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culture in alkaline soil. The soil having pH 7.9 was collected from the alkaline region of
Bangladesh. KH,PO, was used as the source of phosphorus for the different level of P
applications. Two recently BARI developed wheat varieties namely BARI GOM 25 and
BARI GOM 26 were used as testing plants with three replications. Result showed the
growth parameter increased with the increase of P application. Likewise, P uptake by
wheat seedlings also increases with the elevated P application. However, no signifi-
cant differences were observed between wheat varieties irrespective of growth and P
uptake by wheat seedlings. Moreover, elevated P concentrations in the shoot of wheat
plants probably provided more P for shoot unloading of P and for P assimilation in the
controlled roots, resulting in increased P concentrations in the roots of wheat plants,
that means, translocation of P in the roots. These findings indicate that the added solu-
ble P increases the absorption of nutrients from the soil solution. However, application
of elevated P is efficient both for increasing shoot development and root growth and
plays significant role in the phosphorus dynamics within the wheat plants in split root
system in alkaline soil.
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Background

Phosphorus (P) availability in most calcareous soils is very low, limiting crop production,
because of the formation of sparingly soluble phosphate compounds with Ca in alka-
line soils (Marschner 1995). It is estimated that more than 30 % of soils cultivated glob-
ally suffer from P deficiency stress, and that the world reserves of P might be depleted
by 2050 (Batjes 1997; Vance et al. 2003). Phosphorus deficiency is also a critical nutri-
tional problem in plant growth as it plays a key role in plant growth and is the major
plant growth-limiting nutrient despite its abundance in soils in both inorganic and
organic forms (Gyaneshwar et al. 1999). It is absorbed by the plants, in orthophosphate
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(H,PO,™ and HPO,*") forms (Hinsinger 2001). Phosphorus is important in several
physiological processes of plants, especially in photosynthesis, carbon metabolism, and
membrane formation (Wu et al. 2005). The concentrations of inorganic P in soil solution
are, however, typically very low, due to inorganic P’s propensity to bind strongly to soil
surfaces or form insoluble complexes with cations. This means that inorganic P is often
a limiting factor in plant growth and development. This has resulted in a large num-
ber of developmental traits amongst plant species that can enhance inorganic P uptake.
Physiologically these include the modulation of root elongation (Sénchez-Calderén et al.
2005), branching (Linkohr et al. 2002; Lépez-Bucio et al. 2002), and root hair density
(Ma et al. 2001). The root system may also act to enhance inorganic P uptake by exud-
ing protons (Hinsinger 2001), organic acid anions (Ryan et al. 2001), and phosphatases
(Tadano and Sakai 1991) into the rhizosphere, or by the formation of symbioses with
arbuscular mycorrhizas or ectomycorrhizas (Péret et al. 2011; Smith et al. 2011). Phos-
phorus is readily translocated within the plants, moving from older to younger tissues
as the plant forms cells and develops roots, stems and leaves. Moreover, in inorganic
P-deficient plants the restricted supply of P to the shoots from the roots via the xylem
is supplemented by increased mobilization of stored P in the older leaves and retrans-
location to both the younger leaves and growing roots. To understand the mechanisms
controlling these traits is, therefore, of great importance in the pursuit of improved crop
inorganic P uptake.

Keeping in view of the above facts, the study aims at following objectives: to under-
stand mechanisms involved in the utilization of inorganic phosphorus by wheat plant
under various split-root systems in alkaline soil and to quantify how translocated
phosphorus effects on wheat plant within split-root system under different P efficient

condition.

Methods

Experimental design

Soil and plant

In this study, alkaline soil was used as experimental soil. The alkaline soil collected from
Ganges River Floodplain (Rajshahi District, Bangladesh) which soil types predominantly
include calcareous grey floodplain soils. The initial soil pH was 7.9 in water. The basic
properties of soil are out-lined in Table 1. The BARI GOM-25 and BARI GOM-26 wheat

varieties were used as testing plants.

Design

The split-root experiment was conducted with the treatments described in Table 2. The
BARI GOM 25 and BARI GOM 26 were compared. The treatments were replicated
three times. KH,PO, chemical was used as P. To avoid the interactions between soil

Table 1 Properties of soils used in different experiments

SoilpH TotalN (%) AvailableP  Exchangeable K AvailableS AvailableZn  Organic matter
(ppm) (Cmol/kg) (ppm) (ppm) (%)

7.9 0.03 14.3 0.21 5.6 11.55 0.55
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Table 2 Split-root system with different treatments

Treatment  Symbols  Treatment symbols P level
Compartment 1 Compartment2  Compartment 1 Compartment 2
(mg P/kg) (mg P/kg)
A 0P/0P oP 0P 0 0
B 10P/50P 10P 50P 10 50
@ 50P/200P 50P 200P 50 200

nutrients and added P, no basal nutrients were added. The plants were allowed to grow
for 28 days and they had to depend on the reserved food of the seeds and the added P for
their growth.

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 the Research laboratories, Department of Agronomy and Agri-
cultural Extension Rajshahi University, Rajshahi.

Construction of split-root system

Pots having two compartments or chambers with a fixed partition-wall at the middle of
the pot were used for the treatment. Each compartment was filled with 500 g of experi-
mental soil. The soil was compacted. The whole split root system with soil and plant was
continued for 28 days.

Crop management

Seed germination and seedling preparation

Seeds of uniform size were selected for germination. The seeds of BARI GOM-25 and
BARI GOM-26 were germinated in moist sand in two separate trays in dark at 25 °C for
70 h. To produce young seedlings, the germinated seeds were allowed to grow for 5 days
in those separate trays.

Cultivation of plant

To support the transplanted seedlings, five slots were made on each side of the partition-
wall of the pot. Five days old healthy seedlings, were transplanted. Each seeding bearing
four seminal roots, (6—7 cm long) after cutting one-uneven root, was taken. A single-
seedling was put into each slot keeping two seminal roots in each compartment. Then
the roots were covered with the same treated soil and watered immediately after plant-
ing. 20 ml water was added to each compartment every day and watering was stopped
3 days before harvesting.

Harvesting

The experimental plants were harvested 27 days after transplanting. The shoots were cut
0.5 cm above the base part of the stem uniformly. Then the roots were cut 0.5 cm below
the base part and separated carefully into two halves as previously marked. Soils from
two root halves where removed carefully so that the roots could not be tonned or left
in the soil. Then the collected bulk soil was air dried and stored in a controlled room
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temperature (25 °C) until analysis. Then the roots were washed with DI water to remove
the adhered soil from roots. The washed roots were oven dried at 70 °C for 3 days.
Shoots were also oven dried at the same temperature for the same time. After drying, the
root and shoot samples were weighed and stored for analytical experiments.

Lab analysis

Measurements of soil physical and chemical properties

Soil textural analyses were conducted by using an abbreviated version of the Interna-
tional Pipette method. Clay content was determined by a pipette method after pre-
treatment with H,0O, to remove organic matter (Gee and Bauder 1986). The pH of the
soil was determined before incubation 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 multiplying
the percent value of organic carbon with the conventional Van-Bemmelen’s factor of
1.724 (Piper 1950). The nitrogen content of the soil sample was determined by distill-
ing soil with alkaline potassium permanganate solution (Subbiah and Asija 1956). The
distillate was collected in 20 ml of 2 % boric acid solution with methylred and bromo-
cresol 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 NaHCOj; 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).

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 using the vanadomolybdate method after digestion in
a mixture of concentrated nitric and perchloric acids (4:1) (Zheng et al. 2005). Colori-
metric 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, 2-ml reagent and 5-ml DI water. The absorbance reading was
used at 470 nm (Igbal et al. 2010).

Statistical analysis

Shoot parameters were analysed by two-way ANOVA (Treatment x Variety) and root
parameters were analysed by three-way ANOVA (Treatment X Variety x compart-
ment), total P uptake 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).
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Results

All the plant growth and P-uptake parameters were highly significant (P < 0.001) under
P levels (Table 3). Similarly, significant differences among varieties were observed in
relation to all the growth and P-uptake parameters.

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 (30.76 mm) was recorded in treatment C (50P/200P mg/kg), while it was min-
imum (23.87 mm) in treatment A (control). Again, the results showed for the variety
Bari GOM 26 that the maximum plant height (30.99 mm) was recorded in treatment
C (50P/200P mg/kg), while it was minimum (25.13 mm) in treatment A (control). Plant
height was significantly (P < 0.001) affected among all the various P applications and
variety of wheat plants. It also increased with the increasing level of phosphorus appli-
cation. Hence, among low level of various phosphorous application, Phosphate had the
gradual increasing effect on plant height with increasing P applications, while at high

level P resulted in maximum plant height.

Table 3 Significance levels for the main and interactive effect of P and varieties on seed-

lings growth

Source of variation ~ Plant height  Shoot dry P concentration Root dry P uptake in root
weight in shoot weight

Treatment (T) *wx *x Xk Xk .

Variety (V) i ns. *x %% %

Compartment (C) - _ _ X P

TxV FrE ns. Fxx n.s. n.s.

TxC - — — *XK KKK

CxV - - - n.s. n.s.

TxVxC - - - n.s. n.s.

n.s., **, ¥** Probability of >0.05, <0.01 and <0.001, respectively, and ‘-’ (dash) indicates no data available
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Fig. 1 Effect of P application on average plant height of the wheat seedlings grown in various level of P for
28 days
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Shoot dry weight

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 (0.60 g/pot) was recorded in treatment C (50P/200P mg/kg), while it was minimum
(0.40 g/pot) in treatment A (control). Again, the results showed for the variety Bari
GOM 26 that the maximum shoot biomass (0.62 g/pot) was recorded in treatment C
(50P/200P mg/kg), while it was minimum (0.42 g/pot) in treatment A (control). The
shoot biomass was significantly (P < 0.001) affected among all the various P applications
on wheat plant. The shoot biomass did not significantly (P > 0.05) differ between varie-
ties of wheat plants. The shoot biomass also increased with the increased level of phos-
phorus application (Fig. 2).

Root dry weight

Total root biomass varied among the treatments. Total root biomass of Bari GOM 26 in
Treatment C on compartment II (200 mg/kg P) was highest (0.57 g/pot) and lowest in
Treatment A-II (0 mg/kg P) (0.23 g/pot), followed by gradual increase in the Treatment
A-T (0 mg/kg P) (0.26 g/pot),Treatment B-I (10 mg/kg P) (0.32 g/pot), Treatment B-II
(50 mg/kg P) (0.46 g/pot) and Treatments C-I (50 mg/kg P) (0.47 g/pot) (Fig. 3). Again,
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Fig. 2 Effect of P application on dry shoot weight of the wheat seedlings 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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for Bari GOM 25 total root biomass was highest in Treatment C on compartment II
(200 mg/kg P) (0.55 g/pot) and lowest in Treatment A-II (0 mg/kg P) (0.22 g/pot), fol-
lowed by gradual increase in the Treatment A-I (0 mg/kg P) (0.25 g/pot), Treatment B-I
(10 mg/kg P) (0.30 g/pot), Treatment B-II (50 mg/kg P) (0.45 g/pot) and Treatments C-I
(50 mg/kg P) (0.46 g/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 affected moderately (P < 0.01) between two varieties of wheat plants. The root
biomass also increased with the increasing level of phosphorus application.

Shoot P concentration

In general, shoot P concentration was found in increasing trend under different P appli-
cation on wheat plant. Shoot P concentration was significantly (P < 0.001) affected
among all the various P applications on wheat plant. Total shoot P concentrations in
BARI GOM 26 was the highest and the lowest in Treatment C (50P/200P mg/kg)
(4.27 g/kg) and Treatment A (OP/OP mg/kg) (0.40 g/kg) respectively, but intermediate
in Treatments B (10P/50P mg/kg) (1.69 g/kg) (Fig. 4). Again, for BARI GOM 25 total
shoot P concentrations was the highest and the lowest in Treatment C (50P/200P mg/
kg) (4.02 g/kg) and Treatment A (OP/OP mg/kg) (0.39 g/kg) respectively, but intermediate
in Treatments B (10P/50P mg/kg) (1.67 g/kg). The shoot P concentration of BARI GOM
25 and BARI GOM 26 were dependent on the treatments. However, the two varieties
had similar responses on shoot P concentration in the different treatments.

Root P concentration

In general, root P concentration was found in increasing trend under different P applica-
tion on wheat plant. Root P concentration was significantly (P < 0.001) affected among
all the various P applications on wheat plant. Total root P concentrations in BARI GOM
26 was the highest and the lowest in Treatment C in compartment II (200 mg/kg P)
(2.97 g/kg) and Treatment A-II (0 mg/kg P) (0.28 g/plant) respectively, followed by grad-
ual increase in Treatment A-I (0 mg/kg P) (0.29 g/plant), Treatment B-I (10 mg/kg P)
(0.47 g/plant), Treatment B-II (50 mg/kg P) (1.38 g/plant) and Treatments C-I (50 mg/
kg P) (1.53 g/plant) (Fig. 5). Again, for BARI GOM 25 total root P concentrations was
the highest and the lowest in Treatment C in compartment II (200 mg/kg P) (2.89 g/kg)

P Uptake (gm/kg)

OP/OP 10P/50P 50P/200P
Treatment Applied (mg/kg)

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

and Treatment A-I (0 mg/kg P) (0.26 g/plant) respectively, followed by gradual increase
in Treatment A-II (0 mg/kg P) (0.27 g/plant), Treatment B-I (10 mg/kg P) (0.43 g/plant),
Treatment B-II (50 mg/kg P) (1.31 g/plant) and Treatment C-I (50 mg/kg P) (1.35 g/
plant). The root P concentration of BARI GOM 25 and BARI GOM 26 were dependent
on the treatments. However, the two varieties had similar responses on root P concen-
tration in the different treatments.

Total P uptake and P distribution

In both varieties of BARI GOM 25 and BARI GOM 26 similar trend in total P
uptake were found. The total P uptake by plant was significantly high in Treatment C
(50P/200P mg/kg) from other treatments in both varieties. However, total P uptake was
more than eight times greater in Treatment C (50P/200P mg/kg) than control Treatment
A (OP/OP mg/kg). The total P uptake was greater in BARI GOM 26 than BARI GOM
25 in all treatments. Total P uptake in BARI GOM 26 of Treatment C (50P/200P mg/
kg) and Treatment A (OP/OP mg/kg) were the highest (8.77 g/kg) and the lowest (0.97 g/
kg) respectively, and intermediate in Treatments B (10P/50P mg/kg) (3.54 g/kg) (Fig. 6).
Again, for BARI GOM 25 total P uptake in Treatment C (50P/200P mg/kg) and Treat-
ment A (OP/OP mg/kg) were the highest (8.26 g/kg) and the lowest (0.92 g/kg) respec-
tively, and intermediate in Treatments B (10P/50P mg/kg) (3.41 g/kg).
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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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Discussion
Growth response of wheat plant in split root system
Plants typically respond to P limitation by reducing total plant biomass, and divert-
ing resources disproportionately towards root growth (Zhu et al. 2005; Zhu and Lynch
2004). In many soil types, P is localized to the upper soil layers and immobilized with
other molecules (Chu and Chang 1966). It is predicted that under limiting phospho-
rous condition, plants that proliferate roots into these upper layers outperform varie-
ties with deeper root systems (Zhu et al. 2005; Zhu and Lynch 2004). Root proliferation
and greater uptake per unit of root in the nutrient-rich zones are often considered to be
compensatory responses. According to Raghothama et al. (2005) and Rehim et al. (2007),
P deficiency is very common in alkaline calcareous soils. So, the study was conducted to
examine the influence of plant phosphorus (P) status and P distribution in the root zone
on root P acquisition and root and shoot growth of wheat (Triticum aestivum L.) in a
split-root soil culture in alkaline soil. 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 plant growth (P < 0.001) in this study indicates
that the plant growth responses of BARI GOM 25 and BARI GOM 26 seedlings were
dependent on the level of added P. In all treatments, there were no significant differ-
ences between BARI GOM 25 and BARI GOM 26 seedlings for any growth measure-
ment. Total plant biomass in BARI GOM 26 of Treatment C increased 82 % (1.66 g/
pot) in comparison with the controlled Treatment A (0.91 g/pot). Similarly in Treatment
B increased 47 % (1.34 g/pot) in comparison of Treatment A. Again, for BARI GOM
25 total plant biomass in Treatment C was increased 83 % (1.61 g/pot) in comparison
with the controlled Treatment A (0.88 g/pot). Similarly in Treatment B increased 48 %
(1.30 g/pot) in comparison of Treatment A. Similar trend was found in shoot biomass
and root biomass of both wheat plant varieties in this study (Table 4). While internal
biomass distribution in shoot and root were found different trend among all treatments
(Fig. 7). The shoot biomass was found highest (46 % of total plant biomass) in Treatment
A of BARI GOM 25, and in Treatment B and Treatment C the percentages were found
in deceasing order 42.2 and 37.4 % respectively of total plant biomass. In case of root
biomass the trend was found in increasing order in both compartments among all treat-
ments (Table 4). Similarly, in BARI GOM 26 the highest percentage of shoot biomass
was found in Treatment A 46.0 % of total plant biomass and in Treatment B and Treat-
ment C the percentages were found in decreasing order 41.7 and 37.5 % of total plant
biomass respectively. In case of root biomass the trend was found in increasing order
in both compartments among all treatments (Fig. 7). The inhibitory effect of increasing
the P supply to whole root systems on the development of cluster roots of wheat plant
(T aestivum) is well documented (Qifu and Rengel 2008; Pedas et al. 2011; Igbal 2014).
In our split-root study, the percentage distribution differences in the total root and shoot
dry weight among the three P treatments are due to elevated P supply which directly
interferes with shoot root growth.

The 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 with-
out treatments at the various level of P supply were analyzed (Table 5). Comparison of
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Table 4 Total plant biomass, total shoot and root biomass in different plant parts of the
split-root system and distribution of biomass in shoot and two separate compartments

Plant parts/variety Total plant biomass (g/pot)
Treatment A Treatment B Treatment C
Bari GOM 25 0.88 1.30 1.61
Bari GOM 26 091 1.34 1.66
Total biomass (g/pot) in different plant parts of the split-root system
Bari GOM 25
Shoot 040 0.55 0.60
Compartment-| 0.25 0.30 046
Compartment-ll 022 0.45 0.55
Bari GOM 26
Shoot 042 0.56 0.62
Compartment-| 0.26 032 047
Compartment-l 0.23 0.46 0.57
The distribution of biomass (%) in shoot and roots grown in two separate soil compartments (I and 1)
Bari GOM 25
Shoot 46.0 422 374
Compartment-| 28.5 23.1 285
Compartment I 255 347 34.1
Bari GOM 26
Shoot 46.0 417 375
Compartment | 287 24.1 283
Compartment I 254 342 343

100%

50%

Plant Biomass (%)

25% [T

0% 1
Treatment OP/OP  10P/50P 50P/200P  OP/OP  10P/SOP  50P/200P

Variety Bari GOM 25 Bari GOM 26
@A Shoot B Compartment Il M Compartment |

Fig. 7 The distribution of plant biomass in different plant parts of the split-root system

root:shoot ratio of different treatments showed an increase with the increasing P applica-
tion in both varieties of BARI released wheat plants. In the same line, Shane et al. (2003)
reported that, the increase of phosphate supply in root halves influenced the root/shoot
ratio of wheat; because root growth increased more than shoot growth. Similar results
were observed in wheat plant by Bingham and Bengough (2003) and Qifu et al. (2011).
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* = 0.97, P < 0.05) between plant height and shoot biomass
under elevated P supply indicates that plant development enhances with the application
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Table 5 Root biomass, shoot biomass, and root/shoot ratio of two wheat varieties

across different P applications

Variety Treatment P rate (mg/kg) Biomass production Root-shoot ratio
(mg/plant)
Shoot Root
Bari GOM 25 T OP/0OP 0.40 047 117
T2 10P/50P 0.55 0.75 1.37
T3 50P/200P 0.60 1.01 1.67
Bari GOM 26 T1 0P/0P 042 049 1.18
T2 10P/50P 0.56 0.78 140
T3 50P/200P 0.62 1.04 1.67

of P in soil (Fig. 8). Similarly, a significant correlation (R* = 0.99, 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.

P distribution and translocation in wheat plant within split-root system

In general, plants grow better when partially soluble phosphate is applied in compari-
son to the soluble P source. The study was conducted in alkaline soil and P doses were
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Fig. 8 Relationship between a shoot dry weight and average plant height; b root dry weight and average
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applied directly to the soil. Hence, the shoot and root P concentration were found in
increasing trend under different P application on wheat plant. Shoot and root P con-
centration were significantly (P < 0.001) affected among all the various P applications
on wheat plants. Again, similar trends in total P uptake were found in both varieties
of BARI GOM 25 and BARI GOM 26. Total plant P concentration in BARI GOM 25
of Treatment C increased more than 8 times (8.26 g/kgt) in comparison with the con-
trolled Treatment A (0.92 g/kg). Similarly in Treatment B, total plant P concentration
increased more than three times (3.41 g/kg) in comparison with Treatment A. Again,
for BARI GOM 26, total plant biomass in Treatment C increased 9 times (8.77 g/kg)
in comparison with the controlled Treatment A (0.97 g/kg). Similarly in Treatment B,
the total biomass increased more than 3 times (3.54 g/kg) in comparison with Treat-
ment A. Similar trend was found in shoot P concentration and root P concentration of
both wheat plant varieties in this study (Table 6); while internal P uptake by shoot and
root was found exactly similar trend among all treatments (Fig. 9). The highest percent-
ages of P uptake by shoot was found in Treatment B of BARI GOM 25, 49.0 % of total
plant P uptake while in Treatment C and Treatment A it was found in deceasing order
48.7 and 42.6 % respectively of total plant P uptake. Root P uptake was found in increas-
ing order with increasing P supply in both compartments (Table 6). Similarly, in BARI
GOM 26 the highest percentage of P uptake by shoot was found in Treatment C (48.7 %
of total plant P uptake) and in Treatment B and Treatment A were found in decreasing
order (47.7 and 41.2 % respectively of total plant P uptake). Again, root P uptake was
found in increasing order with increasing P supply in both compartments (Fig. 9). This

Table 6 Total P uptake in different plant parts of the split-root system and distribution
of P in shoot and root two separate compartments

Plant parts/variety Total P uptake (g/kg)
Treatment A Treatment B Treatment C
Bari GOM 25 092 341 8.26
Bari GOM 26 097 3.54 877
Total P uptake (g/kg) in different plant parts of the split-root system
Bari GOM 25
Shoot 0.39 167 402
Compartment-| 0.26 043 1.35
Compartment-ll 0.27 1.31 2.89
Bari GOM 26
Shoot 040 1.69 4.27
Compartment- 0.29 047 153
Compartment-ll 0.28 1.38 297
The distribution of P (%) in shoot and roots grown in two separate soil compartments (I and Il)
Bari GOM 25
Shoot 426 49.0 48.7
Compartment-I 284 126 16.3
Compartment Il 29.0 384 350
Bari GOM 26
Shoot 41.2 47.7 48.7
Compartment | 299 13.3 174

Compartment I 289 39.0 339
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Fig. 9 The P distribution in different plant parts of the split-root system

percentage distribution differences in the total root and shoot P uptake among the three
P treatments are due to elevated P supply which directly interferes with shoot root P
status.

Mimura et al. (1996) and Jeschke et al. (1997) described a picture of patterns of
inorganic P movement in whole plants. In P-sufficient plants most of the inorganic P
absorbed by the roots is transported through the xylem to the younger leaves. Concen-
trations of inorganic P in the xylem range from 1 mm in inorganic P-starved plants to
7 mm in plants grown in solutions containing 125 yum inorganic P (Mimura et al. 1996).
There is also significant retrained location of inorganic P in the phloem from older
leaves to the growing shoots and from the shoots to the roots. In inorganic P-deficient
plants the restricted supply of P to the shoots from the roots via the xylem is supple-
mented by increased mobilization of stored P in the older leaves and retranslocation to
both the younger leaves and growing roots. This process involves both the depletion of
inorganic P stores and the breakdown of organic P in the older leaves. A curious feature
of P-starved plants is that approximately one-half of the inorganic P translocated from
the shoots to the roots in the phloem is then transferred to the xylem and recycled back
to the shoots (Jeschke et al. 1997).

Increase of the external P supply to split root from 0 to 200 mg P/kg significantly
increased the P concentration in those roots, and in shoots, but had no significant effect
on the P concentration of the controlled roots. This lack of response of controlled roots
has been demonstrated in other split-root studies with, e.g. barley (Drew and Saker
1984), subterranean clover (Scott and Robson 1991), tomato (Burleigh and Harrison
1999) and Hakea prostrata (Proteaceae) (Shane et al. 2003). In contrast with the results of
split-root plants, the results of our wheat plant split-root study and those of others using
foliar spray (e.g. Marschner et al. 1987) demonstrate that P retranslocated in the phloem
sap can result in increased root P concentrations. In our plants, very high P supplies
(200 mg P/kg KH,PO,) to just one crown root of wheat plants significantly increased the
P concentration of compartment-I roots in respect of Treatment B compartment IL. It
was expected that in Treatment C, plants would be able to translocates P from the roots
in compartment I to those compartment II. Studies with barley (Greenway and Gunn
1966; Clarkson and Scattergood 1982) indicated that P-stressed leaves absorb P more
rapidly than control leaves do, and they export much larger amounts to the roots. Higher
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P concentrations in the shoot of our wheat plants probably provided more P for shoot
unloading of P and for P assimilation in the controlled roots, resulting in increased P
concentrations in the roots of wheat plants. In contrast, the split-root technique in alka-
line soil probably provides a more stable supply of P at a lower concentration.

Conclusion

Considering that P is an essential and often limiting nutrient for plant growth, it is sur-
prising that many aspects of P uptake and transport in plants are not thoroughly under-
stood. This study reveals that P uptake and P translocation in split root system of the
wheat plant in alkaline 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. Again, elevated P concentrations in the shoot of wheat
plants probably provided more P for shoot unloading of P and for P assimilation in the
controlled roots, resulting in increased P concentrations in the roots of wheat plants
in split root system in alkaline soil. Perhaps the next important leap in our conceptual
understanding in this area will come from the integration of these techniques to provide
a comprehensive picture of the function of phosphate transporters and how they control
their spatial and temporal expression to allow the plant to cope with changing environ-
mental conditions.
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