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Abstract 
Plant biomass is an important factor for determining arid and semi-arid rangelands medicinal plants 
capacity. The typical methods for measuring biomass are destructive and time-consuming. Thus, they do 
not allow the development of individual plants to be followed and they require many individuals to be 
cultivated for repeated measurements. Non-destructive methods do not have these limitations. Green 
biomass was estimated by using dimensional parameters including Canopy cover, length and wide of 
diameter and plant height. For each species, 50 flowering stage individual plants of different sizes were 
randomly selected. The data were analyzed by stepwise regression. The results showed that the dry 
biomass was significant positive correlations with canopy cover, plant volume, plant height, the length 
and width of diameters of Ziziphora clinopodioides and Origanum vulgare medicinal plants. The results 
of stepwise regression showed that just canopy cover and plant volume (canopy cover * height) were 
remained in the final model, so that 72% of biomass variations were explained by canopy cover and 
volume in both species. 
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1. Introduction 
Plant Production is an important factor for determining arid and semi-arid rangelands 
medicinal plants capacity. It is one of the central attributes in revenue plant ecology and 
growth analysis. Plant biomass is the key parameter in many allometric relationships [1, 2]. 
Repetitive measurements of Plant biomass are the fundament for the calculation of net primary 
production and growth rates, and thus a foundation for quantifying physiological responses of 
plants to environmental state and their dilation processes [3]. The vertical biomass distribution 
is noticed to be a principle assignment of competitive strong in plant species [4, 5]. 
The Clipping and weighing method for biomass determination of individual plants is to 
measure fresh biomass or the more commonly used oven-dried biomass after clipping [5, 6]. 
However, measurements of these attribute are slow, expensive, and destructive, and the 
monitoring of changes in biomass, which is essential to understand variable and allometric in 
plant species [7].  
In most of the researches, indirect methods may be selected over direct methods to obvious 
biomass because they are non-destructive and usually less time consuming. Indirect methods 
are graded on extending a relationship between plants weight and an easier to measure trait 
such as plant cover, height, or rainfall. One of the indirect methods is based on using many 
different traits depicting plant dimensions to obvious plant biomass that is known as 
dimensional analysis. Dimensional analysis is carried to confirm the regression relationship, 
with biomass as the dependent variable [8, 9].  
It is evident that a method of measuring production is admissible that has higher accuracy and 
integrity. Asad pour et al. [10] in assessing relationship between dry biomass of Sphaerocoma 
aucheri Boiss (Caryophyllaceae) and its vegetative characteristics showed that 77% biomass 
variation explained by plant cover percentage. There was similar relationship between these 
two variables in Patagonian steppe for Stipa speciosa, Stipa humilis and Poa ligularis [11] but 
the case was different for shrub species. Mokhtari Asl and Mesdaghi [12] investigated 
relationship between dry biomass on two species Salsola dendroides and Atriplex verrciferum 
and stated that in both species canopy cover was appropriate criterion to estimate yield. Arzani 
et al. [13] assessed the relationship between foliage cover and biomass in three different 
vegetation types including grassland, grass-shrub land and shrub land. They concluded that 
canopy cover in all species and foliage cover in most of the species had close, rational and 
acceptable relationship with biomass. 
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Ziziphora clinopodioides and Origanum vulgare belongs to 
Lamiaceae family and mainly distributed in the 
Mediterranean mountainous regions of Europe, Asia and 
Africa. These plants are two of the most important medicinal 
plants had been used in traditional medicine in natural sites of 
mountainous areas of Iran [14]. The aim of this study was to 
expand regression relationships between Ziziphora 
clinopodioides and Origanum vulgare biomass and plant 
dimensional variables to assess the possibility of providing 
applicable statistical models as indirect method of 
determining medicinal plants biomass.  
 
2. Materials and methods 
2.1. Study area 
The research region was located in arid rangelands of 
Bojnourd city in North East of Iran (North Khorasan 
Provinces). This area is situated between 37° 23' to 37° 36' 
North latitude and 57° 7' to 57° 15' East longitudes. The 
region is approximately 5300 hectares with elevation ranging 
from 1200 m to 1900 meter. The means of precipitation is 
295mm/year that maximum and minimum of precipitation 
occur in April and July respectively. The mean of annual 
temperature is 11.28 °C. The average maximum temperature 
is 26 °C in July and minimum temperature is -6.8 °C in 
January. The climate of this region with using of Emberger 
method is cold arid. The Embrothermic diagram show that 
drought period is for five months of year and wet season start 
in November and continues until May (Figure1). These plants 
generally prefer sandy loam texture, lime, alkaline pH and 
non-saline soils.  
 

 
 

Fig 1: Embrothermic curve in the study region. 

2.2. Data analysis 
To estimate the yield of Ziziphora clinopodioides L. and 
Origanum vulgare L. clipping and weighing method was 
employed. For each species, 50 flowering stage individual 
plants of different sizes were randomly selected. Canopy 
cover, length and wide of diameter and plant height were 
measured to the nearest centimeter. To determine the amount 
of current yield, the aerial part of plants were harvested. Any 
dead material from previous growing seasons was removed. 
Aerial parts of plants were oven-dried at 70°C for 2 days and 
weighed.  
The correlation coefficient between the measure of production 
and the dimensional parameters were tested for significance. 
For biomass evaluation, multiple regression equations were 
fitted to the data. Biomass (y), the dependent variable, was 
regressed on height, length and wide of diameter, canopy 
cover and plant volume as the independent variables. Best 
subset regression analysis was used to expand predictive 
equations for plant biomass. Models of regression were 
assessed using the coefficient of determination (R2) and 
Mallows’ Cp criteria. The R2 statistics rate the kindness of apt 
of a regression model. The Cp gives an index of bent in 
adapted response introduced by not including an essential 
independent variable in the model. Proper models have Cp 
values near to or less than the number of variables in the 
model [15]. All statistical analyses were performed using 
software's SPSS 17 and MINITAB 16.  
  
3. Results & Discussion 
A statistical summary of measured variables reflected the 
inherited differences among the two species (Table 1). Based 
on these accomplished studies, Origanum vulgare had the 
higher height, long diameter, short diameter, canopy cover, 
plant volume and biomass. The highest coefficients of 
variations were belonging to volume and production in both 
species. Large standard deviations were observed in canopy 
cover and individual plant production in both species. Such 
high variations are usually to be expected in natural 
vegetation [16] suggesting a need for more observations. 
However, all other measured variables have relatively low to 
moderate variability (Table 1). 

 
Table 1: Statistical summary of measured variables for Ziziphora clinopodioides and Origanum vulgare. 

 

Traits Name 
Ziziphora clinopodioides Origanum vulgare 

Mean SD CV Mean SD CV 
Height 29.55 7.12 24.11 50 8.10 16.2 

Long Diameter 29.66 5.45 18.38 48.53 17.92 36.93 
Short Diameter 22.44 5.41 24.1 32.41 9.66 29.81 
Canopy cover 537.28 202.89 37.76 1334.27 789.03 59.14 

Canopy cover * Height 16454.47 9075.55 55.15 70129.36 48938.86 69.78 
Production 17.11 7.24 42.319 30.14 20.49 67.97 

 
The correlations between attributes are shown in Table 2. 
Plant biomass were significantly correlated (p<0.01) with 
plant height, long diameter, short diameter, canopy cover and 
canopy cover * height in both species. The highest correlation 

between of Ziziphora clinopodioides and Origanum vulgare 
species biomass and other variables was related to the canopy 
cover* height and canopy cover respectively.  

 
Table 2: Pearson correlation between traits for Ziziphora clinopodioides and Origanum vulgare 

 

Variables Species Pearson correlation 

Height Ziziphora clinopodioides 
Origanum vulgare 

.664** 

.694** 

Long Diameter Ziziphora clinopodioides 
Origanum vulgare 

.679** 

.841** 
Short Diameter Ziziphora clinopodioides .673** 
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Origanum vulgare .748** 

Canopy Cover Ziziphora clinopodioides 
Origanum vulgare

.704**

.849**

Canopy cover * Height Ziziphora clinopodioides 
Origanum vulgare 

.853** 

.846** 
**= Significant at 1% probability levels 

 
The results of stepwise regression are shown at table 3. 
Regression equations using canopy cover* height and canopy 
cover as predictors of plant biomass exhibited the best fit 

models in these species, so that 72.2% biomass variation can 
be explained by canopy cover* height and canopy cover in 
both species.  

 
Table 3: Results of stepwise regression in final models for biomass as dependent variable and other traits as independent variables 

 

Species Model Regression Coefficient T Test 

Ziziphora clinopodioides Intercept 
Canopy cover * Height 

2.445 
0.01 

2.262* 
8.78** 

Origanum vulgare 
Intercept 

Canopy cover 
1.991 
0.021 

0.61ns 
8.04** 

Ns= not significant and *, **= Significant at 5% and 1% probability levels, respectively 
 
The results of best subset regression indicated that single 
variable is not generally enough for predicating weight of the 
two species and multivariate regression will have better 
explanatory power (Table 4). Despite the relatively high 
coefficients of determination when either canopy cover or 
plant volume (canopy cover* height) were used in the 
predicting model of Origanum vulgare biomass (R2 = 72·1, 
71·5, respectively), Cp values were relatively low (-1 and -
0·5, respectively). Similarly, a high coefficient of 
determination was associated with a low Cp value (R2 = 72·7, 

Cp = 0·4), by using plant volume (canopy cover* height) as a 
weight predictor for Ziziphora clinopodioides (Table 4). 
Canopy cover alone explained only 49.6% of the variation in 
Ziziphora clinopodioides biomass with a high Cp value. As it 
can be seen, between all five variables, plant volume had the 
highest R2 and the lowest Cp that is representative of 
explanatory power of the variable in both species (Table 4). 
So plant volume can be considered as the best predicator of 
biomass. Therefore, no single variable would likely be useful 
in predicting plant biomass in any of the two species.  

 
Table 4: The results of best subset regression for selecting the best predicators 

 

Variables 

Ziziphora clinopodioides Origanum vulgare 

Height 
Long 

Diameter 
Short 

Diameter 
Canopy 

cover 

Canopy 
cover * 
Height 

CP R2 Height 
Long 

Diameter
Short 

Diameter 
Canopy 

cover 

Canopy 
cover * 
Height 

CP R2 

1     X 0.4 72.7    X  -1 72.1

1    X  23.6 49.6     X -
0.5 71.5

2    X X 1.9 73.2  X   X 0.1 73.3
2 X    X 2 73.1    X X 0.5 72.8
3   X X X 3.3 73.9  X  X X 2 73.4
3 X  X  X 3.7 73.4  X X  X 2.1 73.4
4  X X X X 4 75.1  X X X X 4 73.4
4 X  X X X 5.2 73.9 X X  X X 4 73.4
5 X X X X X 6 75.1 X X X X X 6 73.4

 
Biomass is considered as an essential indicator of ecological 
and management processes in the vegetation. Harvesting is a 
much slower and more expensive technique. Uresk et al. [9] 
evaluated that clipping Artemisia tridentata phytomass was 
120 times more expensive than using dimensional analysis. 
Dimension measurements of biomass are non-destroyer 
methods and necessitate little educating and time to apply. 
Therefore dimensional analyses to assign plant weight have 
recently acquired increasingly regards. Easily deliberate 
crown diameters and heights were successfully used to 
evaluate phytomass of Ziziphora clinopodioides and 
Origanum vulgare species. The high values of R2 show that 
both volume and canopy cover are good predictors of 
aboveground biomass in these species.  
Similar researches have been carried out in rangelands having 
natural vegetation treatment with several species. Wilson and 
Tupper [17] stated that canopy cover due to easy and quick 
measurement can be used as an indicator of biomass. Uresk et 
al. [9] and Thomson et al. [18] obtained dimension 
measurements and biomass data from shrub plants and then 
established regression equations for estimating aerial biomass 

from plant volume. Ghasemi Aryan et al. [19] introduced plant 
volume as the best parameters to estimate yield of Artemisia 
sieberi. Kargar et al., [20] states that evaluated relationship 
among yield to big, small diameter, average canopy diameter 
and canopy percent of Artemisia aucheri using regression. 
They carried out that small diameter, mean diameter, area and 
canopy cover percent have close and reasonable relationship 
but there was not significant relationship between big 
diameters to yield. Froghbakhash et al., [21] dealt with 
relationship between yield and canopy cover using regression 
analysis which their final results are in line with relationship 
between yield and canopy cover. Application of plant canopy 
volume model was among the techniques which were used to 
estimate Alfalfa (Medicago sativa) Biomass [22]. With 
concentrations to stout correlation between the biomass and 
the canopy cover and volume, this ability in general can help 
to estimate medicinal plant biomass and capacity as a non-
destructive method. 
 
4. Conclusion 
Origanum vulgare is widely recognized as a very whirling 
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plant with many curative functions (diaphoretic, carminative, 
antispasmodic, antiseptic, tonic) being used in traditional 
medicine systems in many countries and Ziziphora 
clinopodioides have been used as antiseptic, carminative and 
sedative agent to treat cold, flu, cough, stomach ache and 
diarrhea. The results of the correlations between attributes 
indicated that Plant biomass were significantly correlated 
(p<0.01) with plant height, long diameter, short diameter, 
canopy cover and volume (canopy cover * height) in both 
species. The highest correlation between of Ziziphora 
clinopodioides and Origanum vulgare species biomass and 
other variables was related to the canopy cover* height and 
canopy cover respectively.  
 
5. References 
1. West GB, Brown JH, Enquist BJ. A general model for the 

structure and allometry of plant vascular systems. Nature. 
1999; 400:664-667. 

2. Niklas KJ, Enquist BJ. On the vegetative biomass 
partitioning of seed plant leaves, stems, and roots. 
American Naturalist. 2002; 159:482-497. 

3. Tackenberg O. A new method for non-destructive 
measurement of biomass, growth rates, vertical biomass 
distribution and dry matter content based on digital image 
analysis. Annals of Botany. 2007; 99:777-783. 

4. Tilman D. Plant strategies and the dynamics and structure 
of plant communities. Princeton, NJ: Princeton 
University Press. 1988. 

5. Schwinning S, Weiner J. Mechanisms determining the 
degree of size asymmetry in competition among plants. 
Oecologia. 1998; 113:447-455. 

6. Cornelissen JHC, Lavorel S, Garnier E, Dıaz S, 
Buchmann N, Gurvich DE. A handbook of protocols for 
standardised and easy measurement of plant functional 
traits worldwide. Australian Journal of Botany. 2003; 
51:335-380. 

7. Weiner J. Allocation, plasticity and allometry in plants. 
Perspectives in Plant Ecology and Systematic. 2004; 
6:207-215. 

8. Ludwig JA, Reynolds JF, Wshitson PD. Size-biomass 
Relationships of Several Chihuahua Desert Shrub. The 
American Midland Naturalist. 1975; 94:451-461.  

9. Uresk DW, Grilbert RO, Richard WH. Sampling Big 
Sagebrush for Phytomass, Journal of Range 
Management. 1977; 30:311-314. 

10. Asadpour R, Bagheri R, Beheshtirad M, Najafi Tire 
Shabankar K. Assessing feasibility of biomass estimation 
of Sphaerocoma aucheri Boiss. using some vegetative 
characteristics. Journal of Rangeland. 2011; 5(4):344-
351. 

11. Flombaum P, Sala OE. A nondestructive and rapid 
method to estimate biomass and aboveground net primary 
production in arid environments. Journal Arid 
Environments. 2007; 69:352-358. 

12. Mokhtari Asl A, Mesdaghi M. Estimation two shrubs 
yield Atriplex veracciferum and Salsola dendroides by 
some parameters like canopy cover and volume. 
Research and Progress in Natural Resources. 2007; 
77:141-147. 

13. Arzani H, Basseri M, Dehdari S, Zare Chahooki MA. 
Relationships between canopy cover, foliage cover and 
basal cover with production. Iranian Journal Natural 
Resources. 2008; 619:763-773. 

14. Mozaffarian V. A dictionary of Iranian plant names. 
Farhang Moaser Publishers. Tehran, Iran. 1998, 547. 

15. Mesdaghi M. Regression methods for agricultural and 

natural resources researches. Astan Ghods Razavi press, 
Iran. 2005, 290. 

16. Avery TE. Natural resources measurements (2nd 
Edition). New York: McGraw Hill. 1975, 339. 

17. Wilson AD, Tupper GJ. Concepts and factors applicable 
to the measurement of range condition. Journal of Range 
Management. 1982; 35:648-689. 

18. Thomson EF, Mirza SN, Afzal J. Predicting the 
components of aerial biomass of Fourwing Saltbush from 
Shrub Height and Volume. Journal of Range 
Management. 1998; 51:323-325. 

19. Ghasemi Aryan Y, Arzani H, Filekesh E, Yari R. 
Estimating the production of Artemisia siberi through the 
measurement of plant’s dimensions (Case study: 
southwest Sabzevar). Iranian Journal of Range and 
Desert Reseach. 2013; 20:1-10. 

20. Kargar M, Jafarian Z, Ghorbani J. Estimation yield 
Artemisia aucheri using canopy cover dimension, the 2th 
international congress climate change and tree phenology 
in Meditreanean ecosystem. 2010. 

21. Foroughbakhch R, Reyes G, Alvarado-Vazquez MA, 
Hernandes-Pinero J, Rocha-Estrada A. Use of quantitive 
methods to determine leaf biomass on 15 woody shrub 
species in Northeastern Mexico. Forest Ecology and 
Management. 2005; 16:359-366. 

22. Misar CG, Xu L, Boe A, Gates RN, Johnson PS, Olson 
AE. Validation of a technique for estimating Alfalfa 
(Medicago sativa) biomass from canopy volume. 
American Journal of Plant Sciences. 2016; 7:238-245. 


