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Abstract The mixed plantation of poplar (Populus spp.)
and black locust (Robinia pseudoacacia) is one of the typical
mixed stands with nitrogen-fixing and non-nitrogen-fixing
species. Interaction between the two species in the mixed
stand is harmonious and productivity is high, making this
kind of mixed plantation a very successful pattern on poor
sandy sites in north China. In this study, the fine root de-
composition of the two species was investigated in the mixed
plantation of 27-year-old Canadian poplar (P. canadansis)
and 22-year-old black locust on sandy sites along the
Chaobai River in Beijing. Mechanism of harmonious inter-
action between the two species was observed in the view of
the nutrient cycle of fine roots. Results showed that: (1) the
fine root decomposition of Canadian poplar and black locust
trees was different. Concentrations of N, Ca and Mg grad-
ually increased and those of P and K gradually decreased in
the fine roots of poplar during the period of decomposition.
Concentrations of N, P and K gradually decreased in the fine
roots of black locust during decomposition. The speed of
nutrient decomposition in mixed fine roots of the two species
fell between the speed of the two pure samples. (2) During
decomposition, the annual return amount of N, K and Mg in
fine roots of black locust was highest, followed by the mixed
fine roots of the two species, and then the fine roots of poplar.
(3) The increased return amount of N in mixed fine roots
could improve the N nutrient condition of poplar trees. The
return amount of P in poplar fine roots was greater than that
of black locust, which could improve the P nutrient of black
locust trees. The interaction of mutual supplements of N and
P nutrient cycle of fine roots between these two species
formed.
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1 Introduction

Fine root plays an important role in the cycle of nutrient and
energy in a forest ecosystem. Although it only accounts for
5% of the total biomass of the ecosystem, its growth incre-
ment represents 50%—70% of the total net primary productiv-
ity of forests [1,2]. The death of fine roots is an important
way by which organic matters and nutrient elements return
to the forest soil, and the amount of N which returns to soil
through fine root death is 18%—58% more than through leaf
litter [3,4]. In the past 20 years, much attention has been
paid to the fine root’s role in the nutrient cycle of forest
ecosystems, and studies on fine roots have been a hot topic
in the research on forest ecosystems [2,5-9]. However, up
to date we are still short of in-depth studies on fine roots of
tree species in China [10—13]. Because of the important role
of turnover and decomposition of fine roots in the nutrient
cycle, and the different characteristics of fine root turnover
and nutrient return for various tree species in the mixed
plantation, the nutrients among these tree species would be
affected mutually. Studies on fine root dynamics and its
nutrient conditions in pure and mixed plantation of different
tree species will reveal the mutual nutrient relationship
between tree species in the mixed plantation.

Mixed plantation of poplar and black locust (Robinia
pseudoacacia) is a typical mixed plantation composed of
N,-fixing and non-N,-fixing tree species. It is very signif-
icant for afforestation on sandy soil in north China. Previous
studies show that the reason for high productivity and good
harmony in this type of mixed plantation lies in the mutual
effects of nutrients between these two species [14-16].
In this study, the composition of fine roots and nutrient
changes were investigated as well as the nutrient harmony
mechanism of mixed plantation of poplar and black locust.

2 Experimental site description

The experimental site is located in Youth Forest Farm beside
Chaobai River in Beijing (40°16'N, 116°46'E) with an ele-
vation of 30 m and a ground water level of 5 m. The forest
farm has an area of 980 hm?. Soil is sandy alluvium and larded



with few loam sand. The content of organic matter is less
than 5 g/kg, and the water- and nutrient-holding capability
is poor. This area has a warm continental temperate climate.
It is windy and dry in spring, and hot and rainy in summer,
with an average annual air temperature of 11.4°C and an
effective annual accumulated temperature of 5,400°C. The
average annual precipitation is 630 mm, and the rainy sea-
sons fall mainly in July and August. The average annual
evaporation is 2,000 mm and the frost-free period 180—
200 days.

3 Methods
3.1 Experimental objective

The objective of this study includes the pure plantation of
27-year-old Canadian poplar (Populus canadansis), pure
plantation of 24-year-old black locust, and a mixed planta-
tion of the two species. The pure plantation has a spacing of
3 mx3 m. In the mixed plantation, the two species were
planted and mixed in rows, with a row spacing of 3 m and a
plant spacing of 1.5 m. Black locust represented 52.6% of
the mixed plantation.

3.2 Experiment arrangement and measurement method

Typical plots (0.2 hm?) were selected in different planta-
tions. From April to November of 2000, by using a dig
auger (6 mm in inner diameter), soil samples were taken
from every plot, and fine roots (diameter less than 2 mm)
were selected from the soil samples. The selected fine roots
were cut into 3 cm long sections. Part of the fine roots was
used for the analysis of moisture content and original nu-
trient content, and the rest was used as samples in root
decomposition experiments. The fine root samples of each
plantation were put into nylon bags with 0.5 mm net mesh.
The decomposition bags of poplar roots were buried into
pure poplar plantation, the bags of black locust into pure
black locust plantation, and the mixed sample bags into
mixed plantation. The bags were buried at a depth of 10 cm.
The weight of fine roots in every nylon bag was 5 g, and fine
roots of poplar and black locust were placed in sample bags
in a 1:1 mixture. Five decomposition bags of each type of
fine roots were opened and taken to the laboratory for anal-
ysis every 30 days, and the decomposed fine roots were
dried at 80°C and weighed, and their nutrient contents were
measured. N content is determined by Kjeldahl method, P
content by Mo—Sb—Vc¢ colorimetry, and K, Ca and Mg
content by flame photometer.

3.3 Calculation of nutrient return amount

(1) Weight loss rate (WLR)

WLR(%) = [(IW x OC — RW x RC) /(IW x OC)]
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Table 1 Original element content in poplar and black locust fine
root /(g'kg )

Fine root N P K Ca Mg

Poplar 1.200 0.469 0.484 0.493 0.116
Black locust 2.973 0.413 0.524 0.539 0.105
Mixture 2.364 0.427 0.503 0.516 0.109

where OW is the original dry weight, OC is the original
concentration, RW is the residual dry weight and RC is
the residual concentration.

(2) Nutrient return amount (NRA)

NRA = (DR x OC) — (RR x RC)

where DR is the annual dead fine root amount, OC is
the original nutrient concentration of fine roots, RR is
the residual fine root amount and RC is the residual
nutrient concentration of fine root.

4 Results and discussion
4.1 Decomposition and nutrient release of fine roots

In the process of decomposition, nutrient elements were
released from fine roots and transferred into the soil. In this
way, fine roots exchanged nutrients with their environment.
Hence, the nutrient content of fine roots keeps changing
during the whole process. Some elements were accumu-
lated, some released, and others accumulated and released
alternately. Meanwhile, the nutrient change of fine roots
was also related with their physical structures and chemical
compositions.

Based on the content measurement of the original nutri-
ents, P and Mg content in poplar fine roots were higher than
those in black locust, and those of N, K and Ca in fine roots
of poplar were less than those in black locust (Table 1).
Compared with the aboveground leaf litters, the contents of
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Fig. 1 Change in N concentration in the decomposition of fine
roots: ¢, poplar roots in poplar stands; O, poplar roots in black
locust stands; A , black locust roots in poplar stands; x, black locust
roots in black locust stands; o, black locust roots in mixed stands
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Fig. 2 Change in P concentration in the decomposition of fine roots

N, P, Ca and Mg in fine roots of poplar and black locust were
higher than the former, but for K, the latter is less. In
particular, the N content in fine roots of poplar, black locust
and their mixture was 1.74, 1.84 and 1.89 times as high as
its counterpart in leaf litters, respectively. This result was
similar to the data of a previous report [4].

4.1.1 Nutrient element changes in fine root
decomposition

Results showed that during fine root decomposition, the
contents of N, P, K, Ca and Mg kept changing (Figs. 1, 2, 3,
4 and 5). During the 300-day period of decomposition
under pure poplar and black locust stands, the N content in
fine roots of poplar kept accumulating and was higher than
its original level (Fig. 1), which had a close relationship to
its lower N content and higher C/N. In the early period of
decomposition, under pure poplar and black locust stands,
the N contents in fine roots of black locust were steady, but
after 60 days of decomposition under its own pure stand and
after 120 days under pure poplar stand, the N content in fine
roots of black locust began to decline. It indicated that
during decomposition, N content in fine roots of black
locust declined more quickly under black locust stand than
under poplar stand. The content of N in the mixture fine
roots declined gradually and then sharply after 120 days
when they were decomposed under mixed plantation. It
indicated that mixing their fine roots could accelerate the
process of N release and benefited N cycle of dead fine
roots.
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Fig. 3 Change in K concentration in the decomposition of fine roots
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Change in Ca concentration in the decomposition of fine

The P content of poplar fine roots continuously declined
when they were decomposed under black locust stand and
under its own stand, but more quickly so under the former
(Fig. 2). P was also released in the fine roots of black locust,
similar to that of poplar. During the early part of the 180-day
period, P content in black locust fine roots slowly declined
when decomposed under poplar stand and its own stand, but
more quickly after 180 days under its own stand. P in the
mixture fine roots was also released, but at a faster rate than
that in poplar fine roots and slower than that in black locust
roots.

K in poplar fine roots was released during decomposi-
tion, declining significantly in the early stage (80% in the
first 180 days), and more slowly thereafter (Fig. 3). The
change in K content of fine roots of black locust was similar,
but slower, to that in poplar, and it declined more markedly
under poplar stand than under its own. The release rate of
mixture was faster than black locust but slower than poplar.

Fig. 4 showed that in the early part of the 60-day period,
Ca content in poplar fine roots declined and then increased.
The initial decline was probably the result of eluviation.
Ca content in fine roots of black locust increased during
decomposition, and the speed under its own stand was faster
than that under poplar stand. Ca content in mixture also
increased, but was slower than that of poplar and black
locust.

Mg content increased in the fine roots of poplar, black
locust and their mixture during decomposition (Fig. 5). The
rate of poplar fine roots speeded up after 180 days, when it
was decomposed under its own stand; the rate of black
locust was steadily maintained during the whole process,
whereas the rate of mixture fell between them.
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Fig. 5 Change in Mg concentration in the decomposition of fine
roots
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Table 2 Weight loss rate of

- o Root type Decomposition condition N P K Ca Mg

elements during decomposition
of fine roots/ % Poplar Under poplar stand 23.4 51.8 92.5 9.1 19.9
Poplar Under black locust stand 243 62.5 94.0 18.8 322
Black locust Under poplar stand 67.9 64.5 923 33.7 43.6
Black locust Under black locust stand 74.8 70.0 93.8 30.3 46.0
Mixture Under mixed stand 77.4 66.3 94.3 31.5 33.7

4.1.2 Nutrient weight loss in the process of fine root
decomposition

The result showed that in the 300-day decomposition period
of single and mixture fine roots, nutrient elements were
released (weight loss rate was more than 0), but the release
rates were different under different conditions (Table 2). In
the process of fine root decomposition, the principle of N
release varied significantly. The weight loss rate of poplar
fine roots was lowest (23%—24%). Under black locust stand
and its own stand it had roughly the same rate. The weight
loss rate of black locust was higher than that of poplar
(68%—75%), and it was higher when decomposed under its
own stand than under poplar stand. The highest rate was that
of their mixture (77%). The main reason for these differ-
ences may be because black locust was a nitrogen-fixing
species with high N content and low C/N in its fine roots,
and so its decomposition rate was faster and the N weight
loss rate was higher compared to poplar. The N weight loss
rate of mixture fine roots was higher than that of single fine
roots of black locust, showing that the high N condition in
fine roots of black locust improved the nutrient release pro-
cess, and there was a mutually beneficial function between
the two tree species when their fine roots decomposed.
The P release condition was similar to N during the
process of decomposition, but the balance between single
and mixture fine roots was not as great as the former. The P
weight loss rate of poplar fine roots decomposed under
black locust stand was 62.5%, and that of black locust fine
roots under polar stand was 64.5%—70%. The rate of mix-
ture was higher than that of poplar and lower than that of
black locust. It indicated that by mixing with fine roots of
black locust the P release rate improved and this benefited
the P condition of black locust in mixed plantation. More-
over, by improving the P condition of black locust, the nitro-
gen-fixing ability of the mixed plantation could be enhanced.
In other words, a harmonious relationship of N and P between
black locust and poplar in mixed plantation was established.
Among all tested elements, the weight loss rate of K was
the highest, whether it was decomposed alone or in mixture.

It was more than 90% in five decomposition types and there
was no significant difference. The reason may be that K
existed in plants mainly in the form of ion, and it was prone
to be eluviated by rain and ground water.

The weight loss rates of Ca and Mg of poplar fine roots
were lower than those of black locust, and those of the
mixture were higher than those of poplar and lower than
those of black locust. The weight loss rate of Mg was higher
than that of Ca, but both were lower than that of N, P and K.
The possible reason may be that Ca and Mg exist in plants
mainly in the form of phosphate or sulphate, which was
prone to be fixed and difficult to eluviate by rain or un-
derground water. However, the weight loss rates of Ca and
Mg of poplar fine roots decomposed under black locust was
1 time higher than under its own stand. This demonstrated
that the release and return process of Ca and Mg in fine roots
of poplar was improved by black locust.

4.2 Nutrient return in different plantations

Up to date, there remains a shortage of research on fine root
turnover in forest ecosystems, and studies on fine root de-
composition and nutrient return are few in China [11]. In
this study, the amount of nutrient return of dead fine roots in
different plantations was calculated (Table 3).

The result showed that the annual N return amount of dead
fine roots was in the following order: pure black locust >
mixed plantation > pure poplar plantation. The annual N
return amount of dead fine roots in pure black locust plan-
tation and mixed plantation was 18.4 and 17.2 times that of
pure poplar plantation, respectively. It indicated that the
amount of N return in poplar plantation could be significantly
improved by mixing it with black locust, and that it benefited
from the growth of poplar.

The annual P return amount of dead fine roots was in the
order of pure poplar plantation > mixed plantation > pure
black locust, but the difference was not significant. The
amount of annual N return of dead fine roots in pure poplar
plantation and mixed plantation was just 14.3% and 8.1%

Table 3 The element return of

T Decomposition Death amount Residual amount Element return amount
fine root decomposition in pure .
and mixed stands/(kg-hm - circumstance N P K Ca Mg
year )
Pure poplar stand 1486 919 1.336 3.404 5.648 2.648 0.033
Pure black locust stand 1217 739 24.527 2979 5993 —0.579 0.192
Mixed stand 1380 859 22.994 3221 5.696 0.197 —0.085
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higher, respectively, than that of pure black locust planta-
tion. The higher return amount in mixed plantation indicat-
ed that the N return amount of black locust plantation could
be improved by mixing it with poplar, and that mixing
poplar with black locust benefited the growth and nitrogen-
fixing property of black locust. Good P condition could
increase the N-fixing ability of black locust.

The principle of K return was similar to that of N, but the
difference was not so significant as the latter. The Ca return
amount in poplar plantation was highest, and 23.4 times that
in the mixed plantation. In contrast, the Ca return amount in
pure black locust plantation was negative. The dead fine
roots did not return any Ca into the soil, but accumulated it
from the soil. The reason remains unclear. The return
amount of Mg in black locust plantation was 5.8 times of
that in poplar plantation. The return amount of Mg in the
mixed plantation was negative, indicating that during de-
composition of dead fine roots in mixed plantation, Mg was
accumulated into the decomposed dead fine roots. The
reason for this needs to be investigated further.

The results mentioned above showed that different nutri-
ent elements held different change principles in the process
of decomposition. N, P and K were released from dead fine
roots into the soil, whereas Ca and Mg were processed
contrarily in pure black locust and mixed plantations. Dif-
ferent plantations showed different rules on nutrient return
amount. The annual return amounts of N, K and Mg in
mixed plantation were higher than those in poplar planta-
tion and lower than those in black locust plantation, and the
yearly return amounts of P and Ca in mixed plantation were
higher than those in black locust plantation and lower than
those in poplar plantation. Generally, the N return amount of
mixed plantation was higher than that of pure poplar
plantation, and the P return amount of mixed plantation was
higher than that of pure black locust. In the view of fine root
turnover and nutrient return amount, the N and P conditions
in mixed plantation was significantly better than those in
pure poplar and pure black locust plantations, respectively,
which has great significance for the harmony mechanism of
N and P relationship between the two tree species.

5 Conclusions

Fine root is an important part of underground “litters” of
forest ecosystems. Its nutrient content is higher and its
decomposition rate is faster than that of aboveground leaf
litters. Thus more emphasis should be paid to it when we
study the accumulation, decomposition and nutrient return
of litters in forest ecosystems.

At the first stage of decomposition of poplar fine roots,
the contents of N, Ca and Mg increased and those of P and K
declined gradually. In the whole decomposition process of
black locust fine roots, the contents of N, P and K declined
and those of Ca and Mg gradually increased. During de-
composition, the contents of all tested elements of mixture
fine roots fell between those of pure fine roots of the two
species.

The annual return amounts of N, K and Mg followed the
order of pure black locust plantation > mixed plantation >
pure poplar plantation. The increasing return amount of N
in mixed plantation benefited the N condition of poplar.
The annual return amounts of P and Ca followed the order
of pure poplar plantation > mixed plantation > pure black
locust plantation.

Mixed planting of poplar and black locust could improve
the process of turnover, decomposition, nutrient release and
return of poplar. In particular, the increase in P return amount
could stimulate the nitrogen-fixing ability of black locust.
Turnover and decomposition of black locust fine root could
return more N into the soil of mixed plantation than that of
pure poplar plantation. It indicated that by mixing with black
locust, N condition is significantly improved and the growth
of poplar also benefits. Generally, in view of N and P nu-
trients, there existed a harmony relationship between poplar
and black locust in the mixed plantation.
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