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A short-term greenhouse experiment was carried out with two phosphorus (P) levels of purple soil to
investigate P availability and associated processes in the rhizosphere of two different P-efficiency
wheat genotypes using a thin slicing technique. Two genotypes with different P efficiencies were grown
in a root-compartment experiment under low P (P 10: 10 P mg/kg) and high P (P 100: 100 P mg/kg)
treatments. Results show that readily extracted forms of soil inorganic P were depleted by the two
wheat genotypes, depletion zones extended further adjacent to 4 to 6 mm. Enhanced depletion of
sodium hydroxide extractable organic P apparent in the rhizosphere of high P-efficient wheat cultivar
10098 compared with low P inefficient wheat cultivar 10026 was related to the presence of greater
concentrations of microbial biomass and higher soil acid phosphatase and phosphodiesterase enzyme
activities. These results confirm that microorganisms and soil enzymic activities played important roles
in the mineralization of soil organic P, particularly under high P-efficient wheat cultivar 10098. These
results suggest that improving P efficiency based on the character of P efficiency acquisition in P-
efficient genotype would be a potential approach for maintaining wheat yield potential in soils with low

P bioavailability.
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INTRODUCTION

Wheat is one of the most important crops in the world.
However, its production is largely limited by the phos-
phorus (P) deficiency in many soils (Zhu et al., 2002).
This fact particularly applies to soils with a high iron or
aluminum oxide content, where P is strongly bound and
largely unavailable for crop uptake (Ae et al., 1990). P
fixation is a serious problem in many parts of the world as
only a small fraction of the applied fertilizer P is usually
taken by the crop; the rest is being fixed by the soil (Thung,
1990). Development of crop varieties that can efficiently
utilize these fixed forms of soil P (mostly iron- and

*Corresponding author. E-mail: zxbissas@swu.edu.cn.

aluminum bound-P) would result in lower input, eco-
friendly sustainable production systems for countries
(Subbarao et al., 1997). Previous studies have shown
that the phosphorus absorption, transport and utilization
efficiency of different P-efficient wheat genotypes varied
significantly (Ma et al., 1998; Wang et al., 2000). Therefore,
screening and developing phosphorus-efficient wheat
genotype can be a favorable way to ease China's lack of
phosphate rock resources and increase phosphate utili-
zation. It is necessary to clarify the different phosphorus
efficiency mechanism of different wheat genotypes before
the foresaid screening and development.

Previous studies have also shown that under phos-
phorus stress conditions, the P efficient genotype can
take advantage of more insoluble soil phosphorus than the
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P inefficient genotype and its mechanism has been
researched in-depth. Root-associated factors such as
root morphology, architecture, root hair density, nutrient
absorption rate, ability to modify the rhizosphere and my-
corrhizal fungi symbiosis, root exudations by plant roots
as organic acids and acid phosphatase can strongly
influence inorganic phosphate (Pi) acquisition (Li and
Zhang, 2001; Fohse et al., 1991; Schweiger et al., 2007;
Ma et al., 2001; Shane and Lambers, 2005; Asmar et al.,
1995). It has generally been accepted that P absorption
by plants is influenced by the chemical and biochemical
changes in the rhizosphere (Trolove et al., 2003). Plant
derived organic constituents enhance microbial activity
and thus influence nutrient transformations (especially
phosphorus) in the rhizosphere (Rovira, 1991). However,
genotypic differences in rhizosphere soil biological and
chemical properties as a result of root activities remain
poorly understood. Little information is available about
the changes in chemical and biochemical properties in
the rhizosphere of different wheat genotypes and their
relationships with P depletion in soils.

Slicing technology using frozen samples, which scar-
cely alters the soil biological and chemical properties, has
been used to study the variety of nutrients in soil slices
taken certain distances from the root surface. Application
of Hedley (Hedley et al., 1982a) fractionation in research
of rhizosphere processes has given a further
understanding of P form transformation resulting from
root uptake. Previous studies showed that depletion of
different forms of phosphorus varied greatly in different
plant species rhizosphere, even in different genotypes of
the same plant (Zhang et al., 2009; Zoysa et al., 1999;
Chen et al., 2002). Base on the previous screening test,
this present study selected two phosphorus efficiency
wheat geno-types. By studying the dynamics of
rhizosphere pH, root surface phosphatase and different
forms of phosphorus (varied in the distance from the root
surface), this research explored the relationship between
wheat rhizo-sphere chemical and biology characteristics
and the P use of two wheat genotypes, and provided
scientific basis to further clarify the mechanism of wheat
to adapt to phosphorus stress.

MATERIALS AND METHODS
Experimental soil and plant

The experiment was carried out in the glasshouse of Southwest
University, Chongqging Province, China. The tested soil was
collected from the topsoil base of purple fertility and fertilizer
monitoring plots of China (0~20 cm). Soil organic matter content
was 23.9 g/kg, total nitrogen content of 1.23 g/kg, total phosphate
content of 0.24 g/kg and available phosphate content of 1.87 mg/kg
(extracted by NH4F-HCI). The soil had a pH in water of 6.1 (1:2.5;
w/w soil to water ration). Air-dried soil samples were ground and
passed through a 2 mm sieve then steam-sterilized for 3 h to
minimize the effects of micro-organisms.

The test materials were relatively high phosphorus efficient wheat
cultivar 10098 and phosphorus inefficient wheat cultivar 10026

screened from 150 cultivars. Field test results showed that the P
accumulation and biomass of cultivar 10098 were both significantly
higher than cultivar 10026. For the convenience of writing, high P-
efficient wheat cultivar 10098 was expressed as HG, while low P
inefficient wheat cultivar 10026 was expressed LG.

Experimental design and treatment

A rhizo-box (17 x 12 x17 cm in length x width x depth) with three
compartments was used to study the rhizosphere process. The
rhizo-box consisted of three compartments, one root and two soil
compartments. The soil compartments were separated from the root
compartment by a 30-uM pore diameter polyester mesh. The
middle compartment was 3 cm in width, while the two side com-
partment were 6 cm in width. The three compartments were filled
with tested soil, and the soil bulk density was around 1.20 g/cm®.
The interface was sealed with glass sealant. Wheat seeds (cv.
10098 and 10026) were sterilized with 5% (w/v) NaOCI solution for
5 min and then thoroughly washed with distilled water. Nine seeds
were sown in the middle compartment of the rhizo-box. With the
growth of wheat root, root-soil interface zone was formed between
the inside and outside chamber. By the method of water weighing,
the soil remained at about 60% of field capacity. After 70 days, the
box was opened and the wheat was harvested. Wheat root and
over ground part were separated, dried, weighed, and then made
into dry ground sample.

At harvest, the rhizo-box systems were dismantled, and the
rhizosphere soil samples were obtained according to the method of
George et al. (2002). In this method, 1-mm thick stainless steel
pane was pushed into one side of the soil compartment, flush to the
compartment edge and 1-mm thick soil slices were protruded
successively from the other side of the soil compartment. By the
aforementioned method, six layers of soil samples were collected
respectively from 0to 1,1t02,2t03,3t04,4to 5 and 5to 6 mm
distance from the nylon mesh in the same soil layer of the both side
of the box, and the same soil layer of both sides were consolidated
to test soil phosphorus levels, soil acid phosphatase (AcPME) and
phosphodiesterase (PDE) activity, pH, microbial biomass and other
indicators. The test was set in two treatments, low amount of
applied phosphorus 10 mg P/kg (P10) and high levels of applied
phosphorus 100 mg P /kg (P100), with KHPO4 as source of
phosphorus. 150 mg N/kg and 150 mg K/kg were added as basal K
fertilizer before planting, while adding a solution containing other
nutrients, 25 mg/kg MgSQO4+7H-0; 2.86 mg/kg H3BOs; 1.81 mg/kg
MnClo+4H20; 0.22 mg/kg ZnSO47H:0; 0.08 mg/kg CuSO45H,0
and 0.22 mg/kg (NH4)sMO7O2°4H,O. Rhizobox systems without
plants were also incubated in the experiment and used as controls,
and repeated three times.

Soil and plant analyses

Soil pH was determined using a soil: water ratio 1:2.5. For all
harvests, roots were excised from shoots, then roots and shoots
were weighed, and after drying at 65°C for 36 h, dry matter was
determined. In order to measure the P concentration herein, plant
samples were wet digested in a mixture of HNO3, HCIO4 and H>SO4
in the ratio of 7:2:1 and phosphorus was determined with the
molybdate-vanadium method of Kitson and Mellon (1944).

Soil P fractionation by sequential extraction

The soil samples taken from the rhizo-boxes were used for P
fractionation after plants were harvested. The soil P fractions of 0.5
g air-dried soil (sieved through a 2 mm mesh) were determined
sequentially according to the procedure of Tiessen and Moir (1993)
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Figure 1. Soil P fractions sequentially.

based on the method of Hedley et al. (1982b), which uses
progressively more aggressive extractants to remove P. Specific
classification is shown in Figure 1. The content (mg/kg) of different
P forms of the soil background before planting wheat were Resin-P;
1.4, NaHCO3-P; 7.8, NaOH-P; 35.1, HCI-P; 12.5, NaHCO3-P, 5.1,
NaOH-P, 25.1, Residual-P 81.

Determination of acid phosphatase activity, microbial biomass
and phosphodiesterase activity

Soil acid phosphatase activity was determined following the method
of Shen et al. (2005) as modified by Hedley et al. (1982b). Samples
of approximately 0.3 g soil (< 2 mm) were used with 4 ml extraction
buffer composed of 40 mM NaOAc-HAc (pH 6.5), and 2 ml of 15
mM p-nitrophenol phosphate as substrate. After incubation at 37°C
for 1 h, the reaction was stopped with 1 ml of 1 M NaOH and absor-
bance was measured spectrophotometrically at 400 nm. One unit of
acid phosphatase activity was defined as the activity per gram soil
that produced 1umol p-nitrophenol/h.

Microbial biomass C (MBC) was measured using the fumigation-
extraction method (Vance et al., 1987), except that 0.5 g soil (oven-
dry equivalent) and 10 ml 0.5 M K>SO, extractant were used. Acid
phosphatase (AcPME) activities were measured using the method
described by Adams (1992), and phosphodiesterase (PDE) activity
was determined according to the method described by Browman
and Tabatabai (1978) using 0.25 g soil.

Statistical analysis
All data were tested for normality and homogeneity of error

variances prior to comparing means. One-way analysis of variance
(ANOVA) was performed to test the effects of soil P fractions, acid

phosphatase activity, pH and P uptake data.Tukey’'s honestly
significant difference (HSD) test was used for post hoc multiple
comparisons (a=0.05). All statistical analyses were performed using
the SPSS statistical software package version 18.0 (SPSS inc.,
2002).

RESULTS

Impact on biomass and phosphorus accumulation of
different wheat genotypes

The plant uptake of phosphorus was indicated by phos-
phorus accumulation. The biomass production and P
accumulation by the two wheat genotypes under the two
P fertilizer treatments is given in Table 1. The rhizo-boxes
experiment (Table 1) showed that the phosphorus accu-
mulation of HG was more than LG. On the P10 treatment,
both genotypes showed distinct P deficiency symptoms;
they were small and stunted, and with darkish green old
leaves, the latter was particularly evident in P-inefficient
genotype. Moreover, both genotypes grew well under
P100 treatment. In the P10 and P100 treatment, the HG
P accumulation increased by 18.6, 20.7 and 1.5% com-
pared to LG, in P10 conditions, the phosphorus
accumulation differences of the two species reached a
significant level. In high level phosphorus applied condi-
tions, this difference narrowed. This showed that the
absorption of phosphorus of HG was stronger than LG
especially in | ow-phosphorus stress conditions. In low-
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Table 1. Biomass production and P accumulation of two wheat genotypes under different P treatments.

Treatment Genotype Biomass production (g/pot FW) Increase P accumulation Increase
Shoot Root Total (%) (mg/pot) (%)
P10 HG 8.77: 4.87° 13.64° 32.6° 26.2° 20.7°
LG 7.65 2.64° 10.29° - 21.7° -
P100 HG 8.83°% 5.38° 14.212 1.3° 35.2% 1.5°
LG 8.72% 5.31% 14.03% 34.7°

Each value was the average of three replicates. The different letters in the same column indicate the significant difference at the 0.05

levels using Tukey’s honestly significant difference (HSD) test.

phosphorus stress, HG can absorb more phosphorus or
use phosphorus efficiently to meet photosynthesis and
photosynthate transport in terms of phosphorus, resulting
in a higher biomass.

Impact on rhizosphere soil pH of different wheat
genotypes

pH is an important factor in the transformation and effecti-
veness of P. The rhizosphere pH changes of the two
different phosphorus efficiency wheats are shown in
Figure 2. It can be seen that the two wheat soil acidifi-
cation was more obvious within the chamber. In both high
and low phosphorus levels, HG rhizosphere soil pH was
significantly lower than LG rhizosphere soil pH, which
indicated that HG had higher rhizosphere soil acidification
ability. In low-phosphorus conditions, HG and LG rhizo-
sphere soil pH were lower than non-rhizosphere soil by
0.02 to 0.46 units. In high-phosphorus conditions, HG and
LG rhizosphere soil pH were lower than non-rhizosphere
soil by 0.01 to 0.58 units, the lower pH range of P efficient
varieties were wider than phosphorus inefficient varieties,
and the HG had stronger rhizosphere soil acidification
ability.

Impact on different forms of soil phosphorus levels
of different wheats rhizosphere

Resin-Pi and NaHCO;-P;, two forms of inorganic phos-
phorus, are effective phosphorus in plant. NaOH-P; may
be buffer library of NaHCOs;-P;, when there are little
phosphorus in soil solution, it can be absorbed and used
by plants (Zoysa et al., 1999). Two varieties of wheat in
low-phosphorus (P10) and high phosphorus (P100)
conditions, NaOH-P; and NaHCO;-P; suffered depletion in
the rhizosphere of wheat. The depletion levels of Resin-
P;, NaHCO3-P; and NaOH-P; of HG were higher than LG
(Figure 3).

Furthermore, the different uses of NaOH-P, and
NaHCOs-P, of different wheat varieties reflected that
different varieties had different abilities of organic

phosphorus mineralization. Under P10 treatment, the
lower contents of NaOH-P, and NaHCO;-P, were obser-
ved in the depletion zones of HG than LG. While in P100
treatment, the lower content of NaOH-P, and NaHCOs-P,,
were observed in the rhizosphere of HG than LG
depletion zone of 0 to 1.5 mm area. It can be interpreted
that the secretion amount of acid phosphatase in
rhizosphere of two varieties were different, the activity of
acid phosphatase secretion of HG rhizosphere was signi-
ficantly higher than that of LG, which resulted in low
levels of rhizosphere NaOH-P, and NaHCO3-P, (Figure
3).The rhizosphere HCI-P; and residual P; content was
not significantly different from the control, so the two
forms of phosphorus cannot be absorbed by wheat.

Plant root and microbial activity mediated transformation
of organic P in the soil (Magid et al., 1996). It is well
known that root-derived organic carbon (C) stimulates the
growth of microorganisms and increases microbial activity
in the rhizosphere (Martin, 1983; Toal et al., 2000). The
amount of root-derived C flow through the rhizosphere
has a significant impact on transformations of soil organic
P (Helal and Sauerbeck, 1989). In the present study,
MBC accumulated in the rhizosphere of both HG and LG
were significantly greater in the rhizosphere soil com-
pared with bulk soil. MBC accumulation in the rhizosphere
of HG was significantly greater in the rhizosphere com-
pared with LG especially in the low level P soil (Figure 4).

Impact on rhizosphere soil acid phosphatase activity
of different varieties of wheat

Rhizosphere soil phosphatase is of great significance to
biochemical cycle of organic phosphorus. The measure-
ment results of the impact of two varieties of wheat on
rhizosphere soil acid phosphatase activity are shown in
Figure 5, which showed that the rhizosphere soil acid
phosphatase activity of two different wheat were signifi-
cant. Phosphorus supply had obvious impact on the
secretion of acid phosphatase of wheat rhizosphere; the
acid phosphatase activities of the two wheat in low P soil
were higher than that in high P soil. In the two phos-
phorus levels, the acid phosphatase activities of HG were
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Figure 2. Development of pH in rhizosphere zones of wheat genotypes under P10 and P100 treatments after 70 days growth in a rhizobox experiment.

significantly higher than that of LG. In the same
distance from the root surface, the acid phos-
phatase activities of low P soil were significantly
higher than P100 treatment.

It has been suggested that both plant roots and
microorganisms produce AcPME and PDE
(Tarafdar and Claassen, 1988). It was found that
AcPME and PDE activities were higher in the
rhizosphere of HG and LG compared with bulk
soil (Figures 5 and 6), which is consistent with the
findings from several other studies (Tarafdar and
Jungk, 1987; Asmar et al.,1995). Moreover,
AcPME and PDE activities were directly related to
concentrations of MBC in soils under HG (r =
0.8546* - 0.9863**, n = 7) and LG (r = 0.8864"* -
0.9023**, n = 7). This confirms that these enzymes
were at least partly of microbial origin. Therefore,
increased root exudation in the rhizosphere of HG

compared with LG may account for the enhanced
levels of microbial biomass and enzyme activity
and consequently greater depletion of soil P.

The relevance of rhizosphere acid
phosphatase, phosphodiesterase activity and
the organic phosphorus

It can be seen from Figure 7 in P10 conditions
that the rhizosphere acid phosphatase activity of
different phosphorus efficiency wheat was signifi-
cantly negatively correlated with NaOH-P, content.
In other words, the stronger the activity of acid
phosphatase was, the lower the organic
phosphorus of NaOH-P, was. However, in high P
conditions, only the acid phosphatase activity of P
efficient wheat was negatively correlated with

rhizosphere NaOH-P,, and that of the P inefficient
was not related with rhizosphere NaOH-P,, (Figure
7). This also showed that in low-phosphorus
conditions, acid phosphatase activity played a
very important role in the mineralization of rhizo-
sphere organic phosphorus. Similarly, for the two
wheat varieties in low-phosphorus conditions, the
rhizosphere phosphodiesterase activity were
significantly negatively correlated with rhizosphere
NaOH-P, (Figure 8), which also showed that in
low-phosphorus conditions, rhizosphere acid
phosphatase activity also played a very important
role in the mineralization of rhizosphere organic
phosphorus.

Moreover, concentration of MBC was also nega-
tively correlated with levels of NaOH-P, especially
in low P level soil under HG and LG (Figure 9).
However, in high phosphorus soil conditions,
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growth in a rhizo-box experiment. Control represents no plant.
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Figure 6. Development of soil phosphodiesterase activities (PDE) in rhizosphere zones of wheat genotypes under P10 and P100 treatments after 70 days growth in a rhizo-box experiment.

NaOH-P, and rhizosphere MBC is not correlated.
This tend to indicate that in addition to enhancing
microbial activity in the rhizosphere, root exuda-
tion might improve solubility and consequent
mineralization of organic P especially under low P
level soil (Comerford and Skinner, 1989; Fox and
Comerford, 1990).

DISCUSSION

The present study shows that HG had a greater P
uptake than LG under low-P treatments and plus-
P treatments (Table 1), suggesting that HG had a
greater ability to take up P from either soil- or
fertilizer-P, especially to low-P soil. More also, pH
value is an important factor in the transformation
of phosphorus forms (Dakora and Phillips, 2002).
Our results show that the wheat rhizosphere pH

was significantly lower than the control and
regardless of high or low phosphorus conditions,
HG rhizo-sphere pH was lower than LG. Hinsinger
et al. (2003) studied that P uptake of plant was
exponentially related with rhizosphere soil pH.
Within a certain range, with the decline of rhizo-
sphere  pH, phosphorus absorption was
significantly increased. The rhizosphere available
phosphorus content were significantly lower in the
P efficient genotypes than in the P inefficient
genotypes, indicating that phosphorus efficient
wheat genotype had a high activation and
absorption capacity of the insoluble phosphorus in
soil, and also that the decrease of rhizosphere pH
was root-induced adaptive mechanisms of the
phosphorus efficient wheat genotypes to soil
phosphorus deficiency. Previous research showed
that in P stress conditions, wheat roots released
citric, malic, tartaric, benzoic and other organic

acids, and these organic acids amount secreted
by the roots were in positive relation with phos-
phorus concentration of rhizosphere soil solution
(Bhattacharyya et al., 2003). Organic acid anions
mobilize inorganic P by anion exchange, solubili-
zation of Ca phosphates and chelation of Fe
(Gerke, 1993) and hence release P from soil
sparingly phosphate. It is therefore possible that
the low-weight organic acids released by
phosphorus efficient wheat was higher than phos-
phorus inefficient wheat, large amount secretion
of small molecular organic acids can promote
rhizosphere soil acidification and increase the
amount of water-soluble phosphorus in sail,
thereby increasing the P uptake and accumulation
of HG, especially in the condition of low P sail, the
acidification was important to the P absorption.
Cross’'s (1995) study showed that in the
rhizosphere soil, available P was in a significant
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positive correlation with Resin-P;, NaHCO;-P; and
NaOH-P;, indicating that the rhizosphere micro-
domain, Resin-P;, NaHCOs-P; and NaOH -P;
played an important role in the effectiveness of
soil phosphorus (Cross and Schlesinger 1995).
Previous experi-mental results proved this point,
many plants such as tea and corn plants were
observed that the three forms of P were in a
serious deficit pheno-menon (Zoysa, 1999; Xue et
al., 2010). The phosphorus deficiency of Resin-P,
NaOH-P; and H,SO,4-P; of high P uptake ability of
tea variety TRI2023 were greater than S106.
Therefore, the depletion of these three P fractions
was easily observed in the rhizosphere of many
plant species like Brassica, rice and maize. These

three P fractions had a significant positive
correlation with various growth parameters and P
uptake by plants (Li et al., 2008; Zhang et al.,
2009; Sharma and Subehia, 2003; Verma et al.,
2005). The present results also showed that
significant depletions of resin-Pi, NaHCO;-Pi and
NaOH-P; occurred in the rhizosphere of both HG
and LG under zero-P and Plus-P treatments.
These three P fractions within soil solution may be
absorbed by plant roots under P deficient
condition, which resulted in a larger degree of
depletion near the root zone. Results of soil
phosphorus levels showed that in low-P and Plus-
P treatments, the most important component of
soil phosphorus was NaOH-P;. More also, the

NaOH-Po (mg kg ™)

deficit of NaOH-P; was far greater than the other
forms of phosphorus’ deficiency (Figure 3).
Therefore, it can be concluded that the P uptake
of wheat was mainly due to the NaOH-P; deficit of
rhizosphere soil. In this trial, the deficit of NaOH-P;
in HG rhizosphere soil was higher than LG; this may
be the main factors of HG’s strong uptake capacity.
Rhizosphere HCI-P; inorganic phosphorus of
two varieties of wheat did not appear obvious
deficiency phenomenon, but Sood and Bhardwaj
(1992) reported that root exudates can activate
HCI-P;. The fact that HCI-P; was not deficient may
be related to different soil properties and wheat
secretions. Residual-P mainly consisted of stable
organic phosphorus. Compared with other forms
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of phosphorus, residual-P had minimum effectiveness on
the plant (Lin et al., 2006). The test results also showed
that regardless of phosphorus or not, residual-P of two
wheat genotypes rhizosphere had no significant deficit
phenomenon. It is possible that in short-term test period,
it was difficult for the wheat to take advantage of this form
of phosphorus, or residual-P was partially absorbed by
the wheat, but during the experiment other forms of
phosphorus quickly turned into residual-P, resulting in the
stable content of the residual-P.

Soil organic phosphorus is an important component of
soil phosphorus, which can be of 80% of total soil phos-
phorous. The importance of the mineralization of organic
P compounds in regulating the supply of plant-available P
has reported by Asmar et al. (2002). Plant root and
microbial activity mediate transformation of organic P in
the soil (Magid et al., 1996), and root-borne acid phos-
phatase enzyme together with fungal acid phosphatase
are believed to be responsible for hydrolysis of organic P
in the rhizosphere. Nuruzzaman et al. (2006) and
Tarafdar and Jungk (1987) also reported that significant
depletion of NaHCO;-P, and NaOH-P, occurred in the
rhizosphere, and the depletion depended on acid
phosphatase activity. As shown in Figure 7, significantly
negative correlation was observed between soil acid
phosphatase activity and content of NaOH-P, under P 10
and P100 by only HG, confirming the above conclusions.

It has been suggested that both plant roots and micro-
organisms produce AcPME and PDE (Tarafdar and
Claassen, 1988). It was found that AcPME and PDE
activities were higher in the rhizosphere of HG and LG
compared with control soil, which is consistent with the
findings from several other studies (Tarafdar and Jungk,
1987; Asmar et al., 1995). Moreover, AcPME and PDE
activities were directly related to concentrations of MBC
in soils under HG (r = 0.876* - 0.986**) and LG (r = 0.854" -
0.975™). This confirms that these enzymes were at least
partly of microbial origin. Therefore, increased root
exudation in the rhizosphere of HG compared with LG
may account for the enhanced levels of microbial bio-
mass and enzyme activity and consequent greater
depletion of soil P. The study of Marschner et al. (2007)
have shown that in low-phosphorus conditions, P uptake
of wheat was in significant positive correlation with
rhizosphere acid phosphatase activity. This test results
also show that under the conditions of low phosphorus
(P10), both HG and LG rhizosphere had a phenomenon
of NaOH-P, deficit, and the deficit degree of HG was
higher than LG (Figure 3), indicating that the potential,
transformable organic phosphorus reduced into useful
inorganic phosphorus of plant, thus confirming that soil
organic P is the important phosphorus for wheat. The
AcPME and PDE activities in HG rhizosphere were greater
compared with LG in high level and in low level P soils.
Depletion of NaOH-P, was significantly related to
increased activities of AcPME and PDE activities except for
high level P soil of LG. These findings suggest that
phosphatase (particularly AcCPME and PDE) activities play

an important role in the mineralization of soil organic P in
soils. Moreover, concentration of MBC was also negatively
correlated with levels of NaOH-P, in both soils under HG
and LG. This tended to indicate that in addition to enhan-
cing microbial activity in the rhizosphere, root exudation
might improve solubility and consequent mineralization of
organic P under two genotypes especially for HG
(Comerford and Skinner, 1989). Previous study has
suggested that low-molecular-weight organic acids
dissolved Al (Fe)-organic P complexes by chelation, thus
releasing organic P (Fox and Comerford, 1990). On the
other hand, significant relationships were found between
depletion of NaOH-P, and phosphatase enzyme activities.

Conclusion

Based on the study conducted,
conclusions were derived;

the following

1. The soil acidification ability of P efficient genotype is
stronger compared with P inefficient genotype, resulting
in the dissolution of some rhizosphere insoluble phos-
phate, which is one of the major reasons why the P
uptake of HG is significantly higher than that of LG.

2. For the two wheat genotypes, whether in low-P soil or
high-P soil, four forms of phosphorus as NaHCO;-Pi,
NaHCO;-P,, NaOH-P, and NaOH-P; in soil has a
significant deficit phenomenon; resin-P appears enrich-
ment; and HCI-P; and residual-Pi has no obvious deficit
phenomenon. In comparison, NaHCO3-Pi, NaHCOS3-P,,
NaOH-P, and NaOH-P; of HG rhizosphere has a slightly
higher deficit phenomenon than LG, which may be another
reason for the higher P uptake ability of HG.

3. Higher concentrations of MBC and AcPME and PDE
activities in the rhizosphere of HG are responsible for
greater mineralization of soil organic P under HG compared
with LG.

4. The short-term study of the rhizosphere can quickly
acquire different information of P utilization efficiency of
different varieties.
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