wheat plant. The root biomass also increased with the increasing
level of phosphorus application (Fig. 3).
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Fig. 2 Effect of P application on dry shoot weight of the wheat seedlings was grown in various level of P for
28 days
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Fig. 3 Effect of P application on dry root weight of the wheat seedlings was grown in various level of P for
28 days
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Shoot P uptake

In general, shoot P uptake was found in increasing trend under different P application on
wheat plant. Shoot P uptake was significantly (P < 0.001) affected among all the various
P applications on wheat plant. Total shoot P uptake in BARI GOM 26 were the highest
and the lowest in Treatment T5 (4.53 gm/kg) and Treatment T1 (0.41 gm/kg) respec-
tively, followed by gradual increase in Treatments T2 (1.36 gm/kg), T3 (3.87 gm/kg) and
Treatment T4 (4.44 gm/kg) (Fig. 4). Again, for BARI GOM 25 total shoot P uptake were
the highest and the lowest in Treatment T5 (4.49 gm/kg) and Treatment T1 (0.40 gm/kg)
respectively, followed by gradual increase Treatments T2 (1.29 gm/kg), T3 (3.79 gm/kg)
and Treatment T4 (4.37 gm/kg). The shoot P uptake of BARI GOM 25 and BARI GOM
26 was dependent on the treatments. However, the two varieties had similar responses
on shoot P uptake in the different treatments (Fig. 4).

Root P uptake

In general, root P uptake was found in increasing trend under different P application on
wheat plant. Root P uptake was significantly (P < 0.001) affected among all the various
P application on wheat plant. Total root P uptake in BARI GOM 26 were highest and
the lowest in Treatment T5 (2.11 gm/kg) and Treatment T1 (0.31 gm/kg) respectively,
followed by gradual increase in Treatments T2 (0.66 gm/kg), T3 (1.57 gm/kg) and Treat-
ment T4 (1.87 gm/kg) (Fig. 5). Again, for BARI GOM 25 total root P uptake were the
highest and the lowest in Treatment T5 (2.07 gm/kg) and Treatment T1 (0.27 gm/kg),
followed by gradual increase Treatments T2 (0.63 gm/kg), T3 (1.53 gm/kg) and Treat-
ment T4 (1.85 gm/kg). The root P uptake of BARI GOM 25 and BARI GOM 26 was
dependent on the treatments. However, the two varieties had similar responses on root
P uptake in the different treatments (Fig. 5).

Total P uptake and P distribution

In both varieties of BARI GOM 25 and BARI GOM 26 were found similar trend in
total P uptake. The total P uptake by plant was significantly high in Treatment T5 from
other treatments in both varieties. However, total P uptake was about nine times greater
in Treatment T5 than control Treatment T1. The total P uptake was greater in BARI
GOM 26 than BARI GOM 25 in all treatments. Total P uptake in BARI GOM 26 were
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Fig. 4 Effect of P application on P uptake of wheat shoot in various level of P for 28 days
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Fig. 5 Effect of P application on P uptake of wheat root in various level of P for 28 days

the highest in Treatment T5 (6.64 gm/kg) and the lowest in Treatment T1 (0.72 gm/kg)
respectively, followed by gradual increase in Treatments T2 (2.02 gm/kg), T3 (5.44 gm/
kg) and Treatment T4 (6.31 gm/kg) (Fig. 6). Again, for BARI GOM 25 total P uptake were
the highest in Treatment T5 (6.56 gm/kg) and the lowest in Treatment T1 (0.67 gm/kg)
respectively, followed by gradual increase in Treatments T2 (1.92 gm/kg), T3 (5.32 gm/
kg) and Treatment T4 (6.22 gm/kg) (Fig. 6).

P use efficiency in wheat plant

Data of P use efficiency (PUE) of wheat are given in Table 3. PUE was calculated in terms
of P uptake per unit of P application. The results revealed that lower PUE was seen at
higher P rates. The maximum PUE of 7.75 % was observed at 60 mg/kg P rate for vari-
ety BARI GOM 25 and it decreased significantly at higher P rates. Similarly, the maxi-
mum PUE of 7.95 % was observed at 60 mg/kg P rate for variety BARI GOM 26 and
it decreased significantly at higher P rates. Again, variety significantly affected the PUE
and the minimum of 4.17 % was obtained with 30 mg/kg P application for variety BARI
GOM 25 and 4.50 % was obtained with 30 mg/kg P application for variety BARI GOM
26. Results are in conformity with those of Rahim et al. (2010) who concluded that wheat
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Fig. 6 Effect of P application on P uptake of wheat plant in various level of P for 28 days
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Table 3 P concentration in root, P concentration in shoot, and P use efficiency of two
wheat varieties across different P levels

Variety Treatment Prate Pinshoot Pinroot Total P uptake P use efficiency,
(mg/kg)  (gmrkg) (gm/kg) (gm/kg) PUE (%)

BARIGOM 25 T1 0 040 0.27 067 0.00

T2 30 129 063 1.92 417

T3 60 379 1.53 532 7.75

T4 90 4.37 1.85 6.22 6.17

T5 120 449 2.07 6.56 491
BARIGOM 26 T1 0 041 0.31 0.72 0.00

T2 30 136 0.66 202 450

T3 60 3.87 1.57 544 7.95

T4 90 4.44 1.87 6.31 6.27

T5 120 4.53 2.1 6.64 4.98

growth increased significantly with the use of P. However, it is clear from Table 3 that
elevated P application has significant influence the PUE of wheat plant.

Root-shoot ratio of wheat plant

Root-shoot ratio is one of several ratios, which give estimates of the distribution of dry
matter between the different plant organs. It is a measure of the distribution of dry mat-
ter between the root and the shoot systems and it is a good indicator for effects on root
and shoots dry weights. The results (Table 4) showed that root-shoot ratio an increase
with the increasing P application in both varieties of BARI released wheat plants. Such
increase in root-shoot ratio indicates that the proportion of dry matter allocated to
roots was increased compared to the shoots. The root-shoot ration in BARI GOM 26
were the highest in Treatment T5 (0.78) and the lowest in Treatment T1 (0.69) respec-
tively, followed by gradual increase in Treatments T2 (0.73), T3 (0.74) and Treatment T4
(0.75). Again, for BARI GOM 25 the ratio were the highest in Treatment T5 (0.77) and
the lowest in Treatment T1 (0.66) respectively, followed by gradual increase in Treat-
ments T2 (0.73), T3 (0.73) and Treatment T4 (0.75). The root-shoot ratios increase with

Table 4 Root biomass, shoot biomass and root/shoot ratio of two wheat varieties
across different P levels

Variety Treatment P rate (mg/kg) Biomass production Root-shoot ratio
(gm/pot)
Shoot Root
BARI GOM 25 T 0 0.45 0.30 0.66
T2 30 0.55 040 0.73
T3 60 0.76 0.55 0.73
T4 90 0.80 0.60 0.75
T5 120 0.85 0.66 0.77
BARI GOM 26 T 0 047 032 0.69
T2 30 057 042 0.73
T3 60 0.76 0.56 0.74
T4 90 0.81 061 0.75

T5 120 0.87 0.67 0.78
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time means roots have preferential utilization of photosynthates under the elevated P

conditions.

Discussion

Effects of elevated phosphorus application on acid soils

In general, plants grow better when partially soluble phosphate is applied in compari-
son to the soluble P source. Again, Rubio et al. (2003) discussed that soil P stability and
availability influenced by soil pH. Soil pH influences the charge of the P species in solu-
tion as well as the charge of the adsorbing particles in soils. When pH rises, an increase
in the negative charge is produced thereby decreasing P adsorption; but, at the same-
time, an increase in HPO,?~ concentration is produced which has a much greater affin-
ity for reactive soil surfaces which in turn increases P adsorption (Schachtman et al.
1998). Whether a change in soil pH will increase or decrease P in soil solution some-
times depends on effect dominant (Whitelaw 2000). Therefore, below pH 6.0, most P
will be present as the monovalent H,PO,~ species, whereas H;PO, and HPO,>~ will be
present only in minor proportions. Most studies on the pH dependence of P uptake in
higher plants have revealed that uptake rates are highest between pH 5.0 and 6.0, where
H,PO,” dominates (Ullrich-Eberius et al. 1984; Furihata et al. 1992), which suggests
that P is taken up as themonovalent form. The study was conducted in acidic soil and
P doses were applied directly to the soil. The maximum Phosphorus use efficiency of
7.75 % was observed at 60 mg P/kg rate for variety BARI GOM 25 and it decreased sig-
nificantly at higher P rates. Similarly, the maximum Phosphorus use efficiency of 7.95 %
was observed at 60 mg P/kg rate for variety BARI GOM 26 and it decreased significantly
at higher P rates. Results indicate that plant growth increased significantly with the use
of P. However, it is clear from Fig. 7 that elevated P application has significant influence
the PUE of wheat plant.

Phosphorus uptake efficiency by wheat plant under acidic soil condition
After harvesting, the shoot P uptake amounts of the different treatments were compared.

At low level of P supply, shoot P uptake was significantly increased in comparison with
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Fig. 7 P use efficiency of two wheat varieties across different P levels
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the controlled treatment (Fig. 4). At high levels of available P, there were no significant
differences among all treatments. Similar results were observed in different genotypes of
wheat (Fageria and Baligar 1999; Ahmad et al. 2013; Hu et al. 2014). Total shoot P uptake
in BARI GOM 26 of Treatment T2 increased 70 % (1.36 gm/kg) in comparison with the
controlled Treatment T1 (0.41 gm/kg). Similar trend was found in T3 65 % (3.87 gm/kg)
in comparison of T2. But, at high levels of available P, in Treatment T4 and Treatment
T5 the shoot P uptake increased 13 and 2 % respectively. Again, for BARI GOM 25 total
soot P uptake in Treatment T2 was increased 69 % (1.29 gm/kg) in comparison with the
controlled Treatment T1 (0.40 gm/kg). Similar trend was found in T3 66 % (3.79 gm/kg)
in comparison of T2. But, at high levels of available P, in Treatment T4 and Treatment
T5 the shoot P uptake increased 13 and 3 % respectively. This is in line with the sugges-
tion of Cavagnaro et al. (2003) that, P uptake by plant shoot was significantly high at low
P concentration.

During collection, the root P uptake measures of the diverse treatments were ana-
lyzed. At low level of P supply, root P uptake was primarily found increase in examina-
tion with the controlled treatment (Fig. 5). At elevated amounts of accessible P, there was
no noteworthy contrast among all treatments. Comparative results were reported in dif-
ferent genotypes of wheat (Fageria and Baligar 1999; Ahmad et al. 2013; Hu et al. 2014).
Aggregate root P uptake in BARI GOM 26 of Treatment T2 increased 53 % (0.66 gm/
kg) in correlation with the controlled Treatment T1 (0.31 gm/kg). Comparable pattern
was found in T3 58 % (1.57 gm/kg) in correlation of Treatment T2. Yet, at high levels of
accessible P, in Treatment T4 and Treatment T5 the root P uptake was expanded 16 and
11 % individually. For BARI GOM 25 aggregate root P uptake in Treatment T2 increased
57 % (0.63 gm/kg) in examination compared with the controlled Treatment T1 (0.27 gm/
kg). Comparative pattern was found in T3 59 % (1.53 gm/kg) in examination of Treat-
ment T2. However, at high levels of accessible P, in Treatment T4 and Treatment T5 the
root P uptake increased 17 and 11 % separately. This is in accordance with the recom-
mendation of Cavagnaro et al. (2003) that, P uptake by plant root was significantly high
at low P concentration.

The plant P uptake measures of the various treatments were investigated. Similar to
the shoot and root phosphorus uptake pattern total plant phosphorus uptake results
were compared with different treatments. Total plant P uptake in BARI GOM 26 of
Treatment T2 increased 64 % (2.02 gm/kg) in relationship with the controlled Treat-
ment T1 (0.72 gm/kg). Similar example found in T3 63 % (5.44 gm/kg) in connection
of Treatment T2. At high levels of accessible P, in Treatment T4 and Treatment T5 the
plant P uptake increased 14 and 5 % independently. Again, for BARI GOM 25 total
plant P uptake in Treatment T2 was extended 65 % (1.92 gm/kg) in examination with
the controlled Treatment T1 (0.67 gm/kg). Similar example found in T3 64 % (5.32 gm/
kg) in examination of treatment T2. On the other hand, at large levels of available P, in
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Treatment T4 and Treatment T5 the plant P uptake was extended 14 and 5 % indepen-
dently. Thus, P uptake by plant was on a very basic level high at low P concentration.

The relationship between shoot P uptake and average plant height was analyzed
to investigate the P taken up by plants. A significant correlation (R*> = 0.87, P < 0.05)
between plant height and shoot P uptake under elevated P supply indicated that plant
development enhances with the application of P in soil (Fig. 8). Similarly, a significant
correlation (R? = 0.93, P < 0.05) between plant height and root P uptake under elevated
P application was observed. The relationship indicates that increase of the P uptake plant
height increases with elevated P application which makes increasing absorption of nutri-

ents from soil solution.

Growth response of wheat plant for elevated P application in acid soils

To investigate growth response of recently BARI released wheat varieties under elevated
P applied condition, all growth measurements, including root biomass, plant height and
shoot biomass measures were taken. The highly significant Treatment (T) interaction
for shoot growth (P < 0.001) in this study indicates that the shoot growth responses of
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Fig. 8 Relationship between a P uptake by shoot and average plant height; b P uptake by root and average
plant height of wheat plant
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BARI GOM 25 and BARI GOM 26 seedlings were dependent on the level of added P. In
all treatments, there were no significant differences between BARI GOM 25 and BARI
GOM 26 seedlings for any growth measurement. The results showed for the variety
BARI GOM 25 that the maximum plant height (34.7 cm) was recorded in treatment T5
(120 mg P/kg), while it was minimum (25.49 c¢m) in treatment T1 (control). Again, the
results showed for the variety BARI GOM 26 that the maximum plant height (34.93 cm)
was recorded in treatment T5 (120 mg P/kg), while it was minimum (26.06 cm) in treat-
ment T1 (control). Thus, plant height was significantly (P < 0.001) affected among all the
various P application and variety of wheat plant.

The shoot biomass was also significantly (P < 0.001) affected among all the various
P applications on wheat plant. The results showed for the variety BARI GOM 25 that
the maximum shoot biomass (0.85 gm/pot) was recorded in treatment T5 (120 mg P/
kg), while it was minimum (0.45 gm/pot) in treatment T1 (control). Again, the findings
indicated for the variety BARI GOM 26 that the maximum shoot biomass (0.87 gm/pot)
was in treatment T5 (120 mg P/kg), while it was minimum (0.47 gm/pot) in treatment
T1 (control).

Investigation of another growth parameter showed that total root biomass varied
among the treatments. The root biomass in BARI GOM 26 were the highest in Treat-
ment T5 (0.67 gm/pot) and the lowest in Treatment T1 (control) (0.32 gm/pot) respec-
tively, followed by gradual increase in Treatments T2 (0.42 gm/pot), T3 (0.56 gm/pot)
and Treatment T4 (0.61 gm/pot). Again, for BARI GOM 25 total root biomass were the
highest in Treatment T5 (0.65 gm/pot) and the lowest in Treatment T1 (0.30 gm/pot)
respectively, followed by gradual increases in Treatments T2 (0.40 gm/pot), T3 (0.55
gm/pot) and Treatment T4 (0.60 gm/pot). Similar to plant height and shoot biomass,
root biomass was also significantly (P < 0.001) affected among all the various P applica-
tion on wheat plant.

Root-shoot ratio is an important factor to understand growth responses of plants
under elevated P applications. The root: shoot ratio of the wheat plant with and without
treatments at the various level of P supply were analyzed (Table 4). Comparison of dif-
ferent treatment root: shoot ratio showed an increase with the increasing P application
in both varieties of BARI released wheat plants. In the same line, Bhadoria et al. (2002)
reported that, phosphate shortage increased root/shoot ratio of wheat, because root
development was more higher on elevated P. Similar results were observed in lettuce
(Buso and Bliss 1988), and maize (Gaume et al. 2001).

The relationship between shoot biomass and average plant height was analyzed to
determine the effect of plant height on the production of biomass of the wheat plant.
A significant correlation (R* = 0.92, P < 0.05) between plant height and shoot biomass
under elevated P supply indicated that plant development enhances with the applica-
tion of P in soil (Fig. 9). Similarly, a significant correlation (R* = 0.95, P < 0.05) between
plant height and root biomass under elevated P application was observed. The increase
in plant growth is largely due to increase absorption of nutrients from soil solution (Son
and Smith 1988). However, the elevated P plays significant role in the growth of the
wheat plant.
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Conclusion

This study reveals that the elevated P taken a significant part in the development of the
wheat plant in acidic soil. These findings indicate that the added soluble P increases
the absorption of nutrients from the soil solution. However, added P is efficient both
for increasing shoot development and root growth. Moreover, no varietal difference is
found in various experiments. Further extensive research and keen observation of trials
are necessary to determine the effects of high phosphorus application. Our next research
step is to analyses the plants and soils in order to determine the actual soil phosphorus

availability in an alkaline soil.
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