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ESTIMATION OF ABOVE- AND BELOW-GROUND BIOMASS OF
DOMINANT DESERT PLANT SPECIES IN AN OASIS-
DESERT ECOTONE OF MINQIN, CHINA
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Abstract Most desert soil management decisions are based on quantitative measurements of the biomass of the
dominant plant species. The biomass of the dominant plant species in a typical oasis-desert ecotone (ODE) of
Mingin was measured in 82 plots (10 m x 10 m). The results showed that the distribution and total cover was
approximately 16.12% . Above- and below-ground biomass of five dominant desert species ( Nitraria tanguto-
rum> Calligonuum mongolicum > Haloxylon ammodendron, Agriophyllum squarrosum and Halogeton arach-
noideu) was measured by excavation. Linear regressions were used to analyze the relationships among all the
biomass components for each plant (fresh and dry weight of above- and below-ground biomass) and the basal
diameter, total height and canopy cover. Best fit models were constructed for each species using 80% of the
data. Our results showed that basal diameter Cexcluding N. tangutorum) and canopy cover were the best pre-
dictors of biomass for all five desert plant species. A validation test using the other 20% of the data not used
for estimating the regression equations indicated that these equations made accurate predictions of desert plant
species biomass.
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Minqin oasis lies between Badain Jaran Desert and
Tengger Desert. In recent years, it has been greatly
threatened by desertification and became a typical location

with shrinkage of vegetation of many other oases lying a-

Weke H#: 2005-02-02 #:5%2 H A 2005-05-27

long the desert fringes of Northwest China (Ma et al .,
2003). Howevers the oasis-desert ecotone ( ODE) has
been first faced the threat of desertification which is vul-

nerable. So it is an important study area for managing de-
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sertification ( Wang & Cui, 2004). In many ODEs, the
vegetation had degraded with desertification. The desert
plants curb desertification processes and improve the qual-
ity of the soil. Moreover, the biomass of desert species
can serve as good indicators of desertification ( Padron &
Navarro, 2004 ). Therefore;

searchers call for reliable estimates of total plant or com-

land managers and re-

ponent weights to assess site productivity, food abun-
dance, treatment effects, and fuel loading ( Navar et al . »
2004 ). Present-day biomass estimation are required to es-
timate stocks and fluxes of carbon dioxide, within the
earth-atmosphere system ( Schimel et al., 2000). To
readily estimate biomass components non-destructive tech-
niques are also necessary> which are rapid, relatively ac-
curate> and have few training requirements. The estima-
tion of the plant biomass for a desert ecosystem is a basic
and necessary step to fully understand its dynamics and
carry out an adequate management (Bai et al ., 2004) .

Many different approaches have been used to study
biomass. Percent cover is the most commonly used pre-
dictor of grass biomass. However, large coefficients of
variation associated with low vegetation cover ( Hatton et
al ., 1986) made this method unreliable under sparse
vegetation conditions in arid areas ( Assaeed, 1997).
Clutter et al. (1983) reported the one independent vari-
able nonlinear; one independent variable linear, and
multiple regression equations which were used for biomass
estimation. However, most studies suggested that method
of multiple line regression analyses is fitted well to predict
biomass (Assaeed, 1997: Parresol, 1999; Navar et al .
2002). So Multiple line regression was used to develop e-
quations for predicting biomass in this paper.

In fact, desert vegetation was scattered spot patterns
with simply species structure (von Hardenberg et al .,
2001). Therefore, total biomass can be obtained in desert
ecosystem by determining biomass of individiul plant. At
present, few studies of the biomass of desert species was
conducted and most researches focused on above-ground
biomass (Padrén & Navarro, 2004; Navar et al ., 2001;
Guevara et al.,» 2002: Zhao et al.,2004). However;
plant below-ground biomass often constitute a major part
of the total biomass in arid areas. It is inadequate to un-
derstand the dynamics of ODE and desertification in arid
desert in that only few studies were about the estimation of
total biomass of desert plants ( Wang & Li, 1994; Jia et
al ., 2002).

The objectives of this study were: 1) to develop alo-
metric equations for estimating above-ground and below-

ground standing biomass at the individual species scales

and 2) to check the use of simple morphology measure-
ments as a reliable tool for predicting the biomass of arid
plant species in the ODE of Minqin. The results may pro-
vide valuable information for management and restoration

of the temperate oasis which was being degraded rapidly.

1 Material and methods

1.1 Study site

This study was conducted during the summer of 2002
at Minqgin Integrated Desert Control Experimental Station
(MIDCES)(38°34" N, 102°58' E) in the Northwestern of
China, southern edge of the Badain Jaran Desert> with a
total area of 1 200 hm®. The Mingin oasis lies in the low-
er reaches of the Shiyanghe River watershed of eastern end
of the Hexi Corridor. The central area except the southern
is surrounded by the Badain Jaran Desert and adjacent to
the Tengger Desert with mobile, semi-mobile, and static
dunes, including large areas of sparsely vegetated desert
rangeland. In our study area, the climate belongs to the
fearfully arid continental monsoon climate region of the
temperate zone with a windy winter and spring. Average
annual temperature is 7.6 “C. Mean precipitation is 110
mm, with most of it occurring from July to September
while estimated potential evapotranspiration is about
2 604.3 mm. Zonal soil types in the area include gray-
brown desert soil and gray desert soil. The mineralization
degree of water quality is 8 — 10 g*L ™! and groundwater
is buried at 17 m underground. Agricultural irrigation de-
pends on groundwater. Grazing is forbidden at the study
site.
1.2 Dominant plant species investigated

To obtain distribution of vegetation and accurately
estimate the biomass, 82 sampling points with every 10 m
x 10 m quadrates were randomly selected across the study
area. In each quadrate; the number of species, breadth
of canopy (length and width), total height, basal diame-
ter and frequency of all standing plants were measured to
calculate the importance value (relative density (%) +
relative frequency (%) + relative cover (%)) of each
species as a standard to determine dominant species.
Shrubs belonged to a specific sampling quadrate if their
stems were located within the quadrate; although parts of
the shrub crown might have grown outside the quadrate.
To calculate the importance value of species, it wasn’ t
necessary to exactly locate the stem position. Therefore,
it was decided to account as an individual plant depended
on canopy areas inside quadrate. The species existed less
than two sampling points in our result was excluded.

1.3 The biomass and average morphological characteris-
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tics measurements

A portion of the collected plants (about 80% ),
called the estimation date set, was randomly selected from
all harvested plants and used to estimate the equation co-
efficients (Guevara et al., 2002). The remaining 20%
of the collected plants of each species, called the predic-
tion data set> was used to measure the prediction accuracy
of the equation ( Snee, 1977). First, the dominant
species we randomly selected were recorded and measured
with basal diameter ( Nitraria tangutorum is not measured
basal diameter for cespitose species ), total height,
canopy cover and the height of sand mounds with N.
tangutorum (in many regions, most of the enclosed sand
mounds are vegetated with N. tangutorum brush). Sec-
ond> to measure fine roots (roots < 1 mm in diameter)
biomasss soil was sampled in cores of 5 em diameter and
50 cm depth from each rhizosphere of plant (we only sam-
pled the upper 50 c¢m soils because over 80% of the fine
roots are concentrated in this depth) (Jackson et al .,
1996). And the cores were immediately put in sealed
plastic bags and transported to the laboratory. The live
roots were carefully separated from the soil by washing out
of the samples with sieves. Then according to the volume
proportion between soil cores and total root zone; the total
small root biomass was calculated. Third, we clipped the
aboveground biomass and recorded the fresh weight, and
then all coarse roots (roots =1 mm in diameter) were
dug up and washed and weighed. Finally, all samples of

each component of each species were dried in an oven at

Table 1

80°C to a constant weight in order to determine the dry

biomass .
2 Results

2.1 Vegetation composition in ODE
Table 1

speciess which indicate not only vegetation structure but

shows importance values of individial

also few dominant species. Total 16 species representing
are collected and identified, and the total cover is approx-
imately 16.12% in study area (Table 1). It was found
that the relatively dominant shrub species are Nitraria
tangutorum > Calligonum mongolicum and Haloxylon am-
modendron . The dominant herbaceous species are Agrio-
phyllum squarrosum and Halogeton arachnoideus according
to the importance value (Table 1). Furthermore, the
dominant species were selected to conduct this research.
2.2 Morphological characteristics of dominant species
The measured morphological characteristics of the
studied species are shown in Table 2. Among them
Haloxylon ammodendron is a huge shrub with the basal
diameter of 2.93 cm*plant ™', total height of 221.59 cm*
plant™!, canopy cover of 0.35 m®* plant™' and mean
above-ground weight of 1 876. 36 g * plant™'. N.
tangutorum is an espitose shrub with the height of sand
mounds of 27.72 em*plant~', total height of 28.32 cm*
plant~', canopy cover of 3.71 m?* plant™' and mean
weight of 1 010.46 g*plant~'. C. mongolicum is also a
shrub with basal diameter of 0.99 cm* plant™!, total
height of 45.10 em®plant™!, canopy cover of 0.24 m**

Analysis of dominant species in study area

Plant species Species number per sample

Frequency (% ) Coverage ( %) Importance value

(Mean + SD)
Agriophyllum squarrosum 7.71+7.60 30.3 0.956 70.841
Nitraria tangutorum 1.45+2.17 7.06 9.049 69.703
Calligonum mongolicum 5.43 +8.06 26.4 2.501 66.307
Haloxylon ammodendron 1.34+£2.44 7.21 2.642 29.630
Halogeton arachnoideus 2.67+3.63 10.20 0.212 23.503
Phragmites communis 1.11+£2.45 5.40 0.008 10.437
Sophora alopecuroides 0.65+2.96 3.14 0.056 6.395
Limonium aureum 8.40+5.08 2.49 0.012 4.864
Artemisia arenaria 0.44+1.70 2.14 0.017 4.220
Thermopsis schischkinii 0.51+2.32 2.08 0.010 4.058
Elaeagnus angustifolia 0.06+0.36 0.30 0.488 3.599
Suaeda glauca 0.30+1.95 1.48 0.012 2.926
Hedysarum scoparium 0.12+0.46 0.59 0.122 1.897
Bassia dasyphylla 0.06+0.29 0.30 0.001 0.583
Caragana microphylla 0.04+0.19 0.18 0.037 0.571
Cirsium setosum 0.05+0.27 0.24 0.001 0.466

The number of N. tangutorum is its espitose
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plant ! and mean weight of 67.20 g*plant~'. The rest of

squarrosum and Halogeton arachnoideus »
1

species, A.
are herbaceous with slight weight of 5.28 g*plant™" and
6.94 g*plant~!, respectively.
2.3 Regression analysis

Plant biomass (above-ground dry biomass, below-
ground fresh biomass, total fresh biomass, total dry
biomass, respectively) were significantly correlated with
plant basal diameter and canopy cover of C. mon-
golicum > Haloxylon ammodendron, A. squarrosum and
Halogeton arachnoideus (including p < 0. 001, p <
0.01, p <0.05). Height of sand mounds and canopy
cover of N. tangutorum were significantly correlated with
plant biomass. Correlation coefficients between morpho-
logical characteristics (basal diameter, canopy cover and
height of sand mounds) and plant biomass ranged from
0.492 t0 0.967 in C. mongolicum (Table 3). These re-

sults suggest that plant biomass of the studied species was

more closely related to plant basal diameter and canopy

cover than total height.

According to the degree of correlation, height of
sand mounds ( N. tangutorum ), basal diameter, and
canopy cover were selected as individual plant parameters
for multiple line regression equations of biomass. And
based on the previous determined results, we obtained the
equation for predicting the species biomass by using mul-
tiple line regression analyses method.

From the results in Table 3, we developed simple e-
quation between the parameters with higher levels of sig-
nificance and the biomass of dominant species (Table 4) .
To estimate biomass, simple and multiple regression e-
quations were fitted to the data. Biomass (Y, ,3), the
dependent variable; was regressed on basal diameter
(X,) and canopy cover ( X,) as the independent vari-
ables.

Biomass equations with two statistical parameters
fitted to the However,

were standing  biomass.

the variable, height of sand mounds, was excluded in

Table 2 Plant species and average morphological characteristics of dominant species

Weight (g*plant™')

Height of Basal diameter

Total height

Canopy cover

Species sand mounds

” Above-ground Below-ground Cem* plant™") Cemeplant ™1 Cem®plant 1) o+ plant=")
Nitraria tangutorum 288.91£320.66  721.55+779.67 27.72+21.29 - 28.32+6.75 3.71+4.69
Calligonum mongolicum 34.69 +17.37 32.51+17.08 - 0.99+0.47 45.10+ 16.41 0.24+0.13
Haloxylon ammodendron 1 876.36 + 836.31 - - 2.93+1.04 221.59+£75.26 0.35+£0.21
Agriophyllum squarrosum 4.69+2.29 0.59+0.35 - 0.32+0.08 18.78 +6.81 0.11+0.06
Halogeton arachnoideus 6.24+4.26 0.70+0.49 - 0.35+0.17 11.72+3.75 0.09+0.06

Data are presented as means + SD

Table 3 Correlation coefficients between basal diameters total height, canopy cover and height of sand mounds with Nitraria tangutorum and biomass of species

Correlation coefficients

Species biomass Sand mounds at

Basal diameter

Total height

Canopy cover

height Ccm) Cem) Cem) Cem?®)

Nitraria tangutorum

Above-ground dry biomass, ADB (g) 0.711° - -0.002 0.868"

Below-ground fresh biomass, BFB (g) 0.810° - -0.099 0.918"

Total fresh biomass, TFB (g) 0.780* - -0.065 0.907*

Total dry biomass, TDB (g) 0.786" - -0.071 0.909°
Calligonuum mongolicum

Above-ground dry biomass(g) - 0.492¢ 0.033 0.949°

Below-ground fresh biomass(g) - 0.488°¢ 0.131 0.910°

Total fresh biomass(g) - 0.437¢ 0.078 0.967*

Total dry biomass(g) - 0.507¢ 0.051 0.922°
Haloxylon ammodendron

Above-ground dry biomass(g) - 0.790° 0.405 0.878"
Agriophyllum squarrosum

Above-ground dry biomass(g) - 0.851° 0.377¢ 0.704*

Total fresh biomass(g) - 0.849° 0.291 0.639*

Total dry biomass(g) - 0.853¢ 0.368° 0.694*
Halogeton arachnoideus

Above-ground dry biomass(g) - 0.791° 0.336¢ 0.883"

Total fresh biomass(g) - 0.807" 0.339¢ 0.785*

Total dry biomass(g) - 0.809° 0.315 0.888"

ar b and c represent significant correlation among variables at 0.001, 0.01 and 0.05, respectively
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N. tangutorun biomass equations due to the significance
of coefficients with p > 0.05 (p = 0.644) by multiple
stepwise regressions of SPSS. Consequently, the multiple
regressions equations of N. tangutorun including canopy
cover as independent variable were shown. The R and p
statistics were carried out to estimate the fitness of a re-
gression equation (Table 4). In all regression equations,
average R of the linear equation was 0.908. The p-val-
ues of the slop were less than 0.001. It was proved that

plant canopy cover and basal diameter could be used to

estimate the species biomass at the ODE in Mingin oasis.

To validate each regression equation, it was applied
to the prediction data set to predict biomass. Among the
equations, a better level of correlation between observed
and predicted biomass was showed ( R > 0.932, p <
0.001) in Table 4. For each of the best equations, the
relationship of correlation between observed and predicted
biomass was significant, indicating that the equations

made accurate predictions of independent data.

Table 4 Regression equations of biomass and results of analysis

Data statistics

Species Equations Estimation Prediction
R N F P R P

Nitraria tangutorum

ADB Y, =68.878 +0.005 932 X, 0.868 22 61.029 0.000  0.923  0.000

BFB Y, =328.636+0.033 781X, 0.918 22 107.271 0.000 0.952  0.000

TFB Y3=546.033+0.053 14 X, 0.907 22 92.606 0.000  0.983  0.000

TDB Y, =224.909+0.021 18 X, 0.909 22 95.382 0.000 0.978  0.000
Calligonum mongolicum

ADB Yi=-0.371+6.946X; +0.011 95X, 0.966 21 125341 0.000 0.993  0.000

BFB Yp= - 11.355+14.768 X, +0.022 84X, 0.929 21 56.956 0.000 0.985  0.000

TFB Y3=-14.218 +19.116X, + 0.053 91X, 0.974 21 164.913 0.000 0.976  0.000

TDB Yy=-0.865+15.524X, +0.022 34X, 0.944 21 73.749 0.000  0.994  0.000
Haloxylon ammodendron

ADB Y =501.709 +284.065X, +0.24 X, 0.903 22 41.885 0.000 0.917  0.000
Agriophyllum squarrosum

ADB Y= -3.348+20.230X, +0.001 453X, 0.906 33 69.004 0.000  0.954  0.000

TFB Y= -8.422+69.941X, +0.003 591X, 0.881 33 52.199 0.000 0.947  0.000

TDB Y;= -3.870+23.298X, +0.001 571X, 0.904 33 67.045 0.000 0.968  0.000
Halogeton arachnoideus

ADB Yi= -0.485+3.455X, +0.006 1.X, 0.885 35 57.983 0.000 0.936  0.000

TFB Y= -14.031 +118.501.X, +0.025 6 X, 0.827 35 34.693 0.000 0.949  0.000

TDB Yi= -0.653+5.179X, +0.006 36X, 0.893 35 63.227 0.000  0.953  0.000

ADB> BFD, TFB, TDB: See Table 3 X,: Basal diameter (cm)

3 Discussion

Monitoring the variance of biomass was an important
work for ecosystems, especially, for degrading ODE in
Minqin oasis. And it would be an easy work using
biomass equation. In this paper; equations for estimating
above-ground, below-ground and standing biomass were
developed by five typical dominant species of ODE in
Mingin oasis. Equations provided good statistics and
therefore they are recommended to make preliminary esti-
mates of biomass components.

Our results have proved that regression equations in-
cluding plant basal diameter Cexcluding N. tangutorum)
and plant canopy cover could give a good fit to the
biomass for dominant desert plant speciess as is shown in
Table 3. The R and p-value of predicted variance in
Table 4 can be used to compare and evaluate the predic-

tion accuracy of the biomass equations. The results indi-

X,: Canopy cover Cem?) Yi.2,3: Biomass (g)

cated the biomass was better correlated to the basal diam-
eter Cexcluding N. tangutorum) and canopy cover than
the total height, especially the canopy cover (Table 3).
The height variables show less correlation with the
biomass; which was corresponded with other results pub-
lished before ( Assaced, 1997: Riegelhaupt et al.,
1990; Padrén & Navarro, 2004). However, some works
showed plant height was a good fit to the biomass for the
tussock grasses of the Mendoza plain ( Guevara et al. »
2002). This could be due to :
the species of the studied biomass, and 2) the fact that

1) the difference between

the sample dimensions are different in both studies, which
could have an effect on the final equations ( Padron &
Navarro, 2004). In addition, we think plant would ex-
pand as possible as its canopy cover with basal diameter
growing to absorb adequately light resource using limited
water and nutrition in desert environment. Therefore, the

biomass were highly correlated with the basal diameter
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Cexcluding N. tangutorum) and canopy cover. The total
height was not significantly correlated with biomass of in-
dividual species. In general, the canopy cover was natu-
rally more variable than the basal diameter since it to a
greater extent was influenced by internal factors to stand
growth such as stand density and competition from neigh-
boring trees, and by external factors such as altitude, po-
sition on slope, climate variation, seasonal changes, wind
damage and atmospheric pollution (Bi et al., 2004).
Therefore; further researching are needed to confirm the
validity of equations for predicting biomass on different
sites.

In the present study, many relationships have been
developed for predicting biomass ( Hatton et al ., 1986;
Assaeeds 1997; Parresol, 1999; Navar et al ., 2002; Bi
et al ., 2004), but little on desert plant species. In this
papers above- and below-ground biomass of dominant
plant species can be estimated by regression equations,
which show R coefficients above 90% . Equations allow
for a fast estimation of the biomass of desert stand from
relatively simple inventories. In our study area, vegeta-
tion displayed a mosaic of patches with sparsely distribut-
ed drought-tolerant shrubs and herbaceous species.
Therefores; total biomass may be determined accurately
and conveniently using predicting equations of individual
species. Our equations provide valuable information for

predicting biomass and the change of biomass in ODE.
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