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Abstract

In order to know how rice responded to environmental Gln, we analyzed the rice growth, carbon and
nitrogen metabolic status under three different nitrogen sources (NH4;NO;, Gln, NH4;NO; + GIn). Results
showed that the rice growth and stem nitrate concentration decreased significantly under the Gln and
NH4NO; + Gln conditions when compared to the NH4NO; condition. Various changes in the contents of
soluble proteins and carbohydrates were observed in the root, stem and leaf tissues. There was a significant
decrease of the intercellular CO, concentration under the NH;NO; + Gln condition. The total carbon and
nitrogen content in the root, stem and leaf tissues increased significantly under the Gln and NH4NO; + Gln
conditions, while the C/N ratio decreased significantly under the NH;NO; + Gln condition.

Introduction

In higher plants, nitrogen (N) is an essential macroelement for their growth and development
(Crawford and Forde 2002). Ammonium (NH,") and nitrate (NO3) are believed to be the principal
nitrogen sources for plant growth in agricultural and most natural environments (Howitt and
Udvardi 2000). In addition, amino acids are potential nitrogen sources for plants. Recent studies
demonstrated that plants can absorb and use various amino acids and peptides from soil solution
(Persson and Ndsholm 2001, Nésholm et al. 2009).

As early as the 1970s, the root capacity of acquiring amino acids from solutions, and the
identity of amino acid transporters, as well as their numbers, characteristics and specificities, were
studied. Reinhold and Kaplan (1984) reported that only a single system accounted for root amino
acid transport. While Kinraide et al. (1981) reported that there were two major transport systems
accounted for root amino acid transport, one mediating uptake of neutral and acidic amino acids
and another mediating that of basic amino acids. However, Li and Bush (1991) reported that there
were four symport systems accounted for root amino acid transport, two mediating uptake of
neutral amino acids, one mediating uptake of acidic amino acids, and one mediating that of basic
amino acids.

Although amino acids uptake by higher plants has been studied for several decades and has
been covered d by several reviews (Lipson and Néasholm 2001, Nisholm and Persson 2001,
Rentsch et al. 2007), a few studies have been reported about the effect of environmental amino
acids on plant growth and carbon-nitrogen metabolism, particularly in crops (Bollard 1966,
Stoelken et al. 2010). In this study, in order to test whether Gln is a good organic N source for rice
growth and development, to know how rice responded to environmental Gln, the rice growth, leaf
SPAD value and photosynthesis, carbon (C) and nitrogen metabolic status were analyzed under
three different N sources (NH4NO3, Gln, NH;NO; + Gln).
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Materials and Methods

The seeds of Zhonghua 11 (Oryza sativa cv. japonica) were germinated and sowed in sand.
The seedlings with three leaves were transplanted into the normal nutrient solution described by
Yoshida et al. (1976). The culture solution was refreshed every three days. After a week, the
seedlings were transferred into a new normal nutrient solution using 1.44 mM NHy;NO; as a
nitrogen source (N), a nutrient solution without NH4;NO; but using 1.44 mM glutamine (Gln) as a
nitrogen source (G) and a nutrient solution using both 0.72 mM NH4;NO; and 0.72 mM Gln as
nitrogen sources (N+G). The root, stem and leaf were harvested at the seedling stage (2 weeks
after transplanting) and the tillering stage (4 weeks after transplanting).

For the determination of leaf SPAD value and photosynthesis parameters, ten plants were
randomly selected, the average SPAD value and photosynthesis parameters of the upper, middle
and bottom portion of each flag leaf was analyzed. The flag leaf SPAD value was determined by a
chlorophyll meter (SPAD-502), and the photosynthesis parameters were determined by a Li-
6400XT portable photosynthesis system (USA, Li-COR). The carbon and nitrogen concentrations
were determined by a C/N analyzer (Elementar, Vario MAX CN, German) according to the
manufacturer’s instructions. For the soluble protein analysis, three biological replicates of fresh
roots, stems and leaves were analyzed. The fresh roots, stems and leaves were homogenized by
grinding on ice with extraction buffer which described by Melo et al. (2003). The homogenates
were then centrifuged at 12,000 g for 20 min at 4°C. The supernatant of the extract was measured
by the Bradford (1976) protein assay to determine the concentration of soluble proteins. For the
soluble carbohydrate analysis, three biological replicates of pre-dried roots, stems and leaves were
analyzed. The concentration of soluble carbohydrates were extracted from plant samples with
boiling water and colorimetrically measured according to the anthrone procedure (Morris 1948,
Maness 2010).

Results and Discussion

In order to test the effect of Gln on the rice plant growth, the root length, plant height, dry
weight of the root, shoot and plant at both seedling and tillering stages grown hydroponically were
analyzed under three different nitrogen forms (N, G, N+G). Results showed great effect of GIn on
the rice plant growth, particularly on the root length at the seedling stage. At the seedling stage,
compared to the N form, there were 59.3 and 58.3% decreases in the root length, 30.8 and 39.4%
decreases in the root dry weight, 7.0 and 20.8% decreases in the shoot dry weight, 11.3 and 24.2%
decreases in the plant dry weight under the N + G and G forms, respectively (Fig. 1). At the
tillering stage, compared to the N form, there were 31.6 and 17.5% decreases in the root length,
7.1 and 10.6% decreases in the plant height, 27.6 and 26.0% decreases in the root dry weight, 28.9
and 21.6% decreases in the shoot dry weight, 28.8 and 22.1% decreases in the plant dry weight
under the N + G and G forms, respectively (Fig. 1).

To date, a range of studies have investigated the extent to which plants can grow on amino
acids as nitrogen sources. In general, it appears that plants can use most of the amino acids as a
source of nitrogen, which depress plant growth relative to mineral sources of nitrogen (Wang et al.
2007, Nasholm et al. 2009). Bollard (1966) found that the plant was able to grow on just a few
amino acids, such as L-Gln, L-Glu and L-Asn, while a number of amino acids (e.g, L-Arg, L-Ile
and L-Val) inhibited the plant growth. Growth tests on Lemna minor confirm that single amino
acids may inhibit, but protein (casein) hydrolysates may efficiently sustain the growth of plants
(Joy 1969). Studies on obligate mycorrhizal plants also found a severely restricted capacity to
utilize Gly, L-His, L-Arg and the protein BSA in the absence of their mycobionts (Stribley and
Read 1980, Turnbull et al. 1995). Forsum et al. (2008) reported that the Arabidopsis was capable
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to utilize various amino acids for growth. When grown with amino acids as the sole nitrogen
source, Arabidopsis thaliana is only capable of achieving between 1 and 50% of its potential
vegetative growth on an identical concentration of nitrate (Forsum et al. 2008).
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Fig. 1. The root length and plant height, the dry weight of the root, shoot and plant at the seedling stage and
the tillering stage under three different nitrogen forms (NH4NO;, Gln, NH4;NOs+Gln). Values are the
mean + Sd of ten randomly selected plants. a, b, ¢ indicate the significant differences among three
different nitrogen forms at the level of p = 0.05.

In order to study the effect of Gln on the carbon and nitrogen metabolic capacity in the rice
plant, the stem nitrate concentration, the concentrations of soluble proteins and carbohydrates in
the roots, stems and leaves at both the seedling stage and tillering stage, together with the leaf
SPAD value and photosynthesis capacity, total carbon and nitrogen concentrations and
carbon/nitrogen ratio in the roots, stems and leaves at the tillering stage were investigated under
three different nitrogen forms (N, N + G and G).

For the stem nitrate concentration, compared to the N form, there were 65.0 and 57.3%
decreases at the seedling stage, whereas 41.0 and 68.1% decreases at the tillering stage under the
N + G and G forms, respectively (Fig. 2). For the soluble proteins at the seedling stage, compared
to the N form, 23.0 and 38.4% increases in the roots, 21.6 and 11.4% increases in the leaves were
displayed under the N + G and G forms, respectively (Fig. 2A). At the tillering stage, there were
34.0 and 48.9% increases of the soluble proteins in the roots under the N + G and G forms,
respectively; and there was 34.3% increase in the leaves under the N + G form (Fig. 2B). For the
soluble carbohydrates at the seedling stage, compared to the N form, there were 40.5% and 82.1%
increases in the roots, 53.8 and 73.6% increases in the stems under the N + G and G forms,
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respectively (Fig. 2A). At the tillering stage, compared to the N form, there were 22.1 and 23.7%
increases of the soluble carbohydrates in the roots under the N + G and G forms, respectively;
there were 146.8 and 167.9% increases in the stems and leaves under the N + G form, respectively;
while there were 32.0% decrease in the stems under the G form (Fig. 2B).
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Fig. 2. The concentrations of nitrate in the stems, soluble proteins and carbohydrates in the root, stem and leaf
at the seedling stage (A) and the tillering stage (B) under three different nitrogen forms (NH4NO;, Gln,
NH4NO;+Gln). Values are the mean + Sd from three biological replicates using three randomly mixed
plant materials. a, b, ¢ indicate the significant differences among three different nitrogen forms at the
level of p = 0.05.

For the photosynthesis capacity evaluation, compared to the N form, there was 39.3%
decrease was observed in the intercellular CO, concentration under the N + G form (Fig. 3). For
the carbon and nitrogen analysis, results showed that the treatments of different nitrogen forms
caused larger variations in the total nitrogen concentrations than the total carbon concentrations
which resulted significant changes in the carbon/nitrogen ratio. Compared to the N form, 8.5 and
6.6% increases in the roots, 10.4 and 4.5% increases in the stems, 9.9 and 2.5% increases in the
leaves of the total carbon concentrations were observed under the N + G and G forms, respectively
(Fig. 3). For the analysis of total nitrogen concentrations, compared to the N form, there were 37.4
and 17.1% increases in the roots, 48.0 and 13.6% increases in the stems, 30.4 and 6.9% increase in
the leaves under the N + G and G forms, respectively (Fig. 3). Oppositely, for the carbon/nitrogen
ratio, compared to the N form, there were 21.0, 25.4 and 15.7% decreases in the root, stem and
leaf under the N + G form, respectively (Fig. 3).

Although studies showed that plant can uptake a wide range of amino acids by root (Soldal
and Nissen 1978, Shobert and Komor 1987, Persson and Nasholm 2001), the limitations in the
plants’ capacity to metabolize absorbed amino acids may be the primary constraints on their
utilization. Therefore, several carbon-nitrogen physiological parameters in the rice plants under
three different N sources (NH4NO;, Gln, NH;NO; + Gln) were analyzed to evaluate the effect of
Gln on rice carbon-nitrogen metabolism. Significant decrease in the stem nitrate concentration
under the N + G and G forms when compared to the N form was observed. Stoelken et al. (2010)
showed that the presence of Gln or Arg in a mixed solution together with NH," and NO;~ inhibited
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the uptake of NH," in the tested concentration range (55 - 5500 uM total N for Gln and 75 - 7500
uM total N for Arg), while NO; uptake was only affected by the presence of Gln at excess
external N concentrations (5500 uM total N) and not by Arg. Similarly, NO;™ uptake was generally
decreased
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Fig. 3. The leaf SPAD value and photosynthesis parameters, the concentrations of carbon and nitrogen, the
carbon/nitrogen ratio in the root, stem and leaf at the tillering stage under three different nitrogen forms
(NH4NO;, Gln, NH4NO;3;+Gln). The values of SPAD and photosynthesis parameters are mean + Sd of
ten randomly selected plants. Other values are the mean + Sd from three biological replicates using three
randomly mixed plant materials. a, b, ¢ indicate the significant differences among four different nitrogen
levels at the level of p = 0.05.

in the presence of NH4" in the high-concentration rage (500 uM), but not in the presence of Arg
(Gruffman et al. 2013). It was found that the root soluble proteins and carbohydrates slightly
increased under the N+G and G conditions. The total carbon and nitrogen content increased
significantly under the N+G and G conditions, while the intercellular CO, concentration, stem
carbohydrates and C/N ratio decreased significantly under the N+G condition. These results
suggested that carbon-nitrogen metabolic balance was interrupted in rice when grown under the
N+G and G conditions compared with N condition. This may be the main reason for the inhibited
growth phenotype of rice plants under the N+G and G conditions.
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