Estimation of plant biomass and plant water content
through dimensional measurements of plant volume
in the Dund-Govi Province of Mongolia
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Summary As the first step to estimate the total plant biomass and the total plant water content on the whole
study area, regression-equations of dominant shrubs (5 species) and dommant helbaceous plants (1 tall grass
type and 10 short grass types) were developed for pledlctmg plant blomass and plant water content per unit area
or plant individual through dimensional measurements in the arid area of Dund-Govi Provmce Mongoha As
the result of the comparison among three types (linear, quadratic, and loganthmlc) of 1 reglesswn equations and
dependent variables (height, crown area/cover: age, and volume), it Was mdlcated that the' linear leglessmn
equation by the volume was more applicable to estimate the plant blornass and the plant water contents of the
dominant shrubs and the dominant herbaceous plants. It could be p0531ble to estimate easily the plant biomass
and the plant water content using those regression, equatlons at many field sites duectly To estimate the total
coverage, the total plant biomass, and the total plant water content on the whole study area, it further needs to
calculate a regression between Landsat TM data and the plant volume, and/or Landsat TM data and the data of
the coverage/plant biomass/plant water content estimated at the field sites.

-

1. Introduction

Within the framework of the AMPEX (ADEOS 11
Mongolian Plateau EXperiment for ground truth) project
(Kaihotsu, 2001), the field measurement of coverage,
plant aerial biomass, the water content of plants, and
those estimation on the whole study area (Figure 1) are
the main. objects on the aspect of the ‘vegetation analy51s
Those data will be used for constructing an algorithm to
estimate a soil water content using ADEOS II data. By
calculating the regression between Landsat TM data and
the data of the coverage/plant biomass/plant water content
measured at field sites, it is possible to estimate the total
coverage/total plant biomass/total plant water content on
the whole study area. Hence, it needs as the many data
at field sites as possible to get a more reliable regression
equation between them.

On the other hand, the most important factors
in raising and keeping livestock in arid areas are the
amounts of feed and water resources; therefore, an
understanding of those amounts is vital to the
management of livestock. ~However, many technical
facilities and great laborious efforts, such as cutting,
drying, and weighing, are required to measure plant
biomass. These processes sometimes become an
obstruction to measuring the plant biomass and the plant
water content in such remote areas as the Mongolian

steppe. ‘ .

Thus, there is a need to develop a methodology
for estimating plant biomass and plant water content
easily at as many survey sites as possible, especially in
remote and arid areas. In this study, as the first step to
estimate the total coverage/total plant biomas/total plant
water content on the whole target study area, regression
equations were developed to predict plant biomass and
plant water content per unit area or plant individual by
only dimensional measurements in the arid area of Dund-
Govi Province, Mongolia, which are directly apphcable at
the survey sites.

2. Methods

2-1. Study area

The study area, 160 km east-west and 100 km
north-south, is located in an arid area of the Dund-Govi
Province of Mongolia where the average annual
precipitation is only 150 to 250 mm (Figure 1). As to
the vegetation classification byl0Ha T o b (1976), the
type of vegetation in the study area is classified as steppe
and/or semi-desert. The study area is only used for flock
grazing contlolled by local nomads.
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Figure 1 Annual precipitation of Mongolia and the location of the study area(#4)

2-2. Field survey

Field surveys werc conducted from May to
October of 2001 in the study area.
long grass type of herbaceous plant (1 speme) short grass
types of herbaceous plants (10 species), and a dwarf shrub
(1 specie) were measured by dlfferent methods to est1mate
the plant blomass and the plant water content They are
replesentatlves of the plant spe01es n the study area.
The measmed plant species ale listed in Table 1. The

plants covering the entire range from very small/sh011 to-

very large/long were randomly taken as the samples for
regression analysis (Thalen 1979: 383, Catchpole and
Wheeler 1992).

-

Shrubs (4 spemes) a

dh1=1/2*(Db] +(De1 -Dyp1)*WVH

Se— Basal area

dh2=1/24(Db2 +(De2-Du2)*h/H Dol Dy

Figure 2 Dimensional measurements of the diameters at the basal area (Dpy & D)
and the crown area( D¢y & D ¢3), and the height (H) of the individual shrubs
and long grass type herbaceons plant for calculating the plant volume from
the differential equation of the area

. H
Plant volume (V) = S dhj+dh2* 7 dh
0

2-3. Measurement of dry matter (DM) and plant
water content (WC)

The weight of fresh matters (FM) of the
collected plants was immediately measured at the field
using a portable electronic balance (minimum scale: 0.1
g).” The plants wexe oven-dried (at 130° C for 2 ‘h) to
measure the dry matter (DM) present. The water content
of each plant was calculated by subtracting DM from FM.

2-4. Calculation of plant volume (V)

Table 1 Plant Jist on analyzing regressions for estimation of plant biomass and plant water content

Genus spedes

Shrub Leguminosae Caragana micropylla 47
Legumi 64 -

. _Chenopadiaceae Salsola pnssenna 18

! Chenopodiace Reatinuiri gorica 24

Dwarfshrub Comp Artemisia spp. 45

Long-type hect plant Grami Achnaterum splendens 54

Short-type herbaceous plants, - Graminae Cleistogenes squarrosa 78

Graminae * Agropyron cn.vtamm 35

Gramiriae Stipa spp. : 68

Graminae Leymus chinensis 5

Liliaceae Allium spp.** 74

Cyperaceae Carex duriuscula 78

Ceonvolvulaceae Convolvulus Ammanii * 25

Rosaceae Potentilla bifurca 23

Rosaceae Sibbaldianthe sericea 25

Zyg,aphyllmeae Peganum harmala 15

s plants***

Samples

¥: Collected sample numbers for the regxessnon analyses
**; There are 2 species of Allium spps: A, mongolicum and A. palyrrhrzum
#*+; Herbacious plants contain all plants which appeared in the each surveyed site

For the short grass types of herbaceous plants
and the dwarf shrub, the natural height (cm) and the
coverage (%) were measured by a modified Penfound and
Howard method (1940).  The plants were collected by
unit sampling using a 50 cm x 50 cm quadrat at the
ground level. ‘

For the shrubs and the long grass type of
herbaceous plants, the natural height and two maximum
values for the diameters (cm), which are perpendicular to
each other at the crown area and the basal area, were
measured (Figure 2). The plants were individually
collected at the ground level. :

For the short grass types of herbaceous plants
and the dwarf shrub, éach plant volume was calculated by
multiplying the area (2500 cm?) within the 50 cm x 50 cm

' quadrat by each coverage and height as,

V (cm?/0.25 m?) =
2500 (cm?) x coverage (%) / 100 x helght (cm)
For ‘the shrubs and the long grass type of
herbaceous plant, each plant volume was calculated using
the modified Okubo conical model (Okubo and Endo
1998) as follows (Figure 2):
" Crown area (g/individual) = Dc1/2 x De2/2 x5t
'V (g/individual) = (0-H){dh1xdh2 x 7 dh
dht: 1/2 (Dbl + (Dcl - Dbl) W/H),
dh2:'1/2 (Db2 + (Dc2 - Db2) h/H) -
where, Dcl and De2 are two maximum diameters at the
crown area, Dbl and Db2 are two maximum diameters at
the basal area, H is height, and h is variable of height.

2-5. Regression calculation
Regression analyses were carried out by hnear
quadratic, and logarithmic function, '
Linear equation: Y=2a+bX
" Quadratic equation: Y=a+bX+cX
Logarithmic equation: LogY=a+bLogX
where Y is the plant biomass or the plant water content, X
is the height, the crown area/the coverage, or plant
volume, a, b, and ¢ are regression coefficients.
The sample number of each plant used for
calculation of regression equations ranged from 5 to 78
(Table 1).

3. Results and Discussion
Coefficients of determination (r*) on linear,
quadratic, and logarithmic regression equations between



plant biomass/plant water contents and plant volumes are
shown in Table 2. The coefticients of determination on
the linear equations were almost equal to those of the
logarithmic equations, but quite a bit lower than those of
the q uadratic equations. Simple but reliable equations
are favorable because such equations provide . plant
biomass and water contents easily in the field when it is
difficult to take such measurements directly. In terms of
simple and easy calculation, the linear. equations are
greatly superior to-the logarithmic equations. Further, in
such as cases of Caragana micropylla, and Agropyron
cristatum, large errors in the plant biomass and water
contents estimated by th e quadratic equations occurred
when the equations were applied beyond the range of the
volumes used in this study (Figure 3). It was, therefore,
indicated that the linear equations would be more reliable

and proper than quadratic equations.” - .
Table ? Comparison on coefficients of detesmination (¢2) among linear®, quadratic**, and logatithmic*** regeessions

Plans Plant biomaess // Plant volume Plant water content // Plant volume
Linens CQuadmtic _ Logarithmic Linens Quadeatic  Lognsithmic

Caragana mitrapyﬂ; 0.86 0.92 0.88 0.79 0.81; 0.79
Caragana pygnac 0.77 0.83 0.77 0.79 0.83 0.79
Achnaterum splendens 0.83 0.85 0.83 - 0.81. 0.81 0.81
Salsoln passerina 077 0.83 077 0.94 0.94 0.94
Renumurica wongurica 0.88 0.88 0.88 0.69 0.71 0.69
Allium spp., 0.78 2.79 0.%9 0.8t 0.83 0.81
Clelstwgenes squarrosa 272 0.75 0.72 0.64 0.65 0.64
Carex durinscula 0.75 0.75 0.74 057 * 0.57 0.57
Stipa spp. 0.58 0.59 0.57 0.46 .47 0.46
Artemisia - spp. 0.82 0.93 0.82 0.76 0.90, 0.83
Convalvulus Ammani’ 047 0.61 0.76 0.61 0.69 0.61
Potentilla bifurca 0.86 0.86 0.86 0,74 0.7 0.74
Sibbaldianthe sericen 0.86 0.89 0.72 0.73 ! 073 0.7
Agrpyron erisumm 0,69 0.76 0.72 049 0.56 049
Leymuis chinensis .82 0.97 0.82 0.82 0.90 0.81
Peganim harmala 0.66 0.66 0.66 0.86 0.86 0.86
Heihaceous plants 0.53 0.59 0.53 0.52 0.53 0.52

=Y =a4bX, *% Y = a +bX » eX2, % Lng\’; alogX +b

Table 3 shows comparisons of coefficients of
determination when heights, crown areas/coverage, and
volumes were used as an independent variable in linear
equations. All the coefficients of determination for the
heights were lower than those for the volumes. Further,
the coefficients of determination for the volumes of some
shrubs and some herbaceous plant were lower than those
for the crown areas/coverage, but higher in most plants.
Hence, it was suggested that the volumes could become
the most accurate independent variable in estimating the
plant biomass and water content of each plant.

Table 3 Coefficients of deletminalion (r2) on the finess equalions of the enchi plant assigned 1o independeai variables

for pla at biomass/ptant waler confent and to depeadent vagiahles for heisht, ccown ares/coverage, snd volume

Plants Plant biomoas Platwntes content

Height Crown ares Volume Height Crown asca Volume
Caragann micropylla © 037 077 0.86 041 0.49 - 0,79
Caragana pygmaen 0.40 0.64 077 044 0.66 0.79
Achnateriom splendens .0.56 0.62 0.85 053 0.56 0.8?
Salsoln passering 0.62. 0.85 077 - 0.67 0.86 0.94
Reatanur ica soongorion 018 n.e0 088 0.4 0.56 0.69

Height Cuverage Vnlume Height Coverage Valume
Altium spp. 0.50 0.50 .78 G.54 047 .81
Cleistogenes squarrosa 035 0.59 0.72 0.8 0.26 .64
Carex diirinsculn 049 0.47 0.75 050 0.27 057
Stipa spp. 017 0.56 0.6 . b1z 048 0.46
Artemisia spp. 0.28 0.63 0.82 0.29 055 0.76
Convoleutus Amntanidl 0.07 0.73 047 o.00 0,71 a.61.
Fotentilla bifureu 0.26 0.94 0.86 0.t5 0.88 ... 073
Sibbaldianthe sericen 016 0.85 0.86 014 0.79 0.76,
Agrpyron cristatin 0.34 045 0.69 0.22 043 . 048
Leymus chinensis 0.12 0.84 0.84 a12 0.82 0.82 .
Peganton hermala’ 0.25 0.64° 0.66 034 0.90 0.86°
Herbaceous plaats 0.34 0.48 0.53 0.40 0.28 0.52

The results of linear regression equations of
each plant between the plant biomass/plant water contents
and the volumes are listed in Table 4. The highest and
lowest values of coefficients of determination were 0.94
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Figure 3 Linear and quadratic regressions between plant biomass/plant water content and plant volume of
Caragana-micropylla(a) and Caragana-micropylia(b) in the Dund-Govi Province, Mongolia



and  0.46, respectively.  Herbaceous plants, which
include all plants appedring at the survey site, also had
high values of coefficients of determination. Again,
from the results of the comparison among three types of
regression equations and among dependent valuables, it
was indicated that the linear regression equations by the
volumes were ‘more applicable  to estimate the plant
biomass and the plant water contents of each plant. The
simplicity of the linear regression -equation is also

attractive for easy calculation at survey sites.

Table 4 Linear regression equations between plant biomass/plant watet content and volume :

Plants Plant bioniass // Plant volume Plant water content // Plant velume

) Regression equation 7] Regression equation 2
Camgana micropylla Y=0.001635X+55.66 0.86 Y=0.001579X+33.67 0.79
Caragana pygmaen Y=0,004542X - 2.86 0.77 Y=0.002522X - 0.68 0.79
Achnaterum splendens ~ Y=0.000405X+ 4.79 0.85 Y=0.000499Y+ 1.86 0.81
Salsola passering Y=0.009510X+ 5.40 0.77 Y=0.015830X+ 0.82 0.94
Reanmurica soongorica ' Y=0.007346X+ 2.43 0.88 Y=0.004267X+ 5.15 0.69
Allium spp. Y=0.001282X+ 0.01 0.78 Y=0.005301X - 0.51 0.81
Cleistogenes squarrosa  Y=0.003426X+ 0.12 0.72 Y=0.002256X+ 0.29 0.64
Carex durinscula Y=0.001157X+ 0.27 0,75 Y=0.001046X+ 0.31 0.67
Stipa spp. Y=0.001003X+ 0.05 058 Y=0.000832X+ 0.21 0.46
Artemisia spp. Y=0.003398X - 0.08 0.82 Y=0.004254X+ 0.12 0.76
Convolvulus Ammanii  Y=0.001850X+ 0.19 047 Y=0.002458X+ 0.30 0.61
Potentilla bifurea Y=0.005780X+ 0.00 0.86 Y=0.004500X+ 0.12 0.73
Sibbaldianthe sericea Y=0.005385X+ 0.08 0.86 Y=0.002984X+ 026 . 0.76
Agrpyron cristatum Y=0.002414X+ 0.07 0.69 Y=0.001666X+ 0.27 0.49
Leymiis chinensis Y=0.000728X+ 0.17 0.82 Y=0,001188X+ 0.09 0.82
Pegamim harmala Y=0.003073X+ 035 0.66' Y=0.007008X+ 0.74 0.86
Herbaceons plants Y=0.001517X+ 1.27 053 Y=0.002710X+ 0.68 0.52

From C. micropylla 1o R soongorica ;
Y: éstimated plant biomass (DM ylndlvidual) esllmaled plam water content (DM gl’ndwidual),
X: plant volume (an3/individual) "

From Allium spp. o Herbaceous plants;
Y: estimated plant blomass (DM g/0.25m2), estimated plant water content (DM go 25m2),
X: plant volume (cm3/0.25m2)

Lot

Further study

To estimate the total coverage, the total plant
biomass, and the total plant water content on the whole
study area, it further needs to calculate a regression
between Landsat TM data and the plant volume, and/or
Landsat TM data and the data of the covérage/plant
biomass/plant water content. The equation on those
relationships could expand the point data of the
coverage/plant biomass/plant water content estimated by
the regression equations to the whole target study area.
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