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Abstract: The experiment was carried out in L. chinensis grassland of northeast China. It simulated main
quantity characteristics of yield ecology, such as biomass dynamics, vertical spatial pattern of biomass as
well as their relationships with environmental factors, also it studied internal relativity. The results
showed that the rule of aboveground biomass growth of the grassland appeared as “single peak” type in
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growing season. The maximum aboveground biomass was 197.3 g * m™ * which occured on Aug. 5, then
the biomass declined. It conformed to Logistic model Ba=#4(1+¢“"") before the peak. Further analysis on
related characteristic values of the model gave us a very important information parameter of yield ecology .

the effective management period that should be from the 73th day to the 119th day after the grassland re-
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turnes green. During growing season, aboveground biomass dynamics had strikingly positive correlation
with both average temperature of the former month (R=0.8287) and accumulated rainfall (R=0.8932).
This was the important parameter to carry on scientific management of water and fertilizer. Maximum ab-
solute growth rate of aboveground biomass occured during June 20 and July 5, its average was 3. 3533 g *
m % +d ' DM (dry matter), and maximum relative growth rate (0.0662 g * g ' *+d ' DM) occured during
May 20 and June 5. Both absolute growth rate (AGR) and relative growth rate (RGR) appeared negative
increase in late stage of growing season. It suggested that the highest efficiency of aboveground biomass be
in early stage of growing season. The vertical spatial pattern of the aboveground biomass decreased as pos-
itive exponential function with height increasing, the model was: Bn=ax". The yield of the plants under
40cm height made up 93% of the total yield. This provided a basis for choosing different animal to use and
mowing use. Different population of the grassland played a different role in yield formation, and positive
effect of L. chinensis was the biggest . For this reason, features of height, cover-degree and density of edi-
ficato-L. chinensis were used as index to set up nondestructive model of yield prediction. It was a simple,
accurate predictive method, the model was Ba= —169. 7343+ 0. 8368H +0. 8631D 3. 6231C. The verti-
cal spatial pattern of underground biomass decreased as negative exponential function with depth increas-
ing, the model was: B,=a(D-+10) ". The variation of underground biomass was not marked. but more
or less increased in late autumn. Underground biomass of the grassland plants above 30cm depth made up
77% ~82% of the total underground biomass. According to such yield ecology parameter, when ecological
improvement on root system problems was considered . the depth of 0~20 ¢m would give good effect. The
significance of the study was to obtain relative important information parameters of yield ecology in L. chi-
nensis grassland and to provide scientific basis for establishing the best management scheme and utilizing
grassland rationally.

Key words: L. chinensis grassland ; biomass ; vertical spatial pattern of biomass;model;yield ecology ;infor-
mation parameter application
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In 1970s, “man and the biosphere” (MAB) plan in essence was various studies taking yield ecology as
center. Under such background, with the rapid development of modern yield ecology, various studies tak-
ing grassland herbage yield resources as center have been paid much attention by scholars over the world.
Therefore, further studies on grassland herbage yield , reasonable utilization of grassland resources and
protection of ecological environment have become important fields for scientists in grassland ecology! .
After entering into 1980s, with national and some provincial grassland resources investigations , large sci-
entific data on yield resources had been obtained, and some papers about grassland yield ecology had been
published in China'*"!*'. However, on the whole, from the viewpoint of taking grassland ecological system
as a whole, study on yield ecology of Chinese grassland, especially comprehensive, deep and qualitative
simulated study on yield ecology of various types of grassland was not thorough in the field, and further
information parameters carried on effective management of different grassland were hardly recognized''”.
This paper simulated vertical spatial pattern of biomass and established nondestructive model by probing
into information parameter of internal yield ecology. There was no reference report on this study. With re-
gard to studies on process of life and ecology, most scholars only paid attention to several studied con-
14]

tents, such as some studies stressed on aboveground biomass of grassland"?7'*J, some studies stressed on

[3.15.16

vertical spatial pattern of aboveground biomass 1, some paid much attention to quantity characteristics

[10,17]

of main populations and community , some only stressed on vertical spatial pattern of underground
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biomass"*?", and also some scholars paid much attention to relationships of ecological fators and

yield2 28],

L. chinensis grassland is lush growing grassland which has L. chinensis as edificato. Its grass quality is
high nutritive and has good palatability. and it is one of the grasslands with high yield in temperate zone
over the world. It may be said that it is the most valuable natural property in the grassland resources of
the world. Among which there is a half in China™’. In 1950s~1960s, some scholars had studied yield dy-
namics of L. chinensis grassland in northeast China. But on the whole, these studies were in simple qualita-
tive analysis level, and without scientific simulated process and quantitative analysis. So they had their his-
torical limitations on grassland ecological system management and rational utilization under modern science
and technology. Entering into 1980s~1990s. some scholars began to further study yield dynamics of L.
chinensis grassland, and some simulated models on dynamics during growing season appeared. Though
these studies made certain progress on the basis of former studies, they didn’t make thorough study on
simulation of grassland yield ecology quantity characteristics such as biomass and vertical spatial pattern,
their internal relativity, and establishment, management and utilization of internal information parame-
ters. By studying L. chinensis grassland yield ecology and information parameter application, the goal is to
carry on scientific management of water and fertilizer on the grassland ecological system, to establish supe-
rior management programme and to provide a scientific basis for sustainablly utilizing grassland. Mean-
while, there is an important meaning for directing study and application of grassland yield ecology in Chi-
na 3%

1 General situation of sample plot and studied methods

1.1 Sample plot

1.1.1 General weather situation  The sample plot is set up in typical region of L. chinensis grassland in
Songnen plain of northeast China. It is situated 125°7" east longitude and 45°35" northlatitude. It belongs
to monsoon climate of temperate zone, controlled by the Mongolia high pressure, cold and dry in winter,
and controlled by the Pacific high pressure, warm and humid in summer. In the hottest month-July, the
average temperature is 22. 7 C, its maximum is 38. 1 C. In the coldest month (January), the average tem-
perature is —19.4 C, its minimum is —28. 9 C. Annual average temperature is 3. 8 C and annual average
accumulated temperature which is larger than 10 C is about 2800 C. The frost-free period is about 130~
156 days. Average sunshine time is 2787.5 hours a year, and annual average precipitation is 490 mm,
mainly concentrated in June to September, which makes up 80% of the total precipitation a year. In win-
ter. the precipitation is the lowest between November and March, which makes up 3. 7% of the total an-
nual precipitation. Therefore, water and heat in same pace will benefit growth and development of grass-
land herbage. The annual average evaporation capacity is 1599. 8 mm., 3. 3 times annual average precipita-
tion in the region. Topography of the region is flatlands with alkaline meadow soil and 0.1% salinity.
There is no caliche in the soil.

1. 1. 2 General situation of vegetation Vegetation type of the grassland is meadow steppe with L . chi-
nensis formation, L. chinensis + mesophytic hetrbs association and edificato-L. chinensis occupies absolute-
ly a dominant position. The grassland vegetation is divided into two layers for adaption to the environment
. The first layer is high and lush herbage, L. chinensis is in this layer, and its main dominant species are:
Festuca che lungkiangnica, Cleistogenes squarrosas Calamagrostis epiqeios and Arundinella hirta; and its
main companions have Vicia amoena, Lathyrus quinquenervius, Clematis hexapetala, Sophora flavescens,
Vicia multicaulis. The second layer is low and lush herbage, its main dominant species are: Potentilla

flagellaris; and its main companions have Taraxacum sinicum, Ixeris chinensis, Anemarrhena asphode-
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loides and so on. In addition, seasonal evolution of each companion in the community is very complicated.
Populations which grow luxuriantly in early spring have Oxytropis myriophylla . Viola dissecta, Viola prio-
nantha, Senecio integrifolitus, Iris ventricosa, Leibnitzia anandria etc. In midsummer, Astragalus dani-
cuss Polygonum divaricatum and Allium polyrrhizum grow luxuriantly. In the fall, populations Sanguisor-
ba officinalis, Artemisia subulata and Artemisia laciniata grow luxuriantly.

1.2 Studied methods

1. 2.1 Quadrat arrangement The sample plot was chosen in typical region with identical community
composition, grass group structure and habitat condition. Its area is 100X 100 m*. The experiment adopt-
ed objective sampling according to biological statistics that was the quadrat was random arranged in order
to increase the accuracy of determination™'#*,

1. 2.2 Index determination From the 40th day (April 10) of turning green that was May 20 to Septem-
ber 20, sampling observation was conducted 9 times at an interval of half a month. The quadrat with area
of 1 X1 m* was repeated 6 times, sampling with harvest method. Grass samples mowed were put into plas-
tic sack at once, then into special cloth bag. The samples were taken back laboratory. L. chinensis was di-
vided from other mesophytic herbs, and their fresh weights were weighed. The samples weighed were put
into cloth bag to dry in the shade. After about half a month, when their weights were constant, dry
weights were weighed and assumed as aboveground biomass. The determination of vertical spatial pattern
of grassland aboveground biomass and seasonal dynamics was carried out by layer mowing. From June 22
to Sep. 19, the determination was conducted once every half a month, 7 times altogether. The standard
quadrat of 1 m* was chosen and repeated 2 times. In laboratory, the grass sample was cut into sections of
every 10 cm from bottom to top, then leaf, stem, flower and ear of each section were separated, and their
weights were weighed, air-dried to constant weight, in order to obtain the distribution of quantity and
height of grass different organs in time and space. Seasonal dynamics determination of height, cover-de-
gree and density was carried out at the same time with aboveground biomass determination, which was re-
peated 6 times with 1 X 1m?® quadrat. The average height of high plants, middle-high plants and low plants
of each population in quadrat of height determination was assumed as the plant height of the population de-
termined. Cover-degree determination was gone on by the method of rope-drawing check. Density determi-
nation was conducted by the method of quadrat count. Vertical spatial pattern of underground biomass was
determined twice in summer (Aug. 16) and the end of autumn (Oct. 16). Underground soil sample of the
grassland was taken with quadrat of 25X 25 cm? area. Every 10 cm was a layer, 10 layers all, total depth
was 1 m. The two determinations were repeated 19 and 20 times respectively. Lastly, the roots were di-
vided into live roots and dead roots, air-dried to constant weight, then weighed respectively. In this
study, rootstock of L. chinensis was included in underground biomass because rootstock situation of L. chi-
nensis population is a main index of its reproductive ecology, it is also to be considered concerning ecologi-
cal improvement of soil. The water content of the soil was determined by three layers., every layer was 10
cm, repeated 3 times, and at the same time with the determination of aboveground biomass. Moreover,
the temperature and precipitation were monitored every day.

1.2.3 Information parameter analysis and aim  Logistic model is one of basic key models in the field of
modern mathematical ecology. It and its developed model have enough ecological information parameters.
By probing into its characteristics, the aim is to get very important information parameters of yield ecology
such as effective management period of grassland. There is no comparision between it and other models
only simulating life and ecology process. This is the reason that the study used the model. The aim of sim-

ulating vertical spatial pattern of biomass is to provide precise scientific basis for choosing different animals
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to use, mowing to use and formulating ecological improvement programme of grassland soil. Because sea-
sonal dynamics of biomass growth is limited by environmental factors such as water and temperature, it al-
so is limited by internal ecological factors, relative model of biomass and water, temperature factors is set
up by analysing the relativity of them, and nondestructive model of biomass is set up by studying internal
information parameters of community quantity characteristics. The aim is to make yield ecology informa-
tion parameters more scientific, accurate and applied widely.
2 Results and analyses
2.1 Dynamics simulation of aboveground biomass and information parameter analysis in growing season
The determined results of aboveground biomass dynamics in growing season were showed in Table 1.
From the beginning of total biomass with zero in early spring (about April 10), with the progress of bear-
ing period, biomass increased gradually. The biomass of L. chinensis population reached maximum around
Aug. 20, which was 106.1 g * m *(dry weight). The total biomass of mesophytic herbs and community all
reached maximum about Aug. 5, which were 112.6 g * m *and 197.3 g * m *(dry weight) respectively.
Near the maximum, community biomass varied a little, appeared a relatively stable period, then as the
coming of autumn, plants waned gradually, withered increasingly. So the dynamic change of biomass ap-
peared as dropping tendency. Seen from references, during growing season, aboveground biomass of many
kinds of grassland in north China grew as “S” curve, which conformed to logistic model. In view of this
growth feature of biomass,though one unit cubic or the fourth order regressive equation can be used to
simulate this growth process,getting high correlative coefficient,they ignored important turn information
of yield ecology.loosing important turn information parameter of yield ecology. According to this situation,
logistic model is with much superiority,being able to meet the aim and demand of the study.

Table 1 Seasonal dynamics of L. chinensis, mesophytic herbs and community biomass (g « m™?)

Date May 20 June 5 June 20 July 5 July 20 Aug. 5 Aug. 20 Sep. 5 Sep. 20

L. chinensis Fresh weight 6.9 32.2 58.8 108.8 148.1 168.8 206.8  169.5 135.2
Dry weight 3.5 13.5 25.2 43.2 71.0 84.7 106.1 96. 0 81.2

Mesophytic herbs Fresh weight 9.9 42.0 137.2 198. 6 251685l 282.9 209. 8 175.8 136. 1
Dry weight 6.1 14.2 40. 1 72.4 94. 0 112. 6 74.7 77.2 64.8

Community Fresh weight 16.8 74.2  196.0 307.4  404.2  451.7  416.6  345.3 271.3
Dry weight 9.6 27.7 65.3 115.6  165.0 197.3 180.8 173.2 147.3

This model contains enough information parameters of yield ecology. These parameters has very im-
portant applied value. In the study, aboveground biomass dynamics of L. chinensis population, mesophytic
herbs and community conformed to logistic model Ba=K/(1-+¢“""), the fitted coefficients all reached ex-
tremely striking standard (refered to Table 2). Logistic model contained much information on ecological
features of community. These information parameters can be obtained by special operation with the model.
Using these information parameters, the growth features of community biomass can be explained well, and
can be quantized. The second derivatives of biomass (B) and sampling time (z) were computed and as-
sumed as zero so as to find the solution of the turn of logistic model’s curve with “S” shape (a/r, £/2).
But twx=a/r is the growth days needed by AGR of community biomass when it reached maximum. When
¢t is greater than 0 and less than a/r, the curve is concave-up, and when ¢ is greater than a/r and less than
+ oo, the curve is convex-up. The third derivatives of biomass (B) and sampling time (¢) continued to be
computed and assumed as zero so as to find the solution of two time turns of community biomass logistic

curve. Between ¢, and ¢,, community biomass increased as straight line, among which 7, = [a — In(2 —

vV 3)l/ret,=[a—In2+ V 3)]/r. GT =rK/4+ (,—t,) = AGR,,, + AT was named as characteristic
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value of colony growth. D = [a@ — In(K/RB,, — 1)]/r is theoretical growth days needed by community
biomass reaching maximum (B,, is the maximum real determined value of biomass).

By computing information parameters of Logistic model, we can obtain (Table 2): it took 85 days af-
ter turning green (April 10) to make AGR ... of community biomass to reach maximum, it was 11 days and
8 days respectively shorter than that needed by L. chinensis population and mesophytic herbs biomass. At
this time, on “s” curve, the turn’s coordinates of L. chinensis, mesophytic herbs and total biomass were
(96 days, 59.61g * m ), (93 days, 74.62g * m *) and (85 days, 112.30g *« m ?) respectively. The
turn’s coordinate was as limit, when t was between 0 and turn, the curve was concave-up, and when t was
between turn and maximum, the curve was convex-up. D ([a — In(K/RB, ~')]/r) was theoretical growth
days needed by community biomass reaching maximum. In L. chinensis + mesophytic herbs grassland, it
took 133 days to make L. chinensis population biomass reach maximum, longer than that needed by meso-
phytic herbs and community biomass (112 and 114 days). The curve’s peak of L. chinensis population
biomass would appear theoretically about 20 days later than that of mesophytic herbs and community
biomass. GT (AGR,... » AT) is the characteristic value of colony growth, which of L. chinensis population
made up 76. 12% of total increase of L. chinensis population biomass in observed period, that of mesophytic
herbs made up 92. 30% of total increase of mesophytic herbs biomass in observed period, and GT of com-
munity made up 78.53%. In the parameters calculated, ¢,, ¢, represented the two turn of time on logistic
curve of community biomass increase. Between ¢, and #,, plant biomass of grassland increased as straight
line, so in practical work, sampling between ¢, and #, can be prolonged, it is not necessary to determine
frequently. It is good to lower experimental cost, to raise efficiency. Besides, if the grassland was to be
enforced management measures such as irrigation. fertilization. it would be best go on between ¢, and ¢, in
order to raise reward of grassland’s putting into, lower cost, reach the effect of getting twice the result
with half the effort. But before ¢, and after ¢,, the increase of grassland plant biomass was slow. AT (z,—
t,) represented continued time of the community in lush growth period. A new concept can be introduced
by try, which is named as “effective management period” for AT. In addition , to manage L. chinensis +
mesophytic herbs grassland must follow a principle which is to make L. chinensis population develop well
and luxuriantly. but to control mesophytic herbs which has negative effect to grow too luxuriantly. be-
cause mesophytic herbs’ lush development must weaken L. chinensis population’s good development. So to
give L. chinensis + mesophytic herbs grassland management measure such as irrigation, fertilization etc.
should take L. chinensis population’s “effective management period” as the standard, that was during the
73th day after turning green (April 10) and the 119th day. If want to enhance grass quality, moreover to
prevent and kill off weeds, it is necessary to take mesophytic herbs’ “effective management period” as the
standard, that was during the 70th day after turning green (April 20) and the 116th day, the management
measure was the most effective and economic.

Table 2 Information parameters in Logistic model of aboveground biomass

Content K a r R? F AGRmax  GT 1 ty AT twmax D

L. chinensis 119. 2149 5.4887 0.0570 0.9923**  257.7403 1.6988 78.1 73 119 46 96 133
Mesophytic herbs 149. 2320 5.3022 0.0573 0.9748* * 58. 0238 2.1377 98.3 70 116 36 93 112
Community 224.6038 5.6988 0.0673 0.9987** 1152.3460 3.7790 147.4 65 104 39 8 114

2.2 Analysis of aboveground biomass increase rule and information parameters
The speed of biomass increase and decrease has clear difference in different stages of growing season.
In order to analyse the variable law of biomass, absolute growth rate (AGR) and relative growth rate

(RGR) of biomass are adopted to describe the variation.
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Absolute growth rate is the variable rate of aboveground biomass to time, its differential formula is
AGR=dpg/ dt. B stands for biomass, ¢ represents time. In the formula, AGR is absolute growth rate of
aboveground biomass, dB is differential of abroveground biomass; dz is differential of time. To determine
the instantaneous growth rate of aboveground biomass is very difficult without tested equipment sampling
of nondestruction. In practical work, it is easy to calculate the average absolute growth rate during time ¢,
to ti+1» named as AGR. The more the times of sampling, the shorter the interval of time, and AGR—AGR

(instantaneous).

B,+1 - Bi
Liyy — L

AGR(t;y, — t;) =

B, and B; were the biomass at time ¢, and ¢ respectively. The biomass values (B) determined in
each period of growing season and sampling time (¢) were put into the formula above one by one, absolute
growth rate of total biomass of L. chinensis population, mesophytic herbs and community can be calculated
(Table 3). From this we can see that in early spring, because of low temperature, dry climate and young
photosynthetic organs of plants, AGR value was very low; then along with temperature went up and pre-
cipitation increased, photosynthetic organs develop day by day, AGR value rose quickly. The total law was
that before growing season biomass increased fast, reached maximum at flower period, then continously
decreased.

Of course, AGR only reflected the rate of biomass increase or decrease per time per area. It couldn’t
represent growth efficiency of which plant is high. For example, one plant 1g L. chinensis seedling and one
plant 10g mature individual, if they gained 1g weight at same period, their AGR values were the same, be-
cause AGR was only related to AB and Az, irrelevant with the weight of plant itself. In fact, there was a
large difference between the two individuals’ productive efficiency. the former was 9 times much larger
than the latter. In order to reflect plant’s productive efficiency, the concept of relative growth rate was in-
troduced to reveal seasonal dynamics of organic matter’s productive efficiency in L. chinensis + mesophytic
herbs grassland. The so-called relative growth rate (RGR) of biomass was organic matter’s growth rate
per plant in per growing time. According to the law of plant growth and development, relative growth rate
of biomass was a instantaneous value variable as growing time. It can be expressed into diffenential form .
RGR = 1/B +« dB/dt. Bis biomass; dB/dt is variable rate of biomass to time.

Under similar circumstances, limited by sampling conditions. it can be inverted into average form :

_ InB;y, — InB;

RGR(t;y — t;) P
i+1 i

B,t are the same as above.

From Table 3, biomass’ relative growth rate (RGR) of L. chinensis population, mesophytic herbs and
community were large in early stage of observation. During the period. leaves were relatively large, pho-
tosynthesis was vigorous, organic matter accumulated was much, but consumption was relatively little.
After that, RGR value droped as wave, till the second and the last ten days of August, it appeared nega-
tive values. This showed that relative growth rate of aboveground biomass of grassland had restrictive re-
lationship with ripe degree of plants and consuming degree of reproductive growth on photosynthetic prod-
uct. Entering reproductive period from nutritive period, owing to reproductive growth needed to consume
a great deal of nutrient, plants were short of nutrient to grow, so as to make relative growth rate of

biomass drop.
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Table 3 AGR(g+m ?+d ') and RGR(g - g~ ' - d~!) dynamics of aboveground biomass
May 20 June 5 June 20 July5~  July20~  Aug.5~ Aug.20~ Sep.5~
Date ~June5 ~June 20 ~July 5 July20 Aug. 5 Aug. 20 Sep. 5 Sep. 20
L. chinensis AGR 0. 6250 0. 7800 1.2000 1. 8533 0. 8563 1.4267 —0.6313 —0.9867
RGR 0. 0844 0.0416 0.0359 0. 0331 0. 1856 0. 0150 —0.0063 —0.0112
Mesophytic herbs AGR 0. 5063 1.7267 2.1533 1. 4400 1.1625 —2.5267 0.1563 —0. 8267
RGR 0.0528 0.0692 0.0393 0.0174 0.0113 —0.0274 —0.0021 —0.0117
Community AGR 1.1313 2.5067 3.3533 3.2933 2.0188 —1.1000 —0.4750 —1.7400
RGR 0. 0662 0.0572 0.0381 0.0237 0. 0055 —0.0058 —0.0027 —0.0108

2.3 Dynamics of vertical spatial pattern of aboveground biomass and simulation

From Table 4, the peak stage of aboveground biomass of L. chinensis + mesophytic herbs grassland
appeared in August with herbage height 70~80cm. The administrative structure of yield in each stage of
observation basically arranged as “pyramid” type. The yield at the bottom was the highest, in 0~10cm,
the early two results made up about 57. 9% and 44. 6% of total yield, middle three results about 27. 6%,
31.4% and 35.2%, the last two results about 26.2% and 47.8%. 55% of yield was concentrated below
20cm, 93% below 40cm that was the distribution range of most plants’ leaf layer. In the peak of growing,
if the administrative structure of each population distribution was analysed, we could discover that there
were complete populations below 10cm., most annual plants were in this layer. Mesophytic herbs were
mainly distributed below 40cm. In the peak of growing, by analysing the distribution of herbage’s leaf
yield, stem yield and flower ear yield in each layer, conclusion could be obtained : stem of plant was most
in each layer below 30cm., leaf below 40cm and flower ear mainly above 20cm. The aboveground yield

Table 4 Seasonal dynamics of aboveground biomass vertical spatial pattern of the grassland community (g * m™?)

Layer June 22 July 5 July 20 Aug. 4 Aug. 19 Sep. 4 Sep. 19
(em) L eaf Stem Flower Leal Stem Flower Leaf Stem Flower Leaf Stem Flower Leaf Stem Flower Leal Stem Flower Leal  Stem
70~80 1.5

60~70 0.6 0.3 0.2 L33 0.1 0.1

50~60 0.3 0.3 1.9 1.9 0.5 1.7 0.4 0.4 0.3 0.2 0.2

40~50 0.2 0.2 1.4 3.2 1.6 0.8 5.3 1.7 0.7 20 0.5 1.3 2.5 0.2 0.3 0.8

30~40 0.3 0.2 4.5 1.1 0.3 16.0 2.4 0.6 14.7 3.0 0.9 12.6 1.8 0.8 17.4 1.7 0.8 4.7 0.4
20~30 3.9 1.0 0.8 13.9 2.5 0.6 34.2 85 1.2 33.4 5.2 30.7 6.6 0.8 38.0 6.3 18.1 1.2
10~20 16.6 3.9 1.0 29.7 10.1 0.3 40.3 22.1 49.3 15.3 0.5 40.9 16.8 35.5 13.7 45.2 7.8
0~10 22.5 16.0 0.2 25.3 26.6 16.5 34.6 29.6 32.8 31.7 32.0 19.5 22.1 51.5 17.9

structure dynamics of community in each stage and administrative structure height complies with regres-

sion model of power function. Among which B, is Table 5 Exponential function model of the

biomass within 0~z cm layer, fitted results showed community structure dynamics

(Table 5) that coefficients of correlation were all

Date Regressive equation R N
more than 0. 91, among which there was striking June 22 By —10. 41258X0- 9378 0.9166" 5
difference among June 22, July 5. Sep. 19, other fit-  July 5 By=21.3510X"- 1292 0.9286" 5
ted results all reached very striking standard. July 20 B3;=14.1342X0-619% 0.9375** 7
2.4 Analysis on information parameter of yield e- Aug. 4 By=22.9909X 525 0.9289"" 8
cology quantity characteristics and establishment of Aug. 19 B;=18. 9537X03%0 0-952477 6

Sep. 4 Bg=10. 4489X"- 6880 0.9399" 7
nondestructive model Sep. 19 Bo=25. 9274.X0- 1720 0.9376** 5




Analysis on linear regression of main population, Table 6 Linear regressive equation of main
community’s quantity characteristics and aboveground population, community’s quantity

biomass in L. chinensis + mesophytic herbs grassland characteristics and aboveground biomass

showed that L. chinensis population’s height, cover-de- Content Linear regressive equation R

gree and density quantity characteristics had positive B=—288.3097+6.1047H  0.8850" "

L. chinensis B=—34.0113+7.2627C 0.9846" *
B=—320.0998+2.0713D 0.9646* *
B=13.3010+15. 3443H 0.5270

linear correlation with aboveground biomass, their co-
efficients reached extremely striking standard (Table

6). This indicated that L. chinensis population had

P. flagellaris B=66.0869-+11.5957C 0.2617
completely positive effect on formation of aboveground B=1312.6797—1.9421D —0.8749" *
biomass. Cover-degree and density of community were B=—3.2521+6.1182H 0.9933* *

d Clustered grass B=126.7707—1.3410C  —0. 0370
B=231.8337—1.8503D —0.8825" "

Community B=—76.0856+3.7707C 0.9431" "
B=—255.8541+0.3391D 0.7188"

also positively related to aboveground biomass. an
reached striking and extremely striking standard. but

the correlativity with biomass was lower than that of

L. chinensis with biomass. The correlativity of other )
n=9, Ry 05=0.666, Ro.o1=0.798, B is aboveground

opulations’ quantity characteristics with aboveground . ) . . .
pop d Y & biomass (g * m™ %), H is height (cm), C is cover-de-

biomass were all low as a whole, moreover, individual gree(Y), D is density (plants or clusters » m~2)
characteristic had negative correlation with biomass.

This showed that these populations not only had

smaller effect than L. chinensis population on formation of aboveground biomass, but also had negative ef-
fect on formation of biomass to a certain degree. Only from density, in the whole growing season, the den-
sity of L. chinensis population had extremely striking positive correlation with biomass (0. 9646), P. flag-
ellaris and clustered grass had negative correlation with biomass (—0.8749, —0.8825). In addition, in
growing season, the ratio of L. chinensis population’s biomass in total biomass tended to increase, showing
that in the community. as the prolong of growth period . superior status of L. chinensis population in-
creased so as to increase its positive effect on formation of biomass, to drop the status of P. flagellaris and
clustered grass in the community, so to decrease the their negative effect on formation of biomass. Clus-
tered grass was dominant species of typical clustered grass grassland (steppe); P. flagellaris was indicated
plant of grassland degeneration. Therefore, in rootstock L. chinensis + mesophytic herbs meadow grass-
land. P. flagellaris and clustered grass were not possible to develop well like L. chinensis population, oth-
erwise it was only said that regressive succession occured in the grassland. Analyses on correlation of
quantity characteristics and yield of main populations, species group and community of L. chinensis -+ mes-
ophytic herbs grassland indicated that in community . the effect of edificato- L. chinensis population on for-
mation of herbage yield was positive. So in nondestructive prediction process of herbage yield of L. chinen-
sis + mesophytic herbs grassland, it is easy to think of having the height (H), cover-degree (C) and den-
sity (D) characteristics of L. chinensis population which was edificato in community of grassland as indexes
to set up nondestructive prediction model of herbage yield of the grassland. The practical result proved this
point too. Fitted coefficient of the model reached extremely striking standard, the result conformed to pre-
cision demand (Table 7). The model was B = — 169. 7743 + 0. 8368H + 0.8631D + 3.6231C (R =
0.9951" ", F=169.0484). Among many predictive models of herbage yield, some related to many envi-
ronmental factors which were difficult to determine and needed high-precision instrument and complicated
analysis. In addition, having total quantity characteristic of the community as index to set up nondestruc-
tive prediction model of herbage yield needed more amount of work than having quantity characteristic of a

individual in community as index to set up that. Also the former was usually not precise because there
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were populations in the community which had negative effect on the formation of herbage yield. Owing to
the negative effect of these populations, the accuracy which had total quantity characteristic of community
as index to predict herbage yield droped. In the community of the grassland, the precision of the yield pre-
dictive model (coefficient 0. 9611) which was set up having total quantity characteristic of community as in-
dex was clearly lower than that of the model (0.9951) which was set up having edificato- L. chinensis pop-
ulation quantity characteristic as index.

Seasonal dynamics of biomass is limited by many ecological factors in growing season. So study on
yield ecology information parmeters of it is a very complicated problem. Through analyzing yield ecology
information parameters,very precise nondestructive model was set up. It made yield ecology information

parameters of logistic seasonal growth in this study in one growing seasin more scientific and widely used.

Table 7 Use height(cm) . density (plants * m~2) and cover-degree( %) of L. chinensis

population to estimate aboveground biomass of community(g + m~?)

Date May 20 June 5 June 20 July 5 July 20 Aug. 5 Aug. 20 Sep. 5 Sep. 20
Height 14.9 20. 2 34.7 39.3 44.5 41.5 40.7 38. 8 32. 8
Density 166 170 184 218 222 256 250 232 225
Cover-degree 7.7 9.5 11.5 19.5 30. 5 30. 8 30.0 27.2 24.2
Real value 9.6 27.7 65.3 115.6 165.0 197.3 180. 8 173.2 147.3
Estimated value 13.9065 28.3155 59.7787 121.9582 169.6161 197.5380 188.7915 161.5211 139.5893

2.5 Dynamics and simulation of vertical spatial pattern of underground biomass
The underground biomass of grassland community was determined twice in summer (Aug. 16) and the
end of autumn (Oct. 16). The result (Table 8) showed that underground biomass vertical spatial pattern

“ M ”
as reverse “pyramid” type.

Table 8 Underground biomass distribution of the grassland (g/25X 25 X 10cm?)

Aug. 16 Aug. 16
Layer(cm) Weight of Weight of Weight of Weight of Weight of Weight of
live root dead root total root live root dead root total root
0~10 29.7 12. 8 42.5 35.1 15.5 50. 6
10~20 10.9 3.3 14.2 10.7 3.5 14. 2
20~30 7.5 1.2 8.7 7.2 1.3 8.5
30~40 6.8 1.0 7.8 5.1 0.9 6.0
40~50 3.3 0.5 3.8 3.1 0.5 3.6
50~60 2.0 0.3 2.3 2.1 0.3 2.4
60~70 1. 45 0.2 1. 65 1.3 0.2 1.5
70~80 1.35 0.15 1.4 0.7 0.1 0.8
80~90 1.1 0.15 1. 25 0.4 0. 07 0.47
90~100 0.7 0.1 0.8 0.3 0. 05 0. 35
Total 64.7 19.7 84. 4 66. 0 22.42 88.42

In summer (Aug. 16), the underground biomass in 0~30cm soil-layer was 1046.4 g * m™*, made up
77.49% of total root amount. In the end of autumn with aboveground plant withering (Oct. 16), the un-
derground biomass in 0~ 30cm layer was 1172.8 g * m™*, made up 82.9% of total root weight. Because

the soil in 0~30cm layer in this region was porous. with abundant nutrient, root system mainly distribut-
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ed in this layer. But in 30~100cm soil layer, root weight only made up 22.51% and 17.1% of total root
weight. In the whole determined depth 0~100cm soil layer, live root weight accounted for 76.66% and
dead root 23.34% in summer. In the end of autumn (Oct. 16) with plant withering. live root made up
74.64% and dead root 25.36%. From this, live root of summer (Aug. 16) was more than that of the end
of autumn (Oct. 16). The total weight of live root (Aug. 16) was compared with that of Oct. 16 (P>
0.05). Also the total weight of total root (Aug. 16) was compared with that of Oct. 16 (P<C0.05). The
reason was that some early spring annual plants’ roots were dead in the end of autumn. In summer (Aug.
16), in 0~100cm soil layer, underground average total root weight per area of grassland community was
1350.4 g + m ™, but in the end of autumn (Oct. 16) that was 1414.72 g » m ™, which was 64. 32g per
square meter more than that in summer (Oct. 16). This showed that in the end of autumn (Oct. 16) with
plant withering, aboveground nutrient tended to move to roots, preparing for plants surviving the winter.
So underground root weight in the end of autumn (Oct. 16) was more than that in summer (Aug. 16), a-
mong which root weight increased mainly distributed in 0~10cm soil layer. possibly because root of edifi-
cato- L. chinensis mainly distributed in shallow layer, and L. chinensis population needed more nutrient to
resist long and cold winter. The distribution of underground biomass of grassland community varied as ex-
ponential function. The models were Bu;=2562. 1448(D+10) ""°(R=—0.9866"", N=10) in summer
(Aug.16), and Bu,=5241.1698(D+10) """ (R=—0.9759" ", N=10) in autumn (Oct. 16). Bu is the
root weight of depth [D, D410] in area determined. All reached extremely striking standard.

2.6 Water, heat conditions in growing season and their correlation with aboveground biomass

In growing season, effective water, heat conditions can provide advantages for plant growth and de-
velopment and dry matter accumulation. Between June and August, with highest temperature and most
precipitation, plants of L. chinensis + mesophytic herbs community were in lush growth. Their biomass
increased quickly and reached maximum in this period. But in former and later stage of growth and devel-
opment, because of poor water, heat conditions, plants grew slowly or stopped growth and waned
(biomass dropping). In growing season., aboveground biomass dynamics of community was on extremely
striking positive correlation with average temperature (R = 0. 8287) and accumulated precipitation (R =
0.8932) of the former month(Table 9). By determining the soil moisture., we can obtain the conclusion as
follow : as the depth increased, the stablity of the soil’s water content of the grassland increased, that was
in deep soil of 20~30cm water content waved less than that in 10~20cm depth which waved less than that
in 0~10cm depth. In addition, the correlativity of the soil water content of the under layer and the above
layer reached striking standard. The correlative coefficient of 10~20cm and 20~ 30cm was 0. 7243 * ; that
of 0~10cm and 10~20cm was 0. 7877". But the correlativity of the soil water content of every other layer
didn’t reach striking standard. So a law can be concluded : precipitation controlled soil water content of
above layer which controlled soil water content of under layer in 0~30cm. The correlative analysis of wa-
ter content of each layer soil, 0~30cm soil layer and aboveground biomass showed no striking correlativity
between them.

Through optimizing studies on correlative simulation, factors which limited seasonal dynamics of
biomass were defined as water and temperature,and correlative model on seasonal dynamics of above-
ground biomass and water temperature factors in growing season was set up. This not only provided neces-
sary complement for that yield ecology information parameters of logistic seasonal growth had wide mean-
ings.but also made the application of yield ecology information parameters more scientific.especially in us-

ing yield ecology information parameters to manage water and fertilizer of grassland.
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Table 9 Linear regressive equation of average temperature(7') ,accumulated

precipitation () of the former month and community aboveground biomass(5)

Content Linear regressive equation R
Average temperature of the former month B=—179.5723+15.5771T 0.8287"
Accumulated precipitation of the former month B=—40.0050+1.6979P 0.8932*

3 Discussion and conclusion

3.1 Grassland was taken as a whole ecological system. By simulation. the purpose was to probe compre-
hensively into internal yield ecology information parameters and their meanings. Seen from references,
during growing season, growth dynamics of aboveground biomass appeared as “S” curve in many kinds of
grassland in north China. The curve was as single peak and could be simulated by logistic model, but it
didn’t lose important information parameters of yield ecology. In addition, the purpose of this study was
not only to simply mathmatically simulate a process of life and ecology. but to probe into internal fine in-
formation parameters of the process. Above study and analysis showed that logistic model could meet
needs well. Seasonal dynamics of biomass was limited by environmental factors during growing season. In
this study, through probing into information parameter of yield ecology, a very precise nondestructive
model was set up. Moreover, by sludying on related model optimization, water, temperature factors were
defined as main factors to limit seasonal dynamics of biomass, and related model was set up. All these of-
fered very necessary complement for that yield ecology information parameters of logistic seasonal growth
were widely scientific and applied.

3.2 Plant community of grassland is made of various plant populations. The total effect of all populations

17331 In the whole growing season,

showing in community is characteristic expression of the community
different growth and development rhythm of different plant population of L. chinensis grassland formed the
special seasonal succession of the grassland community. This reflected that within the community, plant
populations had ecological relation of mutual adaption to a certain extent. So what could be showed was
that each plant was located in different status in community. L. chinensis population was in superior status
in the community. playing a leading role. In the whole growing season. the proportion of L. chinensis pop-
ulation biomass in total biomass of community gradually increased from the first determination to Aug. 20,
which was from 36.5% to 58.7%. Only in later stage, it droped to 55.1% , and this was related to that
L. chinensis population’s nutrient transported increasingly to underground root in later stage and protective
mechanism of L. chinensis population itself strengthened. In addition, the root weight increased in the end
of autumn mainly distributed in 0~10cm soil layer which was the main distribution region of L. chinensis
population root weight. This further proved that protective mechanism of L. chinensis population itself in-
creased to the end of autumn that was population needs more nutrient to resist long and cold winter. Lush
growth and development of edificato- L. chinensis marked the grassland community was in a good develop-
ment period and there was no regressive succession. L. chinensis population made the greatest contribution
to the formation of biomass. In a word, by studying information parameter of yield ecology, we could see
that protective mechanism of L. chinensis population was strengthened in autumn, good development of ed-
ificato could further conclude that community has no regressive succession. Having edificato population’s
height, cover-degree and density as index to set up nondestrutive prediction model of herbage yield not on-
ly overcame the destructibility of harvest method but also had simple and convenient characteristic. More-
over the model reached precision demand.

3.3 The formation law and features of aboveground biomass of L. chinensis grassland were limited by its
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development rhythm and ecological factor. In growing season biomass varied as “single peak” type and
reached the peak of biomass before Aug. 5 which was 197. 3 g * m *. Among which the peak of L. chinensis
population’s aboveground biomass appeared about half a month later than that of community’s biomass.
The peak of mesophytic herbs and community’s biomass appeared simultaneously. Logistic model con-
tained much information on biological-ecological features of grassland herbage. These information could be
obtained by means of parameters in logistic model and their special calculation, and these information was
a basis to effectively manage the grassland. So before aboveground biomass of L. chinensis grassland
reached maximum, logistic model was used on biomass of L. chinensis population, mesophytic herbs and
the community, the coefficients all reached striking standard. Absolute growth rate and relative growth
rate of aboveground biomass estimated accumulated dynamics of aboveground biomass and productive effi-
ciency of organic matter from different angles. The results indicated the law of absolute growth rate and
relative growth rate of aboveground biomass with L. chinensis grassland which was in growing season AGR
and RGR was high in early stage, decreased gradually as plant developed. and appeared negative values in
later stage, showing that after aboveground biomass formed, growth efficiency was the highest in initial
stage of growth, gradually droped after that. According to this law, technical management measure should
be exerted on grassland, especially water and fertilizer measure in early stage of grassland plant growth
and development in order to play benefit of putting into, to lower production cost. Aboveground produc-
tive structure of grassland distributed basically as “pyramid” type, reflecting vertical structure law and fea-
tures of aboveground herbage yield of L. chinensis grassland from the other aspect. Among which 93%
yield was concentrated below 40cm. so if the height left by mowing was reasonably controlled about 5cm.,
biomass obtained by mowing approached 92% of total biomass. Underground biomass distributed as “re-
verse pyramid” type. The biomass in 0~ 30cm depth made up 77.5% and 82. 9% of total underground
biomass respectively. Compared with biomass of summer, underground biomass increased in the end of au-
tumn with plant withering, showing that aboveground biomass had the tendency to transport to root in lat-
er stage. On the basis of the case above, if the improvement measure related to root system problems was
carried on the grassland, the depth of 0~20cm can reach the good effect of improving the grassland.

3.4 By analysing the correlation of aboveground biomass of grassland community and accumulated precip-
itation, average temperature of the former month, we can understand obviously that in a certain range.,
the better the water and heat conditions, the more the aboveground biomass accumulation of the grassland
community. But the increase of grassland aboveground biomass didn’t show that in each stage biomass ac-
cumulation completely tallied with accumulated precipitation and average temperature of the former
month. For example, on July 20, aboveground biomass of grassland community was 165.0 g * m ~?, but
the corresponding precipitation was 143. 4mm3; on Aug. 5, biomass was the highest, 197.3 g * m ?, but
the corresponding precipitation was not the highest, it was 124. 8mm, lower than that of July 5. So the
feature of “whether water and heat conditions in each stage could satisfy the need of plant growth or not”
was especially important. If the seasonal distribution of water and heat conditions was not even(that was
when grassland community needed good water and heat conditions, there were not; but when the commu-
nity needed ordinary water heat conditions, there were over-good water heat conditions), though total wa-
ter heat conditions in a year was very good, aboveground biomass accumulation of the whole grassland
community had relatively bad correlation with water heat conditions and grassland biomass couldn’t be
raised clearly. With regard to temperature and precipitation, the correlation coefficient (R=10.8932) of
aboveground biomass of the grassland community and accumulated precipitation of the former month was

larger than that (R=0.8287) of biomass and average temperature, showing that biomass had stronger
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correlation with precipitation than with temperature. Precipitation factor had larger effect on formation of
grassland aboveground biomass than temperature factor. Under the same conditions, the correlativity of
L. chinensis + mesophytic herbs grassland aboveground biomass with precipitation and temperature is rela-
tively worse than that of Stipa baicalensis grassland aboveground biomass with precipitation and tempera-

[25

ture™!, showing that L. chinensis + mesophytic herbs grassland had better water and heat conditions than

Stipa baicalensis grassland.
References

[ 1] Heal O W and Perkins D F. Production ecology of British moors and montance grassland. Springer-Verlag. , 1978,
121~127.

[ 2] Wielgolaski F E. Fennos candia tundra ecosystem. Part 1 plants and microoganisms, Springer-Verlag. , 1975, 121
~127.

[ 3] Chapman S B. Methods in plant ecology. Black Weu Scientific Publications, 1976.157~195.

[ 4] Mcnaughton S J. Ecology of a grazing ecosystem the Serengeti. Ecological Monographs, 1985, 55(3): 259~294.

[ 5] Brian A M. Avian community dynamics in desert grassland :observational scale and hierarchical structure. Ecolog-

ical Monographs, 1985, 55(3):295~312.

[6] WangQJ( ), Wang W Y ( ),Deng Z F( ). The dynamics of biomass and the allocation of ener-
gy in Alpine kobresia meadow communities, Haibei region of Qinghai province. Acta Phytoecologica Sinica(in Chi-
nese) ( ), 1998, 22 (3): 222~230.

[7] Wang Y F( ). The feature and rule of formation of aboveground biomass of Stipa grandis steppe. Acta Phy-
toecologica Et Geobotanica Sinica(in Chinese) ( ), 1989, 13(4): 297~308.

[8] Xing F( )+Zhu T C( ). Research of biomass and net primary productivity of Filifolium sibiricum grass-
land in eastern Neimengou. Acta Phytoecologica Et Geobotanica Sinica(in Chinese) ( )
1992,16(2): 149~157.

[9] HuZZ( ) Sun J X( ),Zhang Y S( ). Studies on primary productivity in Tianzhu Alpine Poly-

gonum viviparum meadow. Acta Phytoecologica Et Geobotanica Sinica, (in Chinese) (
), 1988, 12(2): 123~133.
[10] Wang Q J( ) Zhou X M ( ), Zhang Y Q( ). Structure characteristics and biomass of Potentil-
la frutlcosa shrub in Qinghai Xizang plateau. Acta Botanica Boreali-Occidentalia Sinica(in Chinese) (
)y 1991, (4): 333~340.
[11] Ma S J( ). Grassland ecology. Modern Ecology View (in Chinese). Beijing: Scientific press. , 1990. 142~
153.
[12] Garcia L V. Aboveground biomass and species in a mediterranean solf marsm. Journal of Vegetion Science, 1993,

4(3): 417~424.

[13] Zhang L Q( )s Yong X K ( ). Studies on population density and biomass dynamics of Scirpus
mariqgeter. Acta Phytoecologica Et Geobotanica Sinica(in Chinese) ( ), 1992, 16(4):
317~325.

[14] Zhu Z C( ), Jia D L( ). Preliminary study on biomass of Themeda triandra var japonica community in
Loess plateau at north Shanxi province. Acta Ecologica Sinica(in Chinese) ( ). 1991, 11(2): 117~123.

[15] Sarma K V. Biomass structure and net primary productivity in protected and grazed grasslands of khammam.

Herbage Abstracts, 1990, 60(3): 115.

[16] Zhang C H( )L.Li ] DC ). Seasonal dynamics of productive structure, standing crops and net primary
productivity of Puccinellia community. Acta Prataculturae Sinica(in Chinese) ( ), 1995, 4(1): 36~43.
[17] Yang Y F( ),Zhang B T( ). The models on density dependence to natural Suaeda heteroptera popula-

tion of alkalization meadow in the Songnen plain of China. Acta Phytoecologica Et Geobotanica Sinica(in Chinese)

( ) 1992, 16(4): 363~371.



47

(18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]
[30]
[31]
[32]

[33]

Roger C D and Clair L K. Root productivity and turnover in native prairie. Ecology, 1965, 46: 84~89.
Singh J S and Yadava P S. Seasonal variation in composition plant biomass and net primary productivity of a tropi-
cal grassland at Kurukshera. India Ecol. Monogr. . 1974, 44. 351~376.
Fiala K. Underground biomass of three typical grass stands growing on areas deforested by air-pollution. Ekologia
CSSR, 1990, 8(2): 105~115.
Gilert H. Plant productivity in an intertidal fresh-water marsh Quebec. Canadian Journal of Botany, 1990, 68
(4): 852~856.
Rosensweig M L. Net primary productivity of terrestrial communities : prediction from climatological clata. Ameri-
can Naturalist, 1968, 102: 67~74.
Wang R Z( ), LiJ DC ),Gao Q( ). The study on water ecology of the Suaeda corniculata saline
community in Songnen plain. Acta Phytoecologica Sinica(in Chinese) ( ) 1996, 20(5): 472~477.
Lu C F( ). A comparative study of photosynthetic response of Kobresia humilis to different environmental
factors. Acta Phytoecologica Sinica(in Chinese) ( )5 1995, 19(1): 71~78.
Wang Y S( ). The relationships between primary production and the major ecological factors and its predic-
tion models in Stipa baicalensis steppe in northeastern China. Acta Phytoecologica Et Geobotanica Sinica (in Chi-
nese). ( ), 1991, 15(3): 286~295.
Wang Q J( ), Zhou X M( ). The growth rhythm of the grasses populations and their adaptability of
environment in Kobresia humilis meadow. Acta Phytoecologica Et Geobotanica Sinica(in Chinese) (

)y 1991, 15(2): 168~176.
Huang ] F( ).LiJ L( ). The statistical analysis between winter steppe grass yield in Tianshan north
slope and meteorologic conditions. Acta Phytoecologica Et Geobotanica Sinica(in Chinese) (

), 1992, 16(3): 258~265.

Wang Y F( ). The effect of arid climate on the community structure and aerial biomass of Stipa grandis
steppe. Acta Phytoecologica Et Geobotanica Sinica(in Chinese) ( ), 1982, 6(4): 333~
338.

Li B( ). Chinense Grassland (in Chinese). Beijing: Scientific press. » 1990. 25~156.

Ma S J( ). Yield ecology. Modern Ecology View. Beijing: Scientific press. , 1990. 282~290. (in Chinese)
Nei monggol university ( ) . Botanical Ecological Experiment(in Chinese). Beijing: University press. ,

1986. 69~102.

Nanjing Agricultural University ( ). Farm Experiment and Statistic Method (in Chinese). Beijing:
Agicultural press. , 1987. 50~150.

Zhu Z C( ).Jia D L( ). A preliminary study on the biomass of Golamagrostis pseudophregmites com-
munity. Acta Ecologica Sinica(in Chinese) ( )5 1996, 16(1): 40~49.



