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Fig. 2. Correlations between foliar carbon isotope discrimination (CID Δ‰) and foliar TN, TP and K 
contents (g·kg–1) in Artemisia ordosica. The corresponding linear regression equations (y = ax + b) were 
showed. Significance of the regression: ns – not significant; * – significant at P <0.05; ** – significant at 
P <0.01, *** – significant at P <0.001.
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higher than those of the rain-fed plot, indi-
cating that the CID Δ values increased with 
the improvement of water conditions.

High water use efficiency (WUE) is 
considered to be a trait contributing to the 
successful growth and production of species 
in arid and semi-arid environments, where 
plant productivity is mainly constrained 
by soil water availability (Thumma et al. 
1998). Farquhar  and Richards  (1984) 
suggested that the foliar CID Δ can be used 
to indicate the long-term WUE of a species. 
Much of this work focuses on the relation-
ship between CID Δ and WUE, and the re-
sults have typically shown that this relation-
ship is negative (Yan et al. 1998). In our 
study, long term monitoring of tree WUE 
through δ13C analysis revealed significantly 
(P <0.001) higher WUE in C. korshinskii 
than in A. ordosica (Table 4). The investiga-
tions of Smith and Nowak (1990) sug-
gested that high WUE is associated with in-
creased drought tolerance and is thus found 
in trees that grow in dry areas; this sug-
gests that C. korshinskii has greater drought 
tolerance than A. ordosica. This result also 
agrees with the previous report that the re-
sistance to drought, high temperatures, and 
dehydration of C. korshinskii was greater 
than that of A. ordosica (Shapotou Desert 
Research and Experiment Station, 1991). In 
addition, in C. korshinskii, catalase (CAT) 
activity and the ratios of bound water con-
tent to free water content were significantly 
higher, and leaf water potential were signifi-
cantly lower than those of A. ordosica un-
der different water conditions (Jiang and 
Dai  1988). Those references also suggested 
that drought tolerance of C. korshinskii was 
stronger than that of A. ordosica.

No difference in foliar TN content be-
tween C. korshinskii and A. ordosica was 
found in this study. Foliar TP and K signifi-
cantly increased the osmotic adjustment ca-
pacity and cell membrane stability of plant 
(Turner  1986, Gnansir i  and Hirohumi 
1990). Under drought conditions, P and K 
played the primary control role in the accu-
mulation of osmotic components (Xu et al. 
2002, Yang et al. 2003). In this study, foliar 
TP and K contents in A. ordosica were sig-
nificantly higher than those of C. korshinskii 
(Table 4). This suggests that enrichment of 

P and K was characteristic for A. ordosica, 
and thus its osmotic adjustment capacity 
was superior to that of C. korshinskii. In 
addition, soluble sugars content in A. or-
dosica was significantly higher (2.2 times) 
than that of C. korshinskii under different 
water conditions (Jiang and Dai  1988). 
These results also showed that A. ordosica 
had stronger osmotic adjustment capacity 
than C. korshinskii.

Among various environmental factors, 
nutrient (particularly nitrogen) deficiencies 
(Sparks  and Ehler inger  1997) can result 
in more negative δ13C values (higher CID Δ 
values) by reducing photosynthetic assimila-
tion of intercellular CO2 in leaves. Thus the 
negative relationship between foliar N con-
tent and CID Δ can be found. A negative 
relationship between foliar N content and 
CID Δ values was attributed to a lower sto-
matal conductance caused by the higher leaf 
N content (Tsia ltas  et  a l . 2002). However, 
in our study, there were significantly positive 
relationships between foliar CID Δ and foliar 
TN, TP contents in C. korshinskii. This result 
suggests that absorption capacity of this spe-
cies for N and P elements increased as water 
became more available due to the positive re-
lationship between water availability and CID 
Δ of plant tissues (L aundré  1999, Mi l ler  et 
al. 2001). It indicated that water conditions 
were one of the main factors that limited the 
N and P absorption capacity and the growth 
of C. korshinskii, while nutrient deficiencies 
were not (Choi  et al. 2005). The a values 
(the rate of increase per unit of increase – 1.0 
‰ – of foliar CID Δ) imply that the effect of 
water conditions on N absorption capacity of 
C. korshinskii was significantly stronger than 
that of P (Fig. 1). Thus, in agreement with 
our results (Fig. 1), the negative correlation 
between foliar TN and CID Δ values is not 
always evident. 

Potassium was selected to be evalu-
ated as a surrogate of CID Δ because of 
its role in plant water economy via regu-
lation of stomatal function (Masle  et al. 
1992, R ascio  et al. 2001). The strong and 
positive correlation between foliar K con-
tent and CID Δ in A. ordosica was found in 
our study (Fig. 2). This result also suggests 
that the capacity to absorb K increases with 
improved water conditions. The a values, 
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which were 2.04g·kg–1 ‰–1 in foliar K of A. 
ordosica, and 1.59 and 0.07g kg–1 ‰–1 in fo-
liar TN and TP of C. korshinskii, implied 
that the effects of water conditions on the 
above parameters varied due to differences 
of species and elements. In addition, the 
significant relationships between foliar CID 
Δ and nutrient contents revealed that foliar 
TN and TP contents in C. korshinskii and K 
content in A. ordosica can be indicated by 
their foliar CID Δ, respectively. 

In summary, by comparing WUE (cal-
culated by foliar CID Δ values) of A. or-
dosica and C. korshinskii, we concluded that 
the WUE of C. korshinskii was significantly 
higher than that of A ordosica. In A. ordosica, 
the TP, K and soluble sugars content were 
significantly higher than that of C. korshin-
skii. Those results implied that A. ordosica 
has a higher capacity for osmotic adjustment 
than C. korshinskii. 

We may conclude that A. ordosica and C. 
korshinskii were the desirable species for sta-
bilizing sand dunes and for the afforestation 
of degraded arid lands due to their different 
mechanism to adapt to dry conditions. The 
relationships between foliar CID Δ and TN, 
TP and K contents implied that water was a 
key factor limiting the growth and the ab-
sorption capacity for N and P in C. korshin-
skii, and for K in A. ordosica.
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