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Abstract: The nitrogen dynamics of plants can be quantified using the 

variation in their δ
15

N level. This reveals details of plant physiological 

characteristics and the relationship between plants and their growth 

conditions. To better understand plant nitrogen dynamics and the effects of 

external temperature changes on their nitrogen isotopic composition, we 

investigated the δ
15

N characteristics in Triticum aestivum and its mother 

soils during the plant’s life cycle. We found that under field conditions, 

the plant’s leaves and roots δ
15

N significantly changed. The δ
15

N values 

in Triticum aestivum changed from -1.6‰ to -8.1‰ for leaves and from 

-2.0‰ to -8.8‰ for roots, respectively. δ
15

N values for both, the leaves 

and roots were positively correlated with temperature. However, the 

foliar δ
15

N corresponded more strongly to air temperature, while the root 

δ
15

N corresponded to soil temperature. δ
15

N values of leaf and root both 

changed around 0.2‰ in response to a 1 degree change in temperature. 

Plant roots or shoot material cannot reflect the whole plant δ
15

N values due 

to a considerable difference between the δ
15

N values of root and leaf. 

However, the variations in leaf and root δ
15

N provide useful proxies to trace 

seasonal plant nitrogen cycles. 
 
Keywords: Nitrogen Isotopic, Winter Wheat, Root, Leaf, Temperature, 

Wheat Ecophysiology 

 

Introduction  

Nitrogen is considered as an essential nutrient element 
for plants (Kalcsits et al., 2015). During nitrogen surging of 
the plant, its δ

15
N values correlate with changes in the 

physiological characteristics of the plant (Mariotti et al., 
1980; 1982; Evans et al., 1996), the sources of nitrogen 
and the surrounding environment (Högberg, 1997; 
Handley et al., 1997; Austin and Vitousek, 1998; 
Yoneyama, 1996; Amundson et al., 2003; Pardo et al., 2006; 
Aranibar et al., 2008; Mayor et al., 2014). Consequently, the 
plant’s δ

15
N composition can be used as a marker to 

evaluate direction and rate of ecological processes related to 
isotope fractionation (Tiunov, 2007). Many studies 
concluded the shift of δ

15
N values to be related to 

temperature, precipitation, carbon dioxide in the air, as 
well as other factors (Martinelli et al., 1999; Aranibar et al., 
2008; Liu and Wang, 2010; Meyers et al., 2016). 
However, the issue of how the environmental factors 
affect the plants δ

15
N is still unclear at present (West, 

2006; Valery et al., 2008; Zhou et al., 2016).  

Temperature has been suggested as one of the key 

factors influencing δ
15

N values of plants. Both on a 

global and regional scale, it was suggested that plants 

δ
15

N values usually become high at high Mean Annual 

Temperature (MAT) (Amundson et al., 2003; 

Martinelli et al., 1999; Zhou et al., 2016). Similarly, 

Kohls et al. (1994) found that low temperature could 

result in negative plants δ
15

N values. In addition, the 

results of a past study suggested that δ
15N

 values of plants 

and soils became low caused by high rainfall and low 

temperature at high altitude localities (Mariotti et al., 

1980). However, Craine et al. (2015) found that δ
15

N 

became enriched with dropping MAP and ascending 

MAT as MAT is over -0.5°C. However, the values were 

stable for MAT lower than -0.5°C. For the Loess 

Plateau, Liu and Wang (2010) found decreasing δ
15

N 

values of plants with increasing MAT. This may be 

related to the coupled effect of increasing precipitation 

and temperatures in regions with monsoon climate. 

These observations show a link between plants and 
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environmental factors e.g., temperature. Moreover, the 

δ
15

N composition has been established as a useful 

marker to measure the interaction and correlation 

between plants in a controlled field environment 

(Zhou et al., 2016). However, most of the results of 

stable isotope analysis are based on large scale 

ecosystem assessment due to natural and anthropogenic 

processes (Mayor et al., 2014; Robinson, 2001). To our 

knowledge, there are no studies that demonstrate these 

relationships between plants and environmental factors. 

However, differences in δ
15

N values among plant parts 

were found in some studies (Kalcsits et al., 2015; 

Zhou et al., 2016; Yang et al., 2015). 
Wish increasing plant age, nitrogen has been shown 

to move within plant tissues (Larcher, 2002). Few 
studies have been carried out to examine whether 
nitrogen transferring within a plant will influence its 
stable isotopic association (Dawson et al., 2002). 
Moreover, whether δ

15
N values remain stable throughout 

the lifetime of a plant is still unclear. A better 
understanding of the correlations between nitrogen 
isotopic fractionations and plant biochemical processes 
is essential to use δ

15
N as environmental integrator of 

nitrogen cycle processes (Meyers et al., 2016). 
The total wheat yield is up to 22.5% of the total grain 

yield and wheat consumption accounts for 25% of the 
total grain consumption in the whole country (Zhao, 
1999). In the northern regions of China, winter wheat is 
typically planted in early October and the subsequent 
emergence stage ranges from late October to November. 
Tillering time ranges from December to January and 
through to early February. Jointing time ranges from late 
February through to March and April and the flowering 
stage, filling stage and mature period all range from May 
to June (Wen, 2013; Li et al., 2014). During the 
relatively long lifecycle of winter wheat, seasonal 
temperature change is an important factor to control 
plant growth and total nitrogen and organic carbon 
contents. Thus, winter wheat is an ideal plant model to 
study the influence of the surrounding environment on 
δ
15

N values over the lifetime of the plant. To exclude 
other variables, such as plant species, water status and 
geographic region, our study featured (1) one single 
species of winter wheat (Xiaoyan No. 6), (2) water 
content supplied constantly during the entire wheat 
growth cycle and (3) using a controlled field plot for 
the experiment. The study was aimed to investigate 
possible δ15N variation in the development of the plant 
within the micro-ecosystem and to outline the reasons 
for δ

15
N shifts in plants and the controlling factors 

during the whole growth cycle of winter wheat. 

Materials and Methods 

Materials 

We conducted this study in the experimental field 

belonging to ISWC, CAS in Yangling Zone (34°16′N, 

108°35′E), Shaanxi Province, China. The studied area 

lies in the Guanzhong Basin of northwestern China. 

Here, temperature changes from -12.7 to 37.5°C for a 

year (Zhang et al., 2011), with the maximal 

temperature in August. The soil type is loessial soil. 

There are approximately 2196 hours of daylight and 

220 frost-free days per year. The annual precipitation 

and temperature are approximately 660 mm and 

12.9°C, respectively. Over 50% of the annual rain falls 

in the summer season. 

Winter wheat is the main crop in this area. The size 

of the experimental field for this study was 2×3 m. We 

planted winter wheat Triticum aestivum L. (Xiaoyan No. 

6) on October 13th, 2005. Germination occurred on 

October 27th, 2005. We used approximately 0.01 kg of 

urea and diammonium hydrogen phosphate fertilizer per 

square meter before the harvest. The soil moisture 

content was strictly controlled at 70-80% during the 

whole lifecycle of winter wheat. From October to June 

of the following year, the winter wheat completed its 

growth period (Table 1). During the lifetime of winter 

wheat, air and soil temperatures (at a depth of 10 cm) 

changed from -2.2 to 21.7°C and -0.6 to 26.9°C, with 

averages of 8.5 and 13.2°C, respectively. The growing 

temperature of the plants has been reported by the past 

study (Zhang et al., 2011). 

Sample Collections 

We collected winter wheat Triticum aestivum L. 

(Xiaoyan No. 6) and soil samples after germination from 

October 27, 2005 to May 30, 2006. We collected leaf, 

root and soil samples (at depths of 10-20 cm) biweekly. 

For December, January and February, we collected 

samples monthly. 

We used the flag of leaf for our research. We 

extracted root samples from the soil as much as 

possible. We simultaneously collected root area soil, 

excluding large stones. 

Sample Pre-Treatment and Isotope Analysis 

We cleaned leaf and roots samples with de-ionized 

water. We oven-dried cleaned plant and soil samples 

(40°C) for 72 h. We combined 3 to 5 plants as one 

testing sample and ground the samples in an agate mill. 

We analyzed elemental nitrogen contents (N%) and 

the nitrogen isotopic composition (δ
15

N) in the Isotope 

Geochemistry Laboratory, Institute of Earth 

Environment, CAS, China. We performed all analyses 

using an Isochron Continuous Flow Stable Isotope 

Ratio Mass Spectrometer Finnegan Delta Plus coupled 

with a Flash Elemental Analyzer (EA). We measured 

the stable isotopic concentrations of δ
15

N as the ratio of 

δ-notation relative to the international standard (AIR): 
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where, Rsample and Rstandard are the 
15

N/
14

N ratio of the 

samples and standard, respectively. To compare the 

difference between the plant δ
15
N below ground and 

above ground, we denoted the differences in leaf and 

root δ
15
N as ∆

15
Nleaf-root. The standard deviation of N% 

and δ
15
N among samples should be below 0.1% and 

0.3‰, respectively.  

Organic carbon in the soil organic fraction and 

ammonium and nitrate concentrations were tested at 

the Institute of Soil and Water Conservation, CAS. 

Soil organic carbon was determined using the wet 

combustion method with K2Cr2O7/H2SO4 and total 

nitrogen content was determined using the automated 

Kjeltec (Switzerland Novelact Co. BUCHI322/343, 0-

150 mgN) method (Li et al., 2010). Soil ammonium 

and nitrate concentrations were determined via the 

Auto Analyzer 3-aa3 (Germany, Bran + Luebbe Co, 

Ltd). Precisions were higher than 0.1% for N%. 

The data for air temperature (air T) and soil 

temperature (soil T) at 10 cm were obtained from the 

Wugong Meteorological bureau, about 5 km from the 

study site. We used an average 10-day air temperature 

and average 10 cm soil temperature on the sampling day 

to examine the relationship between leaf and root δ
15

N 

values and growing season temperature variation. 

Statistical Analysis 

We performed each set of experiments in triplicate. 

We present the results for each experiment as the 

mean ± SD. We assessed all data using one-way 

Analysis of Variance (ANOVA) and further analyzed 

significant results using a multiple comparison test. 

We determined the relationship between leaf and root 

δ
15

N values, as well as air temperature and soil 

temperature via Spearman rank correlation 

coefficients. We defined statistical significance at 

p<0.05. The number of experiments is also indicated 

in the figure legends. All statistics were computed by 

SPSS (ver.18.0; SPSS Inc., USA). 

Results 

Dynamic Changes and Co-Efficiency between Air 

and Soil Temperature During Plant Growth 

The soil temperature at 10 cm was higher than air 

temperature during the wheat growth lifetime. Air 

temperature changed from -2.2 to 21.7°C while soil 

temperature changed from -0.6 to 26.9°C, with 

averages of 8.5 and 13.2°C, respectively. On October 

27, 2005, at the  seedling  stage  of winter wheat, air 

and soil temperature began to decline. We observed 

minimal temperatures on December 22, 2005, when 

winter wheat was at the Tillering stage. From 

December 23 to May 30, 2006, temperatures rose and 

the winter wheat completed its Jointing stage, 

flowering stage, Filling stage and mature period 

(Table 1 and Fig. 1A). 

The temperature changing pattern for air is very 

similar to that of soil. In general, air T positively 

correlated with soil T (r = 0.985, p<0.01, Fig. 1B) 

 

 
 

 
 

Fig. 1. Air T (10-day average) and soil T (sample collection 
day) changes during the vegetative period (A). Air T 
and soil T have a significant positive correlation 
(p<0.01) (B) 

 
Table 1. Winter wheat vegetative period in the northwestern parts 

of China (Jing et al., 2013) 

Time periods Winter wheat vegetative period 

October, November  Seedling stage 

December, January, early February Tillering stage 
In late February, March, July Jointing stage 

Early May Flowering stage 
In late May, June Filling stage, mature period 
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Table 2. Leaf and root δ15N values and ∆δ15Nleaf-root, leaf and root nitrogen content. Means of δ15N values and nitrogen content 
throughout vegetative period are shown on the bottom row. Data given are means ± SE (n = 3) 

   Leaf nitorgen Leaf nitorgen ∆δ15NLeaf-Root 
Date Leafδ15N (‰) Rootδ15N (‰) content (%) content (%) (%) 

27-10-2005 -3.0±0.5 -2.0±0.2 6.8±0.5 1.7±0.1 -1.0 
10-11-2005 -5.6±0.1 -4.4±0.1 4.7±0.3 1.8±0.1 -1.2 
24-11-2005 -7.7±1.5 -6.4±0.2 4.7±0.4 1.7±0.1 -1.3 
22-12-2005 -8.1±0.3 -8.8±0.4 4.0±0.3 1.5±0.1 0.8 
20-01-2006 -8.1±0.1 -7.9±0.2 2.8±0.2 1.8±0.1 -0.2 
19-02-2006 -4.2±0.8 -6.6±0.3 4.8±0.2 1.4±0.1 2.4 
20-03-2006 -3.7±0.2 -3.9±0.2 5.9±0.5 1.2±0.0 0.2 
03-04-2006 -3.8±0.1 -5.6±0.1 5.1±0.2 1.3±0.2 1.8 
17-04-2006 -2.0±0.1 -4.0±0.2 4.8±0.3 1.0±0.1 2.0 
01-05-2006 -3.2±0.2 -6.8±0.4 5.0±0.1 1.0±0.0 3.7 
15-05-2006 -1.6±0.1 -3.6±0.4 3.4±0.4 0.9±0.0 2.0 
30-05-2006 -2.3±0.7 -2.3±0.2 0.8±0.0 1.0±0.1 0.0 
Average -4.4±2.4 -5.2±2.2 4.4±1.5 1.4±0.3 0.8±1.6 

 
Table 3. Soil δ15N values, nitrogen content, nitrate content, ammonium content, carbon content and C/N ratios. Means of index are 

shown at the bottom row. Data given are means ± SE (n = 3) 

 Soil δ15N Soil nitorgen Soil NO3

- Soil NH4

+ Soil Organic 
Date (‰) content (%) content (mg/kg) content (%) carbon content (‰) Soil C/N 

27-10-2005 5.7±0.3 0.13 42.79 104.26 1.05 7.97 
10-11-2005 3.9±0.6 0.14 43.59 55.45 0.98 7.01 
24-11-2005 4.9±0.6 0.14 40.85 51.27 1.07 7.67 
22-12-2005 3.8±0.2 0.14 42.26 28.56 0.76 5.58 
20-01-2006 4.6±0.7 0.15 39.97 87.44 1.00 6.61 
19-02-2006 3.1±1.5 0.12 42.80 20.31 1.01 8.16 
20-03-2006 3.7±0.2 0.13 43.84 19.86 1.05 8.21 
03-04-2006 3.7±0.8 0.12 44.36 18.15 0.98 8.33 
17-04-2006 4.5±0.3 0.13 41.66 23.03 1.01 7.76 
01-05-2006 3.9±0.4 0.11 20.28 19.16 1.01 8.80 
15-05-2006 4.5±0.2 0.11 18.42 16.05 1.05 9.17 
30-05-2006 4.5±0.1 0.11 12.03 13.41 1.02 9.10 
Average 4.2±0.1 0.13±0.01 36.07±11.76 38.08±30.31 1.00±0.08 7.86±1.05 

 

Signatures of δ
15
N and Nitrogen Contents in the 

Flag of Leaf and Root Winter Wheat (Triticum 

Aestivum) 

The flag of leaf and root nitrogen content varied 

from 0.8 to 6.8% and 0.9 to 1.8%, respectively (Table 

2). During the wheat lifecycle, foliar nitrogen content 

(N%) is higher than root nitrogen content (Table 1) 

with average nitrogen contents of leaf and root of 4.4 

and 1.4%, respectively. The highest leaf nitrogen 

content appeared at the seedling stage (October 27, 

2005), while the lowest foliar nitrogen content 

appeared at the mature period (May 30, 2006). 

The foliar δ
15

N values ranged from -1.6‰ to -8.1‰ 

with an average of -4.4‰. Root δ
15

N values vary from 

-2.0‰ to -8.8‰ with an average of -5.2‰ (Table 1). 

Minimal foliar and root δ
15

N values appeared in 

December and January, when winter wheat was in its 

Tillering stage. We found maximal leaf and root δ
15

N 

values during the mature period (May, 2006) (Table 

1). However, leaf and root  δ
15

N  values  co-varied  

over the  lifetime (Fig. 2). 

The ∆
15
Nleaf-root shows that δ

15
N values of the root 

were above that of leafs during the sprouting stage 

(from 2005-10 to 2006-01). However, the values of 

foliar δ
15

N were above those of the roots at tillering 

stage (from 2006-02 to 2006-05). Minimal foliar and 

root δ
15

N values appeared in December and January 

(Table 1 and Fig. 3), when the temperature was lowest 

during the experimental year. During the wheat 

lifetime, δ
15

N values display a large shift between the 

wheat leaf and root (Table 1). 

Values of δ
15
N Positively Correlated with Air and 

Soil Temperature with the Growth of Winter Wheat 

To further investigate the plant δ
15

N changes 
during the lifetime of winter wheat, we performed a 
correlation analysis on the values of δ

15
N and 

temperature of air and soil with every developmental 
stage, respectively. We detected significant positive 
correlations between the leaf δ

15
N level and the 

temperatures of air and root δ
15

N level and soil (r = 
0.84, p<0.01 for leaf δ

15
N and air T and r = 0.68, 

p<0.05 for root δ
15

N and soil T, respectively) (Fig. 3 
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and 4). Similarly, we obtained the leaf δ
15

N and root 
δ
15

N with air and soil temperature as follows: 
 

15

leaf air
N 0.2T 7.0δ = −  (1) 

 
15

root soil
N 0.2T 7.3δ = −  (2) 

 

where, δ
15
Nleaf and δ

15
Nroot are the leaf and root δ

15
N 

values, respectively. Tair is the air temperature and Tsoil is 

the soil temperature at a depth of 10 cm, respectively. 

From formula (1) and (2), we conclude that the δ
15

N 

values of leaf and root changed by 0.2‰ in response to a 

temperature change of 1°. 

Soil Physicochemical Characteristics and 

Correlation with Changes of Winter Wheat δ
15
N 

Values during Plant Growth Stage 

The soil δ
15

N values range from 3.1‰ to 5.7‰, with 

an average of 4.2‰. δ
15

N values in soil only slightly 

changed, compared to plant flag leaf and root δ
15

N 

values. Soil nitrogen contents and organic carbon 

contents in soil also changed only slightly with averages 

of 0.13 and 1.0%, respectively. The contents of soil NO3-

N% and NH4

-
N% ranged from 44.36 to 12.03 mg/kg and 

104.26 to 13.41, respectively. 
Soil δ

15
N values were higher than leaf and root δ

15
N 

values (Table 1 and 2). However, the significant 
correlation were not find between temperature and soil 
δ
15

N, N%, NO3-N% and NH4-N% (p>0.05 for all). Soil 
δ
15

N, N%, NO3-N% and NH4-N% do not correspond to 
leaf and root δ

15
N. Interestingly, the carbon to nitrogen 

ratios correlate with leaf and root δ
15

N (p<0.05; Fig. 3). 
Table 4 Correlations between leaf and root δ

15
N 

values and soil chemical indicators. * and ** means the 

difference is significant at the 0.05 and 0.01 level, 

respectively. 
 

 
 
Fig. 2. Correlations between leaf and root δ15N values. A 

significant positive correlation was found between leaf 
and root δ15N values (p<0.01) (B) 

Discussion 

Deficiency of nitrogen is known to limit plant 

growth in terrestrial ecosystems (Vitousek, 1994; 

Kalcsits et al., 2015). Improved understanding of the 

mechanisms that control the whole-plant and foliar 

δ
15

N will be gained from plant nitrogen acquisition and 

allocation (Handley and Raven, 1992; Evans, 2001; 

Dawson et al., 2002; Kalcsits et al., 2014). Plant 

nitrogen dynamics can be quantified by natural 

variation in the plant’s nitrogen isotopic composition 

(Evans et al., 1996; Kalcsits et al., 2015). In this study, 

we mainly researched the relationship between 

temperature and plant δ
15

N values, excluding other 

influences like external air factors. We tested δ
15

N 

values of wheat from seedling stage to mature period. 

Our results show that plant δ
15

N, of leafs and roots are 

all positively correlated with air and soil temperatures. 

Changes of Plant δ
15
N Values during Growing 

Time and its Influencing Factors 

A large body of work exists thatstudues changes in 

nitrogen isotopic compositions in various plants under 

different environmental conditions (Pardo et al., 2006; 

Amundson et al., 2003; Mariotti et al., 1980; Austin and 

Vitousek, 1998; Austin and Sala, 1999; Handley et al., 

1999; Swap et al., 2004; Aranibar et al., 2004; 2008). 

However, few studies concentrate on changes in nitrogen 

isotopic compositions throughout the whole lifecycle of 

plants. In this study, we measured δ
15

N values of winter 

wheat at different developmental stages. Our results show 

that large shifts in δ
15

N values exist in wheat leaves and 

roots during the lifecycle of the plants (Table 1). Leaf 

and root δ
15

N values decreased from -8.1‰ to -1.6‰ 

and from -8.8‰ to -2.0‰, respectively. We observed 

minimal δ
15

N values at tillering stages of winter wheat. 

This implies that plant physiological varieties changed 

due to changes in surrounding environmental factors. On 

the other hand, we measured maximal δ
15

N values in 

seedling stages and mature periods. Thus, the level of 

δ
15

N corresponds to the developmental stage.  

The winter wheat δ
15

N values in leaves and root 

vary systematically with temperature changes (Fig. 3). 

Increasing temperature is a controlling factor for 

stable varied δ
15

N as soil moisture content and nutrient 

level are constant. Winter wheat showed lower δ
15

N 

values during the cold season (From December to 

January), implying increased isotopic discrimination 

during this period. Our result is similar with finding 

that plants under cold stress have low foliar δ
15

N 

values (Kohls et al., 1994). A study reported that the 

plants under slow growing rate have large nitrogen 

isotopic fractionation (Domenach et al., 1989). The 

metabolism of plants usually slows down in cold season 

and consequently, the nutrient uptake evidently decreases. 
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Fig. 3. Correlations of leaf δ15N values and air temperature (A), 

root δ15N values and soil temperature (B). The 
correlation significant of leaf’s are higher (A, p<0.01) 
than those for root’s (B, p<0.05). The results implies 
that the isotopic compositions in the leaf are more 
sensitive to temperature changes 

 
Table 4. Correlations between leaf and root δ15N values and 

soil chemical indicators. * and ** means the difference 
is significant at the 0.05 and 0.01 level, respectively 

Soil Soil Soil Soil NO3

-
 

 δ
15
N N NO3

- 
NH4

+ 
+NH4

+ 
C% C/N 

Leafδ
15
N 0.06 -0.77** -0.48 -0.41 -0.49 0.47 0.83** 

Rootδ
15
N 0.46 -0.48 -0.28 -0.04 -0.06 0.58* 0.62* 

 

The relatively small nitrogen uptake by plants then 

increases isotope discrimination (Mariotti et al., 1982), 

which leads to decreasing δ
15

N values in cold 

temperatures. Furthermore, the rate of nitrogen uptake 

decreased in plants, but nitrate reductase activity 

boosted significantly when temperature became low 

(Yaneva et al., 2002; Schmidt et al., 2015). Increased 

nitrate of reductase activity in plants in cold 

environment may resulted in increased nitrogen 

discrimination between plants and soil. 

Certain plant required for vernalization stage, which 

will lead them to enter the reproductive stage through 

exposure the plant to low, but non-freezing temperatures 

(Trione, 1966; Streck et al., 2003). Vernalization 

influences most of the plant’s chemical patterns, which 

associated with plant’s metabolic adaptations under low 

temperature. Vernalization of winter wheat happens 

during the tillering stage in cold season. Secondary, the 

study showed that secondary metabolite (like lipids, 

amino sugars and alkaloids) have more negative δ
15

N 

values (Roland et al., 2002), which may lead to 

decreasing δ
15

N values in colder temperatures. 

Influence of Nitrogen Source from Soil on Plant δ
15
N 

In general, nitrogen in plants comes from soil 

nitrogen pool (Vallano and Sparks, 2013). Variations in 

the soil nitrogen stock may change wheat δ
15

N in our 

study. Nitrogen in soil exists both in organic and 

inorganic nitrogen forms. However, there was not 

significant correlation between wheat δ
15

N and total soil 

nitrogen δ
15

N in our study. The reason may be that the 

plant can only absorb inorganic nitrogen from minor 

amino acids in soil. Our results show that lower soil δ
15

N 

values appear during December, January and February 

when air and soil temperatures are low (Table 2 and Fig. 

1). Plants take up low δ
15

N nitrogen sources (NH4

+
-N, 

NO3

-
-N), which in turn leads to lower wheat δ

15
N during 

low temperature seasons. In contrast, plants have higher 

δ
15

N values when the surrounding temperatures increase. 

However, the δ
15

N values of leaf and root do not 

correspond to nitrogen contents and soil chemical 

characteristics. When soil organic matter decomposes, 

nitrification, denitrification and ammonia volatilization 

result in 
15

N enrichment in the soil (Austin and Vitousek, 

1998; Craine et al., 2015). The results in this study show 

that δ
15

N values of leaves and roots were lower than soil 

δ
15

N, which is testified in other studies (Evans and 

Ehleringer, 1993; Garten, 1993; Högberg and 

Johannisson, 1993; Michelsen et al., 1998; Miller and 

Bowman, 2002; Koba et al., 2003). 
Our results showed that soil C/N ratios vary in 

relation to changes in growing temperature and wheat 
δ
15

N values (Table 4). Consequently, changes in leaf and 
root δ

15
N values within the lifecycle are correlated to the 

soil C/N and their coefficients of determination (R) are 
0.83 (p<0.05) and 0.62 (p<0.05), respectively. We 
suspect this to be related to microbial activity and 
litter decomposition (Rustad et al., 2000; Keryn, 
2001; Craine et al., 2015). At low temperatures, 
microbial activity weakens (Panikov et al., 2006) and 
the low decomposition rate reduces soil nitrogen 
availability and decreases soil carbon to nitrogen ratios. 

Temperature influences microbial activity, which 

influences plant’s nitrogen sources in the soil. For 

example, organic matter decomposition, inorganic 

nitrogen concentration etc. So the main external cause of 
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wheat δ
15

N changes might comes from nitrogen source 

changes in the soil. 

Leaf and Root δ
15
N Variation 

The previous study showed that the variation in plant 

δ
15

N can range from -10‰ and 10‰ (Evans, 2001). In 

this study, ∆
15
NLeaf-Root values range from -1.3 to 3.7‰ 

(Table 1), which is consistent with previous reports 

(Evans et al., 1996; Dijkstra et al., 2003; Kalcsits et al., 

2015). However, during early wheat growth periods in 

seeding stage, δ
15

N values of roots are higher than δ
15

N 

values of leafs. During later growth periods, the leaf 

δ
15

N values are higher than the root δ
15

N values. In this 

study, the enrichment of δ
15

N from roots to leaves (Table 

1) is different with previous studies (Yoneyama and 

Kaneko, 1989; Robinson et al., 1998; 2000; Peuke et al., 

2006). Our results further confirm that above-ground 

tissue δ
15

N values cannot represent the δ
15

N values of the 

whole plant (Dijkstra et al., 2003). Intra-plant patterns of 

δ
15

N can be influenced by changes of nitrogen sources 

and reallocated of nitrogen in its vegetative period 

(Shearer and Kohl, 1986; Evans, 2001; Schmidt et al., 

2015). Plant’s assimilation patterns between NH4

+ 
and 

NO3

- 
can

 
influence intra-plant δ

15
N either (Evans et al., 

1996; Kalcsits et al., 2015). Urea we used to fertilize the 

experimental plot in our study may explain the negative 

∆
15
NLeaf-Root values in seedling stage because that is when 

we applied the fertilizer. Previous study shows that 

fractionation of 
14

N and 
15

N could occur at two 

pathways. One is come from plant uptake nitrogen from 

a medium into root cells the other lies in subsequent 

enzymatic assimilation into other nitrogen forms 

(Mariotti et al., 1980; 1982). Compared with NH4

+
, NO3

-
 

assimilation can take place in both roots and shoots. 

Then the left NO3

-
 that was not assimilated in the root 

would have higher δ
15

N values. Therefore the δ
15

N of 

NO3

- 
available for assimilation into the leaf is greater 

than that for the root when the enriched nitrogen in 
15

N is 

transferred to the leaf and assimilated. Nitrogen 

reallocation during plant growth can lead to differences 

among plant organs, because most biochemical 

reactions in plant tissues discriminate against 
15

N. 

NO3

-
 reduction, GS-GOGAT, transaminations and 

other enzymatic reactions could result in products 

with lower δ
15

N values compared with the original 

source (Evans, 2001; Schmidt et al., 2015). 

Reallocation of nitrogen from leafs to flowers and 

seeds, during the jointing, flowering and filling stages 

as well as during the mature period of winter wheat, 

cause higher leaf δ
15

N values than in the root. 

Conclusion 

To our knowledge, this is the first study to present a 

correlation between the shift in δ
15

N values of the leaf 

and root of winter wheat under water-controlled 

conditions and during the plant’s whole lifecycle. We 

found that both leaf and root δ
15

N values are 

positively correlated to growing temperature during 

the lifecycle of winter wheat. The range of wheat δ
15

N 

values is higher in colder seasons than in warm 

seasons. The change in leaf and root δ
15

N appears to 

be influenced by plant ecophysiology and the C/N 

ratio in the soil, which is related to air temperature. 

However, the large shift in δ
15

N values between root 

and leaf implies that plant root or shoot material does 

not represent the δ
15

N values of the whole plant. 

Consequently, additional experiments are needed to 

better understand correlation between plant δ
15

N and 

the surrounding environmental factors. 
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