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Abstract:    In recent years, excessive use of chemical nitrogen (N) fertilizers has resulted in the accumulation of 
excess ammonium (NH4

+) in many agricultural soils. Though rice is known as an NH4
+-tolerant species and can directly 

absorb soil intact amino acids, we still know considerably less about the role of high exogenous NH4
+ content on rice 

uptake of soil amino acids. This experiment examined the effects of the exogenous NH4
+ concentration on rice uptake 

of soil adsorbed glycine in two different soils under sterile culture. Our data showed that the sorption capacity of glycine 
was closely related to soils’ physical and chemical properties, such as organic matter and cation exchange capacity. 
Rice biomass was significantly inhibited by the exogenous NH4

+ content at different glycine adsorption concentrations. 
A three-way analysis of variance demonstrated that rice glycine uptake and glycine nutritional contribution were not 
related to its sorption capacity, but significantly related to its glycine:NH4

+ concentration ratio. After 21-d sterile culti-
vation, the rice uptake of adsorbed glycine accounted for 8.8%‒22.6% of rice total N uptake, which indicates that soil 
adsorbed amino acids theoretically can serve as an important N source for plant growth in spite of a high NH4

+ ap-
plication rate. However, further studies are needed to investigate the extent to which this bioavailability is realized in 
the field using the 13C, 15N double labeling technology. 
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1  Introduction 
 

Traditionally, the terrestrial nitrogen (N) cycle 
asserts that soil organic N must be transformed into 
inorganic N (NO3

− and NH4
+) by soil microorganisms 

prior to becoming available to plant roots (Warren and 
Adams, 2007). However, the role of soil dissolved 
organic N (DON), such as amino acids, in meeting the 

plant nutritional requirement has since the 1990s 
received much attention (Jones et al., 2005a; Näsholm 
et al., 2009; Vinall et al., 2012; Wang et al., 2013; 
Geisseler and Horwath, 2014). Numerous studies have 
shown that both mycorrhizal and non-mycorrhizal 
plants can directly absorb soil amino acids, thereby 
circumventing the traditional mineralization bottle-
neck (Näsholm et al., 2001; Persson and Näsholm, 
2001; Warren, 2006; Rothstein, 2009; Wang et al., 
2014). Especially in some low N-input and cold 
ecosystems, plant uptake of amino acid has the po-
tential to be a primary factor in ecosystem functioning 
and vegetation succession (Raab et al., 1999; Henry 
and Jefferies, 2003; Warren, 2006; Månsson et al., 
2014).  
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To quantitatively analyze the role of amino acids 
in plant N uptake, comparisons were always made 
between the pool of soil extractable organic and in-
organic N in different ecosystems. Soil N is domi-
nated by organic forms, of which 30%–45% is present 
as amino acids after the process of proteolysis (Ste-
venson, 1994). Many studies have shown that the 
contents of free amino acids in soil solution are typ-
ically less than 1% of the pool of DON at about 
0.1–50.0 μmol/L in different ecosystems (Jones et al., 
2002; Yu et al., 2002; Christou et al., 2006). However, 
most studies neglected the fact that amino acid can be 
readily adsorbed on the soil solid phase, and its con-
tent may account for as much as 88%–92% of total 
soil amino acids (Qualls and Richardson, 2003). It has 
been reported that soil adsorption capacity is closely 
related to amino acid concentration (Jones et al., 
2013), soil clay content (Gonod et al., 2006), cation 
exchange capacity (Dashman and Stotzky, 1984), and 
so on. Therefore, further research on soil organic N 
composition should include the consideration of soil 
adsorbed amino acids in different ecosystems. 

NH4
+, one of the two important inorganic N 

sources used by plants, is beneficial for plant growth 
under many circumstances, and indeed, serves as a 
ubiquitous intermediate in plant metabolism (Britto 
and Kronzucker, 2002). A survey of boreal and tem-
perate forest ecosystems shows forest-floor soil solu-
tion NH4

+ values ranging from approximately 0.4  
to 4.0 mmol/L, with a mean value of 2.0 mmol/L 
(Bijlsma et al., 2000). In agricultural soils, NH4

+ can 
be even higher, often ranging from 2 to 20 mmol/L 
(Britto and Kronzucker, 2002). Especially in recent 
years, the excessive use of N fertilizer leads to N 
volatilization and subsequent transport and deposition 
of NH3/NH4

+ via the atmosphere, resulting in unde-
sirable accumulation of NH4

+ and acidification in 
agricultural soils (Guo et al., 2010; Li et al., 2011b; 
Liu et al., 2013). Previous studies have explored 
several important physiological links in the devel-
opment of high NH4

+ accumulation or NH4
+ toxicity, 

such as rhizosphere acidification, nutrient imbalance, 
damage to the photosynthesis system, and carbohy-
drate limitation (Britto and Kronzucker, 2002; Qin  
et al., 2008; Balkos et al., 2010; Barth et al., 2010;  
Li et al., 2010; Kempinski et al., 2011). Britto et al. 
(2001) demonstrated that rice could maintain lower  
 

symplastic concentrations of NH4
+ than barley (known 

to be susceptible to NH4
+ toxicity) under elevated 

NH4
+ concentration, in part because it is capable of 

shifting the trans-plasmamembrane electrical poten-
tial (Δψ) to more positive values with increasing 
NH4

+ concentration. Though rice is known as an 
NH4

+-tolerant species, we still know considerably less 
about the effects of the different exogenous NH4

+ 
application rates on rice amino acid uptake.  

Here, two different soils, differing in soil parent 
material, texture, land use history and elevation, were 
selected from the alpine and agro-ecosystems. Ac-
cording to Fick’s second diffusion law, a higher ad-
sorbed capacity between root surface and its sur-
rounding soil would lead to an accelerated compen-
sation of concentration differences, and facilitate the 
transport of tracer to the root surface (Sauheitl et al., 
2009). So increasing adsorbed glycine concentration 
will increase the transport of glycine to the root sur-
face and thus increase the uptake of glycine. There-
fore, our aims were to: (1) analyze the difference of 
the adsorption capacity of amino acids and the influ-
encing factors in the two different soils, and (2) inves-
tigate whether plant uptake of soil adsorbed amino 
acids and its nutritional contribution are positively 
related to its sorption capacity under the condition of 
excessive NH4

+ application.  
 

 
2  Materials and methods 

2.1  Soil sampling 

The selected two different soils, soil A and soil B, 
were sampled from the agricultural and alpine eco-
systems, respectively. Soil A is a silt loam from 
Xiaoshan, a suburb of Hangzhou, China (30°3′59.2″ N, 
120°15′31.4″ E, altitude of 10 m), and has a long 
history of rice production. Soil B is a clay loam and 
was collected from the town of Guangdu, Taizhou, 
China (28°56′39.6″ N, 120°46′39.6″ E, altitude of  
700 m). Full details of the two sites may be found in 
Cao et al. (2013). The soil samples were taken on  
Apr. 15‒20, 2011. All the fresh soils were air-dried 
and stored under ventilated conditions. Then the soils 
were sieved to pass 2 mm and all observable roots 
were removed. Selected properties of the two soils are 
shown in Table 1 (Cao et al., 2013). 
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2.2  Amino acid sorption  

We performed soil washing, soil sterilization, 
and glycine adsorption as the method described in our 
previous studies (Cao et al., 2013; Chen et al., 2013). 
Once air-dried, 57 15-g sub-samples for soil A and 57 
20-g sub-samples for soil B were successively washed 
five times with 0.5 mol/L K2SO4 at a soil:solution 
ratio of 1:5 (w:v), shaken (150g, 60 min), centrifuged 
(4000g, 10 min), and then filtered through Whatman 
No. 42 filter paper. Then soils were washed with 
sterilized water as described above to leach the po-
tassium (K) ion that was in the soils. Finally, each of 
57 samples was thoroughly mixed and put in a hy-
perthermia disinfection pot (YXQ-LS-50G, China) 
for sterilization at 121 °C for 1 h. The process of soil 
mixture and sterilization was repeated three times. 
The inoculation of the sterilized soil to agar plates did 
not indicate any microbial growth for at least 30 d, 
proving that the soil sterilization process was effective.  

Among the above-mentioned sterilized soils, 39 
repetitions for each of soil A and soil B were used for 
studying glycine sorption capacity, and 75 ml unla-
beled glycine solution for soil A and 100 ml unlabeled 
glycine solution for soil B with concentrations of 0, 5, 
10, 15, 30, 60, 120, 240, 480, 700, 800, 1000, and 
1200 mg/L were added to each repetition. Each con-
centration had three replications. In addition, 10 mg/L 

ampicillin was added to the glycine solution in order 
to inhibit the growth of microbes. Then the soil and 
solution mixtures were shaken (150g, 60 min), centri-
fuged (4000g, 10 min), and filtrated through a 0.22-µm 
millipore filter (Millipore, PES Membrane, Ireland). 
The glycine sorption capacity was calculated based 
on the glycine concentration differences between the 
added solution and the filtrate. In addition, desorption 
experiments with the sterilized water proved that 
88%‒92% of the added glycines were adsorbed on the 
soil solid phase (data not shown). Then the quantified 
glycine adsorption saturated (AS) and half adsorption 
saturated (HAS) concentrations were selected for the 
glycine uptake experiment described in the next section.  

2.3  Experimental set-up 

The remaining sterilized soils, 18 repetitions for 
each of soil A and soil B, were used to investigate the 
effects of the adsorbed glycine on rice growth, glycine 
uptake, and glycine nutritional contribution. Accord-
ing to the glycine sorption curve, the 15N-glycine 
(atom percentage excess 50.18%) HAS solution at the 
soil:solution ratio of 1:5 (w:v) was added to each 9 
repetitions of soil A and soil B. While the 15N-glycine 
AS solution at the soil:solution ratio of 1:5 (w:v) was 
added to the remaining 9 repetitions. The mixture of 
soil and 15N-glycine solution was mixed thoroughly, 
shaken (150g, 60 min), centrifuged (4000g, 10 min), 
and filtered through Whatman No. 42 filter paper. The 
soils of 15N-glycine HAS and AS solutions were 
transferred to 15 ml centrifugal tubes for rice culti-
vation. In order to keep the rice seedlings’ growth 
healthy and to fill the tubes to approximately the same 
depth, 15 g of soil A and 20 g of soil B were required 
in each tube. 

Six treatments were set for each of soil A and 
soil B. The weight ratios of the added 15N-glycine  
and NH4

+-N in different treatments were as follows: 
(1) adsorbed glycine:NH4

+ weight content is 1:2 (T1), 
1:1 (T2), 1:0.5 (T3) at glycine HAS concentration;  
(2) adsorbed glycine:NH4

+ weight content is 1:2 (T4), 
1:1 (T5), 1:0.5 (T6) at glycine AS concentration. The 
unlabeled NH4

+ was injected into the soil using a 0.25-ml 
capacity Eppendorf pipette four times. Besides the N 
element, each tube was also replenished with 2 ml 
macro-element solution containing 0.025 mmol/L 
KH2PO4, 0.025 mmol/L K2HPO4, 0.125 mmol/L 
K2SO4, 0.100 mmol/L MgSO4, and 0.200 mmol/L 
CaCl2. Each treatment was repeated three times. 

Table 1  Chemical and physical properties of the two soils*

Properties Soil A Soil B 
Texture Silt loam Clay loam
Water content (g/100 g) 45 34 
pH (H2O) 6.43 5.09 
Organic C (g/100 g) 6.84 3.15 
Ntot (g/100 g) 0.37 0.16 
C:N ratio 18.5 19.7 
Ptot (g/100 g) 0.014 0.472 
Ktot (g/100 g) 0.14 0.22 
CaCO3 (g/100 g) 11.4 10.4 
Total soluble salt (g/100 g) 2.3 0.5 
Exchangeable cation  

Ca (cmol/kg) 7.5 4.1 
Mg (cmol/kg) 0.62 0.44 
K (cmol/kg) 0.37 0.28 
Na (cmol/kg) 0.04 0.02 
Fe (mg/kg) 101.9 87.3 
Zn (mg/kg) 3.7 1.7 

Available S (mg/kg) 26.2 8.4 
Available P (mg/kg) 8.6 53.2 
* Reprinted from Cao et al. (2013), Copyright 2013, with permis-
sion from Elsevier. Ntot: total N; Ptot: total P; Ktot: total K 
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The sterilized rice seedlings were obtained as 
follows: (1) rice seeds were first immersed in 70% 
ethanol for 1 min and then rinsed three times with sterile 
distilled water, (2) secondly immersed in 0.02 g/ml 
sodium hypochlorite solution for 5 min and then rinsed 
five times with sterile distilled water, and (3) finally 
immersed in 1.0 g/L mercuric chloride for 5 min and 
then rinsed with sterile distilled water six times. The 
sterile seeds were then allowed to germinate on a 
double layer of moistened paper at 25 °C in the dark. 
When the main root was approximately 1.0 cm long 
after 7 d of germination, two germinated seedlings 
were transplanted into the cultivation tube. The sterile 
seedlings were also cultivated as the previous method 
(Cao et al., 2013). Briefly, the sterile seedlings were 
placed in a plant organic nutritional laboratory at 
30 °C/25 °C (day/night) with a relative humidity of 
60%, a maximum photosynthetic photon flux density 
of 300 μmol/(m2·s), and a 12-h photoperiod. Rice 
seedlings were watered with sterile water as needed 
during the period of cultivation. 

2.4  Calculations and statistics  

After 21-d sterile cultivation, rice seedlings were 
randomly destructively harvested. Any soil adhering 
to the root was removed by gentle agitation in  
0.5 mmol/L CaCl2 solution for 30 min, and thor-
oughly washed with distilled water to remove traces 
adsorbed on the root surface. Then whole plant sam-
ples were dried to a constant weight in an oven at 
60 °C for 48 h. The dried samples were weighed and 
ground to a fine powder using a ball mill (MM2, 
Retsch, Dusseldorf, Germany). Plant N content was 
determined by the micro-Kjeldahl method and titrated 
with 0.05 mmol/L H2SO4. The 15N enrichment of plant 
materials was determined using a Tracer MAT-271 
(Finnigan MAT, USA). Excess 15N (atom percentage 
excess) was calculated as the difference between 15N 
in the plant samples from the soil adsorbed 15N-  
glycine and 15N in the treatment with unlabeled N 
forms (Warren and Adams, 2002). 15N values and rice 
N concentration were then used to calculate rice gly-
cine uptake and its nutritional contribution to rice 
total N uptake, according to the method described by 
Cao et al. (2013). 

All the data are presented as the mean±standard 
error (SE). Differences in plant biomass, glycine up-
take, and glycine nutritional contribution for each soil 

type were analyzed by one-way analysis of variance 
(ANOVA). The differences in mean values were tested 
using Duncan’s multiple range method (P<0.05). 
Three-way ANOVA was used to test the effects of soil 
type, adsorbed glycine content, glycine:NH4

+ con-
centration ratio, and their interaction on rice biomass, 
glycine uptake, and glycine nutritional contribution. 
Statistical analyses were performed by Statistica v.5.5 
(StatSoft Inc., USA). 

 
 

3  Results 

3.1  Glycine sorption capacity 

As shown in the study of Cao et al. (2013), 
generally the amount of amino acid adsorbed was 
concentration-dependent, and soil A had a higher 
sorption capacity than soil B (Fig. 1). At low glycine 
concentrations, there was no significant difference of 
adsorption rates between the two soils. However, the 
adsorbed rate of soil A exhibited a more rapid in-
crease with increasing glycine concentrations, and 
reached an equilibrium at a much higher glycine 
concentration than that of soil B. Glycine sorption 
appeared to be close to saturation at approximately 
700 and 480 mg/L for soil A and soil B, respectively. 
Their total sorption capacities calculated were 1490 
and 280 mg/kg for soil A and soil B, respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2  Rice biomass 

As shown in Fig. 2, the high NH4
+ application 

rate significantly inhibited rice growth relative to the 

Fig. 1  Adsorption isotherm of the adsorbed glycine on
soil that had been successively washed five times with
0.5 mol/L K2SO4 
Values represent means of three replications. Reprinted from
Cao et al. (2013), Copyright 2013, with permission from Elsevier
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low NH4
+ treatment in both soils except T5 in soil B 

(P<0.05; Fig. 2a). Rice biomass (shoot plus root) 
reached the highest in T3 treatment with the lowest 
NH4

+ content, i.e. about 155.0 and 115.7 mg/plant for 
soil A and soil B, respectively. There were no signif-
icant differences between the three AS and three HAS 
treatments, which had been supplied with an equal 
NH4

+ content in soil A, but the variation was not sig-
nificant in soil B. Under the treatment of equal N 
concentration, rice biomass in T6 relative to T1 in-
creased by 119.3% and 23.3% for soil A and soil B, 
respectively. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Three-way ANOVA indicated significant effects 
of the glycine:NH4

+ ratio, and the interactions of soil 
type×glycine:NH4

+ ratio and glycine concentration× 
glycine:NH4

+ ratio on rice biomass (P<0.05; Table 2). 
However, the main effects of soil type and glycine 
concentration on rice biomass were not significant.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3.3  Rice glycine uptake and glycine nutritional 
contribution 

Glycine uptake and glycine contribution signif-
icantly increased with decreasing NH4

+ content in soil 
A (P<0.05; Figs. 2b and 2c). Their values reached a 
maximum in T6 for soil A, but in T2 for soil B. After 
21-d sterile cultivation, the soil adsorbed glycine 
contribution for rice total N uptake varied widely 
from 8.8% to 22.6% in the different treatments. De-
spite the significant difference of glycine adsorption 
capacity between the HAS and AS treatments, the 
adsorbed glycine manifested a similar N nutritional 
contribution for rice between the treatments with an 
equal glycine:NH4

+ concentration ratio in both soils. 

Table 2  Three-way ANOVA for the effects of soil type, 
adsorbed glycine (Gly) concentration, adsorbed Gly:NH4

+

ratio, and their interactions on rice biomass, Gly up-
take, and Gly nutritional contribution after 21-d sterile 
cultivation 

Source df MS F P 

Rice biomass      

Soil type 1 0.0004 3.036 0.090

Gly concentration 1 0.0016 11.078 0.206

Gly:NH4
+ ratio 2 0.0110 76.108 <0.001

Soil type×Gly concentration 1 0.0005 3.650 0.064

Soil type×Gly:NH4
+ ratio 2 0.0032 22.100 <0.001

Gly concentration×Gly:NH4
+ 

ratio 
2 0.0007 4.551 0.017

Soil type×Gly concentration×
Gly:NH4

+ ratio 
2 0.0004 2.999 0.065

Gly uptake    

Soil type 1 41290 21.751 0.039

Gly concentration 1 862 0.454 0.505

Gly:NH4
+ ratio 2 753679 397.034 <0.001

Soil type×Gly concentration 1 44958 23.683 0.080

Soil type×Gly:NH4
+ ratio 2 382856 201.686 <0.001

Gly concentration×Gly:NH4
+ 

ratio 
2 44633 23.513 0.080

Soil type×Gly concentration×
Gly:NH4

+ ratio 
2 34505 18.177 0.002

Gly nutritional contribution    

Soil type 1 305.5 157.685 <0.001

Gly concentration 1 1.2 0.638 0.400

Gly:NH4
+ ratio 2 226.6 116.962 <0.001

Soil type×Gly concentration 1 0.8 0.400 0.500

Soil type×Gly:NH4
+ ratio 2 62.9 32.477 <0.001

Gly concentration×Gly:NH4
+ 

ratio 
2 6.8 3.525 0.100

Soil type×Gly concentration×
Gly:NH4

+ ratio 
2 16.8 8.674 0.001

df: degree of freedom; MS: mean sum of squares 

Fig. 2  Rice biomass (a), glycine (Gly) uptake (b), and
Gly contribution (c) in the different treatments 
Different treatments: adsorbed Gly:NH4

+ weight content is
1:2 (T1), 1:1 (T2), 1:0.5 (T3) at Gly HAS concentration;
adsorbed Gly:NH4

+ weight content is 1:2 (T4), 1:1 (T5),
1:0.5 (T6) at Gly AS concentration. Values are expressed as
mean±SE of three replications. Points with the same letter
are not significantly different (P>0.05) 
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Three-way ANOVA indicated significant effects 
of soil type, glycine:NH4

+ ratio, and the interactions 
of soil type×glycine:NH4

+ ratio and soil type×glycine 
concentration×glycine:NH4

+ ratio on rice glycine 
uptake and glycine nutritional contribution (P<0.05; 
Table 2).  

 
 

4  Discussion 
 
In soil, approximately 40% of soil total N is 

present in the form of polymers such as proteins and 
peptides (Schulten and Schnitzer, 1997). Once amino 
acids are released in soil, many factors affect their 
abundance, such as their synthesis and destruction by 
biota, adsorption by clay minerals, and reactions with 
quinines and reducing sugars (Yu et al., 2002). Gonod 
et al. (2006) reported that the behavior of amino acid 
adsorption was closely related to soil clay content. 
The clay content was only slightly higher in soil B 
than in soil A, and therefore it apparently did not 
cause a significant difference in the adsorption ca-
pacity for glycine between the two soils. However, the 
soil with high organic matter is usually accompanied 
by a high cation exchange capacity (van Cleve et al., 
1993). Therefore, more amino acids may be adsorbed 
onto soil A. In addition, under natural conditions  
soil organo-mineral complexes usually contain great 
amounts of active adsorption sites. After five succes-
sive washes with 0.5 mol/L K2SO4, the contents of 
extractable amino acids adsorbed to the soil solid 
phase were extremely low, and under such a condition, 
most cation exchange sites may be highly activated 
and highly affinitive to the amino acids (Cao et al., 
2013). Balistrieri and Murray (1987) also reported 
that some ions, such as SO4

2−, Mg2+, and Ca2+, had 
weak absorption capacity on soil binding sites, so 
these ions can easily be removed after five successive 
washes and then be replaced by glycine. Therefore, 
soil A, which had a larger cation exchange capacity 
and high organic matter, had an advantage in ab-
sorbing more glycine than soil B (Cao et al., 2013). 

Though rice is known as an NH4
+-tolerant species, 

the high accumulation of NH4
+ in soils affects plant 

growth negatively, leading to such things as stunted 
root growth, yield depression, chlorosis of leaves, and 
reduced amino acid absorption (Britto and Kron-
zucker, 2002; Persson and Näsholm, 2003; Roosta 

and Schjoerring, 2008; Balkos et al., 2010; Li et al., 
2011a). In our study, a significant inhibition of NH4

+ 

on rice growth, in particular with a high NH4
+ treat-

ment (e.g. T1, T4), was observed in both soils. Pre-
vious studies have demonstrated that plants’ capture 
of amino acids was maximal at high concentrations 
under hydroponic cultivation (Jones et al., 2005b; 
Sauheitl et al., 2009). However, results from the 
three-way ANOVA demonstrated that rice glycine 
uptake and its nutritional contribution were not related 
to its sorption capacity but closely related to their 
glycine:NH4

+ concentration ratio (Table 2). Glycine 
uptake was not increased with increasing adsorbed 
glycine concentration under the condition of high 
NH4

+ application rate. At least two alternative ex-
planations can be presented in order to explain this. 
Amino acid uptake has been proved to be affected by 
exogenous C level rather than by the N level (Persson 
and Näsholm, 2003). So increasing the content of 
endogenous NH4

+ may lead to a major energy cost for 
NH4

+-efflux (Britto et al., 2001). Therefore, the de-
crease of plant amino acid uptake may be attributed to 
the insufficient energy supply in the mixed N source 
due to the competitive uptake. This agrees with  
the others’ observations, which related the effect to 
competition for carbon skeleton between root growth 
and NH4

+ assimilation in NH4
+-fed plants (Roosta and 

Schjoerring, 2008; Farrell et al., 2014). In addition, 
NH4

+ working as a signal down-regulating transcrip-
tion of the gene encoding the transporter, can also 
explain its damping effect on amino acid uptake. 
Notably, the glycine contribution in soil B was slightly 
more than that in soil A, but its values were not de-
creased with the increase of NH4

+ content. It seems 
that the inhibition effect of NH4

+ is lower in the soil 
with low glycine adsorption capacity compared with 
that with high glycine adsorption capacity, especially 
in the treatments of glycine half-adsorption saturation.  

Rothstein (2010) suggested that the adsorption 
of amino acids provides little competition for plant 
and microbial uptake in sandy forest soils. Under the 
condition of high NH4

+ application rate, as high as 
22% of rice total N uptake was derived from soil 
adsorbed glycine, which indicates that adsorbed gly-
cine theoretically can serve as an important N source 
for plant growth with high NH4

+ application rate. 
Despite the significant difference of glycine adsorp-
tion capacity in both soils, the similar nutritional 
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contribution suggested that the high bioavailability 
presented herein may be more broadly universal. If 
the relatively short experimental period is considered, 
amino acid bioavailability may however be signifi-
cant in the long run. Amino acids are excellent C and 
N sources for both plant root and soil microbes. 
Therefore, further studies are warranted, which will 
investigate the extent to which this bioavailability is 
realized in the field using the 13C, 15N double labeling 
technology, especially under NH4

+ redundancy. 
 
 

5  Conclusions  
 
Our results showed that the sorption capacity of 

glycine was closely related to soils’ physical and 
chemical properties (e.g. organic matter content and 
cation exchange capacity). After 21-d sterile cultiva-
tion, rice biomass was significantly inhibited by a 
high NH4

+ application rate. Rice glycine uptake and 
its nutritional contribution were independent from its 
glycine sorption capacity, but significantly related to 
soil type and glycine:NH4

+ concentration ratio. In 
spite of the high NH4

+ application rate, rice uptake of 
adsorbed glycine accounted for 8.8%–22.6% of rice 
total N uptake, which indicates that soil adsorbed 
glycine theoretically can serve as an important N 
source for plant growth.  
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中文概要 
 
题 目：铵态氮施用量对水稻幼苗吸收土壤吸附态氨基酸

的影响 

目 的：通过采用无菌土培培养方法，阐明外源高铵态氮

施用量与水稻幼苗生长、土壤吸附态氨基酸吸收

之间的关系。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

创新点：借助无菌培养和 15N 同位素示踪方法，揭示高铵

态氮浓度条件下土壤吸附态氨基酸对水稻幼苗

生长发育及其氮营养贡献的影响。 

方 法：采集两种不同生态系统的土壤A和B，经 0.5 mol/L 

K2SO4连续淋洗 5 次，121 °C 灭菌 30 min，15N-

甘氨酸处理后，根据甘氨酸吸附曲线（图 1）确

定甘氨酸吸附饱和点和吸附半饱和点，然后向土

壤中添加一些不同浓度的铵态氮，水稻幼苗无菌

培养 21 天后，用 MAT-271 质谱仪测定水稻幼苗

氨基酸吸收量。 

结 论：实验结果表明土壤甘氨酸吸附能力大小与土壤理

化性质紧密相关， 如有机质和阳离子交换量。外

源高铵态氮水平显著抑制水稻幼苗生长发育 

（P<0.05），但甘氨酸吸收及其氮营养贡献与甘氨

酸吸附能力大小无关，而与土壤吸附态甘氨酸和

铵态氮的浓度比值显著相关（P<0.05）。经过 21

天的无菌培养，土壤吸附态氨基酸对水稻的氮营

养贡献率达 8.8%~22.6%，表明土壤吸附态氨基

酸理论上可能作为植物的一种潜在重要营养氮

源。 

关键词：吸附态氨基酸；铵态氮；甘氨酸生物有效性；无

菌培养 

 
 


