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Based on the theory of functional ecology , a new method for distinguishing il types according to its
characterigtic mass (CM) and characterigtic time (CT) was presented. By mathematica modding,
the CM and CT of Soddy-podzodsand Cherro-zem was calculated as the ordersof 133 t- hm™ 2 and 80
yearswith an annud litter-fal mass about 5.5 t- hm™ 2 for Soddy-podzods, and 820 t- hm™ 2, 650
years with an annual litterfal mass 11. 2 t- hm™ ? for the Cherro-zem. Further more, the CM and
CT varied with the change of massinput and decomposed velocity in the il , which areinfluenced by
the externa factors (light , temperature, moisture etc.) and anthropologic factors. We a found

that the lower the horizon was, the longer the CT would be.
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1 Introduction

Nowadays there is a tendency to study the vege-
tation and climate change based on iotopic compos-
tion of organic carbon!® °7 811351 "hit Jittle work
has been done with the CM and CT egtimation by us
ing mass balance of ils®!. The genetic horizons are
consdered as a* capacity” , in which the storage of
matter is determined by the difference between mat-
ters input and output. In thispaper, the input mat-
ter is mainly conddered as litter-fall , which includes
above-ground litter , root detritus and the dead parts
of theorganisms. These components distribute among

the sil profile horizons: A0, A1, AB, B, BC, C.
The difference between the input and out matter
shows the dynamics of the CM , which changed with
the decompostion rate. If the decomposed rate is
faster than the accumulated rate , then the accumulat-
ed matter in the il will become lessand less. In the
end, the matter presented at the beginning will be
completely replaced, this time intervd is caled the
CT of the il horizons. The maximum time of all
horizonsisthe CT of the whole profile. The mass ex-

* (KZCX2-407)
(39928007) | (2000 )
CERN
12002 - 04- 28 12002 - 11- 02

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



98

22 4

isted in the il profile is caled the CM. Different
kindsof «ils have different CM and CT ,which pro-
vided a new method to distinguish the il types.

The employed supporting theory in this paper is
functiond ecology , which is based on the metabolism
of an ecosystem or ecosystem cyclel! 2 The e
cosysem cycle unites the autotrophic and het-
erotrophic, living and dead organisms as a whole.
This concept can be expressed by Figure 1!*!. Here
FAR isthe photosynthes s active radiation. T istemr
perature. The syntheds of plants mainly depends on
three factors: light , temperature and moisture. Most
photosynthed s production enters the il directly and
only a small part of massesflows through the trophic
chain (primary producers herbivores carnivores
omnivores detritivores green plants) . There are three
channels for decomposed matters' output from il :
one is the minerad mass which is absorbed by the
plants, another is CO;, volatilizing from the il to the
atmogphere, and then the other is the return of the
ussful matter to organisms, nourishing their descen-
dantsor organs and fabric.
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— synthesis of plants
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decomposition of soil

Fig.1 Ecosystem cycle
2 A survey of research digrict

The UvsNoor badn is Stuated at the border of
Tuva and Mongolia, with alatitude of 48 50 °N and
alongitude of 91 99 °E. It expandsfrom north to
uth 160 km, and 600 kmfrom west to east. On the
north, the basn is surrounded by the eastwestern
Tannuh-Olah ridges and the Sanghilen plateau; On
the south, by Bunai-Nuru and Han- Huhei ridges; On

the west , by Tsagan Shibetu ridge and by the Tur-
gen-Ulah and Kharkhira massfs adoining the Mornr
golian Altai ; On the east , it islimited by the water-
shed with Selger-Muren river basn. The basn has no
drainage. The sdty lake Uvs Nuur with an areaof 80
km x70 km and a depth of 15 m, is dtuated in the
western part. It plays the role of a small interna sea
where water from the whole basin flows down!®!.

The annual mean precipitation is about 150 mm
(250 mm in recent 5 years) . The temperature in av-
erage of ayear isbdow 0 , but in summer isoften
ashigh as30 . With the increase of atitude , it
becomes colder and colder. Above 3500 m, in
TurhenrUlah and Kharkhira massfs lays eterna
Snow .

The peculiarity of UvsNoor basn is that it can
provide dmost al the natura types in the world
deserts, dry and general steppes, forestson mountain
dope and tundra at their peaks. It can be regarded as
a' smdl biogphere” , extending the farmost northern
desert and the farmost suthern tundra.

3 Methodol ogy

3.1 Modd structure

The input matter is the litter-fall which is dis
tributed among il profile horizons: A0, Al, AB,
B, BC and C, and is proportiona to the densty of
roots. There are four channes for matter output ,
which can be expressed by velocities corregpondently ,
Vi1 —the velocity of matter output from horizons to
atmogphere; Vi, —the velocity of matter output into
the phytomass (the increased ash quaity) ; Vis —the
velocity of matter output from horizons to hydro-
ghere (the luble minera matter flows away with
water) ; Vis —the velocity of matter trandtion from a
higher stuated horizon to a lower one. The horizon
number i may be changed according to specific profile
without fundamentad mode changing. The concept
scheme, givenonfigure 2, is described by the follow-

ing equations [?*?!
dmi/ di = Vio+ (Mi.14) *(Vi.14) -
Sum(M; - Vi) (j =1 4) (D

or by finite different equationsfor computer :
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Mit=1 = Mi tea(Vio + (Mi.1+ Vi) -
Sum(M; - Vi) (j =1 4) (2
Where i meansAO,Al1,AB,B,BC,C; j=0,
1,2,3,4;Vipistheinput matter to profile horizons.
M;is the organic matter in il profile. It should be

mentioned that measurement methods to these param-
eters require supplementary experiment.
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(1) Litter-fdl; (2) Sdil; (3) Atmosgphere; (4) Phytomass ; (5) Bed-
ding; (6) Lithogphere;(7) Hydrosphere
Fig.2 Sheme of soil blocks

3.2 Modd oconcept

Based on this structure scheme, a computer
model was set up to imitate the mechanisms of the
il functions. The starting conditions are: supposng
that the organic matter in each horizon equals zero ,
and inputting the value of annual litter-fal mass aso-
riginal data. Based on the dataof thefieldinvedtiation

twice(In Soring and Autumn) every year ,the amount
of litter-fal was determined at different time in a
year. The difference rate of the litter-fall ,influenced
mainly by climate conditions,is 1 divided by the rea
tively renewa time ,which is the value of the amount
of annual litter-fal divided by the existing amount of
litter-fall when supposng that the ecosystem isadways
in steady sate. It is much dower in the cold and dry
places than those with hot and humid climate for the
decomposdtion rate ,accounting for about 1/ 10 to 1/ 60
per year in the forest area at frigid and temperate

zonel 13161

For each horizon ,thereisaveocity of in-
put matter (litter-fall) and a decomposng velocity ev-
ery year. The difference between them is the storage
matter in the il. When the vaue of original input
matter reaches the minimun ( < =0.1) , the organic
matter in the il has been completdy renewed. Till
then, the CM and CT can be determined by its total
mass and total time. The theoretical scheme for the
formation and matter cycling of the organic profile
during decompostion processes of litter-fal mass is
shown in table 1. we take three treatments of the
same type of il to understand the dynamic process of
the renewa organic massesin the il profiles.
Treatment 1:we take 4 unitsasthe annud litter-
fal , entering the il , and the decompostion velocity
is50 %. Every year the origina organic matter (4 u-
nits) is decomposed by haves (here we take the
round values) and 4 unitsof new mass enter into the
il. In thisway , we get atota vaue of accumulated
organic matter in the sil. When the origina organic
matter isonly 0.1 or less than 0. 1, we suppose that
the origind matter has been completely decomposed
and there will be a new dmilar cycle. At this mo-
ment , the tota massisthe CM and the time which it
takesis the CT for this type of s0il. Here for treat-
ment 1, the CM is 8.1, and the CT is 7 years. It
means that for thistypeof il , it will take 7 yearsto
renew itsorganic mass when the annua litter-fall are
4 units and its decomposdtion velocity is 50 %.
Treatment 2:the amount of input mass (litter-
fall) ischanged to half of thefirst treatment but with
the same decompostion velocity. Another CM and

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



100

22

CT for the same type of il can be obtained:4. 1 and
6 years regectively. Treatment 3: the eed of veloc
ity is changed to two times of the first variation but

the amount of theinput mass (litter-fal) remains star
ble for the same type of il. ItsCM and CT are 5.4
and 4 years, regectively.

Tab.1 Theoretical schemefor the formation and matter renewal of the organic profile during decomposition processes of litter-fall mass

Year of depost and exposure of the litter-fal mass

Fraction
number 1s 2nd 3rd 4th 5th 6th 7th n+1 n+2 n+3 n+4 n+5 n+6 n+7
Treatment 1
1 4.0 4.0 .0 4.0 4.0 4.0 4.0 4.0
2 2.0 .0 2.0 2.0 2.0 2.0 2.0
3 .0 1.0 1.0 1.0 1.0 1.0 1.0
4 0.5 0.5 0.5 0.5 0.5 0.5 0.5
5 0.3 0.3 0.3 0.3 0.3 0.3 0.3
6 0.2 0.2 0.2 0.2 0.2 0.2 0.2
7 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Tod 4.0 6.0 7.0 7.5 7.8 8.0 8.1 8.1 2.1 1.1 0.6 0.3 0.1
Treatment 2
1 2.0 2.0 .0 2.0 .0 2.0 .0 2.0
2 1.0 .0 1.0 .0 1.0 .0 1.0 1.0
3 .5 0.5 .5 0.5 .5 0.5 .5 0.5
4
5 0.3 0. 0.3 0.3 0.3 0.3 0.3 0.3
6 0. 0.2 0.2 0.2 0.2 0.2 0.2 0.2

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Tota 2.0 3.0 3.5 3.8 4.0 4.1 4.1 4.1 2.1 1.1 0.6 0.3 0.1
Treatment 3
1 4.0 4.0 .0 4.0 4.0 4.0 4.0 4.0
2 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
3 .3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Totd 4.0 5.0 5.3 5.4 5.4 5.4 5.4 5.4 1.4 0.4 0.1

cadculated. The calculation ends only when the CM

4  Results

Based on thisconcept , the CM and CT of Soddy-
podzods and Cherro-zem were calculated with mathe-
matical modding. The data wasfrom the fidd inves
tigations (in Soring and in Autumn) to the grass
land, where 1m * 1m plots (10 plots) were randomly
slected to esimate the biomass (including the living
parts and litter-fal) of the grasses by harvest in Uvs
Noor basn in 1992!**1, By mathematic modeling
which was mentioned above, a computer program
was desgned to smulate the accumulation of CM and
CT acoording to formula (1) and (2). The starting
conditions are: supposng that the organic substance
in each horizons equals zero , and then inputting the
vdue of annua litter-fal as origina data. With the
help of computer, the velocities were slected. By
thisway , the accumulated organic matter in il hori-
zons (CM) and accumulated time (CT) (years) were

accountsfor the present quantity of organic matter in
corresponding il horizons, then the next horizon.
By dmulation, the CM of Sbddy-podzods il , being
equa to 133 t- hm™ 2 with an annua litter-fall mass
about 5.5 t-hm™ 2, iscompletely renewed during the
time interval of 80 years, whichisthe CT. The CM
of Cherro-zem, being equa to 820 t- hm™ 2 with an

2 is renewed dur-

annud litter-fdl mass 11.2 t- hm~
ing 650 years. The CM and corregponding CT inter-

nalsof genetic horizons are given in Table 2.
Tab.2 CM and CT internals of genetic horizons

Sil A0 Al AB B BC
Sum

M T M T M T M T M T
Sddy- Podzods 30 20 52 60 23 80 16 80 12 80 133
Cherro-Zem 10 4 160 80 200 120 300 620 150 650 820

Thistable has given alist of CM and CT of each
genetic horizons for given profiles. For example, as
for Soddy-podzod il , the CM and CT of A0 are 30 t
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-hm™? and 20 years, AB, 23 t- hm™ 2 and 60 years
sparately. Asfor Cherro-zem, it takesonly 4 years
for horizon AO with CM 10 t- hm™ ? to renew its mat-
ter completely , while for its lower horizons, it will
take 80, 120, 220, 650 years individudly. Among
these values, only the maximum time interval and the
maximum CM of the whole profile are the CT and
CM for the given profile.

5 Conclusion

The new method provides an attractive gpproach
for estimating il types by their CM and CT. Differ-
ent typesof il have different CM and CT, and the
CT changes with the il depth. The lower horizon
is, thelonger CT it will be. It isa suggested that
the il ecosystem isan open system with an equilibri-
um dynamics, dfected by <il-formation conditions
and factors, which may cause the changes of trans-
tion velocities and annua organic matter in il pro-
files.

However, the model concept was based on an
ideal condition, and took the il as a sationary
regime, resulting from the inner successon of ils,
which has not conddered the influence of the outer
factorson the il. It should be further developed.
But it can throw ome light on the classfication of il
typesfrom a new agpect. The mode can be adopted
widely if the parameters representing the outer envi-
ronmenta factors were put into the model.
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