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ABSTRACT 

Studies were conducted on the dynamics of live, standing recent 

dead, and standing old dead herbage for a desert grassland site in the 

southwestern United States. Data were collected at eleven sample dates 

from August 24, 1979 to October 18, 1980. 

Coefficients of variation for biomass data for most species 

exceeded 400% with only the most abundant species sampled with coeffi

cients ofvariation less than 100%. Coefficients of variation generally 

were less than 80% for the perennial grasses as a group. 

The mean rate of transfer of biomass from live herbage to stand

ing recent dead herbage was 0.21% per day for 203 days when expressed as 

a percentage of the peak live herbage. A rate of transfer of 0.53% per 

day of live herbage to standing dead for 109 days for perennial grasses 

in the desert grassland was found during early vegetative growth. A 

high proportion of leaves to culms was present during this period as 

compared to the summer growing season. 

Heavy precipitation in the early part of September accelerated 

growth of live herbage, and also accounted for losses of standing recent 

dead and standing old dead herbage to the surface litter component. 

The loss of dry leaves from standing grass culms due to rainfall impact 

contributes to an underestimate of net primary production. Standing 

old dead biomass accumulated following the depression in September. 
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Transformation of the recent dead herbage to an appearance of old dead 

late in the summer also contributed to underestimating of current year 

production based on peak crop method due to the identification of recent 

dead herbage as part of the old dead component. 

Summation of growth increments by sample periods provided the 

highest estimate of aboveground net primary productivity when compared 

to estimates based on peak standing crop, summation of species peaks, 

and summation of significant growth increments by sample periods. Esti

mates of net productivity were 186% of the estimate at peak standing 

crop. Estimates of net production based on significant growth incre

ments by sample periods yield the lowest value for net production, 

because poor precision of samples restricted data to few significant 

values. 

Based on the peak periods for standing biomass of lifeform 

groups, a minimum of four sample dates are recommended to estimate 

aboveground net primary production for semidesert grassland in south

eastern Arizona. These sample dates include: (1) late April to sample 

spring peaks by perennial grasses, annual forbs and annual grasses; 

(2) late June to capture the spring trough; (3) late September to 

sample peak crops of perennial forbs, and half-shrubs; and (4) mid to 

late October to sample the fall peak for perennial grasses. 

Net production estimates by the peak crop method for perennial 

2 2 
grasses varied from 18.7 g/m in 1979 to 86.1 g/m in 1980. This vari

ability was attributed to the differences in the amount of rainfall in 



xii 

1979 and 1980. This factor, therefore, largely influenced the repeat

ability of biomass estimates from one year to another. 

The large amount of time (approximately 644 man-hours) needed 

to sample and separate live and dead components by species for 20 

quadrats at each harvest date, together with the year-to-year variability 

and the need for a minimum of four sample dates to effectively sample the 

desert grassland community, makes biomass data impractical for general 

use as a data base'in land-use planning. However, this effort should 

be looked at from the standpoint of research studies describing the 

dynamics of range systems based on temporal characteristics and transfer 

functions to provide data which can help design management strategies 

for these range ecosystems. 



INTRODUCTION 

There have been numerous reports of herbage production based on 

peak standing crop of biomass for the desert grass-shrub region in the 

southwestern United States (Griffiths, 1910; Campbell, 1931; Ca'uic, 

1975; and Martin, 1975). McLaughlin (1978) and Whittaker (1975) as

serted that herbage production is a realistic and most fundamental 

characteristic of an ecosystem, and both authors agree that biomass or 

production are good indicators of the influences of environmental charac

teristics, notably nutrients, water availability and temperature. 

Herbage production is highly variable and measurements are time-

consuming. There are many causes for these variations. Several authors 

have established that most of the rangeland in the desert grass-shrub 

region of the Southwest have declined in herbage production in the past 

hundred years. Griffiths (1910), Campbell (1931) and Humphrey (1958) 

ascribed the causes for the decline of perennial grasses on the ranges 

to change of climate, grazing by domestic livestock, shrub competition, 

rodents, and removal of fire from the system. These factors have con

tributed to spatial variation in vegetation. Other sources of variation 

in measuring herbage yield arise due to differences in microsites, the 

diversity of species populations and the nature of species distribution 

in the community, all contributing to high non-treatment (unexplained) 

sources of variation. 

1 
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Another major source of variation when estimating herbage yields 

is seasonal change throughout the year. The study of this aspect of 

variation is the subject of this dissertation. The conventional method 

of arriving at herbage production estimates from a single harvest at 

peak standing crop of biomass underestimates aboveground net primary 

production (ANPP) because individual species reach peak production at 

different times and losses occur differently by detachment of plant 

parts for each species throughout the year. In order to evaluate losses 

associated with productivity estimates, different methods of calculating 

ANPP are evaluated in this study conducted at the Santa Rita Experimental 

Range in southeastern Arizona on a Comoro soil site. 

The major purpose of this dissertation is to describe the sea

sonal growth characteristics of a desert grassland community and utilize 

seasonal biomass measurements as the data base for estimating ANPP. 

Information on seasonal biomass dynamics can be utilized in effectively 

planning grazing systems, determining appropriate sample dates to effec

tively sample the vegetation; and accurate evaluation of ANPP contributes 

information to establish grazing capacities. 

The specific objectives of this dissertation are (1) determine, 

in a pilot study, the variation associated with desert grassland vegeta

tion and time requirement to sample this vegetation with reasonable 

confidence limits; (2) determine seasonal changes in the aboveground 

biomass of individual species, excepting tall shrubs and succulents, 

separated as live, standing recent dead and standing old dead herbage; 
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(3) depict monthly precipitation patterns along with biomass data at 

seven sampling dates for making inferences on the general relationship 

between precipitation and herbage production; and (4) evaluate net 

aboveground primary production according to five methods of computation 

and evaluate differences among these methods with reference to the peak 

standing crop normally used for estimating ANPP. 

Net primary production is defined as the amount of organic 

matter created or energy bound per unit surface area per unit time (g/ 

2 2 
m /yr or kcal/m /yr) that is left after respiration (Whittal-er, 1975). 

Aboveground net primary production refers to the top growth per unit 

area per unit time. The standing crop of biomass (expressed as kg/ha, 

2 
t/ha or g/m ) (McLaughlin, 1978) is the weight of the plant material 

present in the system at a given instant of time (Singh, Lauenroth and 

Steinhorst, 1975) . 

By sampling standing crop at various periods throughout the year, 

based on phenological events, it is possible to evaluate and describe 

seasonal variations in the standing crop of biomass and provide better 

estimates of ANPP than attained by a harvest at peak standing crop. 

Thus, measurements of seasonal changes of standing crop of live herbage 

(LH), standing recent dead herbage (SRDH), standing old dead herbage 

(SODH) and live plus standing recent dead herbage (LH + SRDH) by indivi

dual species and species groups facilitates the understanding of biomass 

dynamics and provides a general understanding of the amount of energy 

and matter available for transfer from one component to another as well 



as from the primary producer to primary consumer antl decomposer levels 

(Odum, 1971; Uresk, 1972). 

Working definitions for three of the components mentioned above 

were established prior to the time of the collection of the data. The 

live herbage (LH) was defined as the green material that is actively 

growing. The material that went into senescence, that showed a straw-

color, and that originated from the current-year growth was designated 

as standing recent dead herbage (SRDH). The material having a grayish, 

weathered appearance was considered to represent previous-year growth and 

was designated as standing old dead herbage (SODH). Further restriction 

was imposed on the standing old dead herbage prior to data collection 

in the field in that plants that were devoid of current-year growth were 

considered as surface litter instead of standing old dead herbage. 



LITERATURE REVIEW 

Several techniques are available to estimate aboveground net 

primary productivity (ANPP), but the most commonly used method is the 

single harvest technique. In this method, the ANPP is measured by 

harvesting and weighing total weight at the end of the growing season. 

In general, direct measurement of ANPP by single harvest techniques is 

known to underestimate ANPP, since death and shedding as well as con

sumption are neglected during intervals between measurements (Kelly, Van 

Dyne and Harris, 1974). 

Net Production by Harvest Methods 

Wiegert and Evans (1964, p. 56) criticized the estimate of "yield" 

obtained from sampling the peak standing crop as being an underestimate 

of net aboveground production. They concluded from their study in 

southern Michigan that ". . .the production estimate increased 22% by 

considering the peak standing crops of each species separately, as op

posed to a value for the peak standing crop of the vegetation as a 

whole." 

For the estimation of ANPP, other than from the single harvest 

of peak standing crop at the end of the growing season, two approaches 

have been used by researchers for sampling herbage yield throughout the 

year. These approaches include the "paired-plots method" of Wiegert and 

Evans (1964) including the "modified method" of Lomnicki, Bandola and 

5 
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Jankowska (1968) and the "single plot" method used by Pearson (1965), 

Golley (1965), Kelly et al. (1974) and Singh et al. (1975). 

Wiegert and Evans (1964) studied net production by measuring the 

disappearance rate of standing dead herbage in a "paired-plots method." 

Their assumption was that the disappearance rate was the same in the 

absence or presence of live herbage. The "modified method" by Lomnicki 

et al. (1968) took the presence or absence of live herbage into account. 

This method consisted of leaving the live herbage on the first plot at 

time t to permit its normal growth and death, and removing of live 

herbage from the second plot at time t^ to indicate the differential 

effect of the absence of live herbage to the standing dead herbage com

ponent. Thus, the disappearance rate of standing dead herbage as deter

mined by the Wiegert and Evans method and the corresponding values 

obtained by the modified method were different (Lomnicki et al., 1968). 

In the second approach, Pearson (1965), Golley (1965), Kelley 

et al. (1974) and Singh et al. (1975) sampled herbage throughout the year 

from single plots (unpaired plots). Pearson (1965) estimated net primary 

production for a desert grassland community of eastern Idaho. Golley 

(1965) studied net production for a Broomsedge community in South 

Carolina. Singh et al. (1975) assessed net primary production from data 

collected from ten widely distributed U.S. grassland communities, using 

thirteen methods. Kelly et al. (1974) compared three methods of assess

ing productivity for different grassland communities in Montana. 

McLaughlin (1978) studied the productivity of the understory vegetation 
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in a southwestern ponderosa pine forest. This method involves harvest 

of single plots in a destructive sampling process, to which the restric

tion is placed that no single plot is harvested twice. This is the 

sampling adopted in this dissertation. 

Water Supply and Seasonal and 
Annual Changes of Biomass 

Plant species responses to seasonal patterns of precipitation 

have not been studied extensively. Britton, Dodd and Weichert (1978) 

and Uresk, Sims and Jameson (1975) related changes in net aerial pro

duction to changes in environmental factors throughout the year. 

Britton et al. (1978) reported that the best two variables relating to 

net aerial production were photosynthetic active radiation and soil 

water deficit, which accounted for 75% of the variation in net aerial 

production in the Andropogon-Paspalum grassland ecosystem in east 

central Texas. Uresk et al. (1975) also found that the amount of live 

herbage, leaf moisture and air temperature influenced the rates of 

growth of blue grama (Boutelua gracilis) in the short grassland plains 

in Colorado. 

Several studies have been made on year-to-year variations of 

precipitation in relation to peak standing crop of herbage biomass. 

Cable (1975) studied the influence of precipitation on perennial grass 

production at the Santa Rita Experimental Range in southern Arizona. 

He concluded that 64 to 91% of the year-to-year variation in native 

perennial grass production could be accounted for by variations in 
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June-September rainfall of the previous year and rainfall of the current 

August. Production measurements were based on single harvests at the end 

of the growing season. Ogden and Smith (1978) also reported on response 

of perennial grasses to seasonal precipitation for the Santa Rita Range 

where herbage production and seasonal precipitation were expressed as 

percentage of the mean. On the Santa Rita Experimental Range, Martin 

(1975) reported that production of perennial grasses varied from 17 to 

498 pounds per acre where the summer rainfall ranged between 7.4 to 10.8 

inches during 1954-1968. The relationship of peak standing crop of bio-

mass with precipitation also was documented by Dahl (1963), Sneva and 

Hyder (1967), Smoliak (1956) and LeHouerou and Hoste (1977). 

Biomass measurements include seedling growth as well as regrowth 

from stems or stem bases. Cable (1971, p. 121) examined and measured 

adventious and top growth of seedlings of Arizona cottontop (Trichachne 

californica) at temperatures which varied from 27 C at night to 38 to 40 

C during the hottest part of the day. Leaf blades developed at the rate 

of one every 3 days and "by the twentieth day, six leaf blades, five 

sheaths and two internodes were fully elongated and the next two higher 

blades, sheaths, and internodes were elongating." Cable (1971, p. 121) 

observed that the root system developed at about the same time as the 

leaves. "By the time seedlings were 3 to 4 weeks old, the full comple

ment of adventious roots (usually four or five) had appeared. Starting 

at about 4 weeks of age, adventious roots began to appear on first and 

second order basal tillers, and a maximum of 12 such roots were found on 
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3-month old plants." Seedling growth of _T. califomica, one of the most 

frequent species in my study site, contributes to the total herbage pro

duction during times of favorable rainfall. 

With respect to the growth habit of _T. californica. Cable (1971) 

observed that plants greened up early in the spring or late in winter, 

in spite of its being a warm-season species. After being dormant during 

the dry period before summer, plants resumed growth in the summer from 

rains from the same culms which already began growth in the spring. It 

can be inferred from this observation that cotton-top contributes to 

spring season production. 

Glendening (1941), studying the development of seedlings of 

Heteropogon contortus at the University of Arizona in southern Arizona, 

found that soil moisture had a greater effect upon the plants than com

petition and soil moisture appears to be a major controlling factor 

affecting survival under range conditions. 

Emphasis in this literature review has been made on water supply, 

since it is the major determinant factor in the desert grassland commu

nity (Pearson, 1965), with regards to seedling and plant growth. In 

specific situations, other site factors also can be relatively important. 

Transfer of Energy and Matter 

Changes in biomass of the individual species follows the seasonal 

variations in habitat factors. Seasonal variation in standing crop of 

biomass of various grasses have been investigated by Uresk (1972), 

Britton (1975), Singh (1968), Pearson (1965), :and Sims, Lovell and 

Hervey (1971). 
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As there is a transfer of energy and matter from one part of a 

plant to another taking place during the life span of the individual 

plant, there is a transfer of energy and matter from live to standing 

recent dead to standing old dead herbage. Investigations have been made 

with respect to defining such processes for rangelands. Uresk (1972) 

described in a flow model the herbage production dynamics of blue grama 

grass (Bouteloua gracilis) on the Pawnee National Grassland and the 

Central Plains Experimental Range in Colorado. Uresk (1972) found that 

the transfer rate of the live to dead herbage over 150 days during the 

growing season was approximately 0.22% of the live herbage per day. The 

transfer rate of dead herbage to the litter component was approximately 

0.31% of the dead herbage per day for 150 days. Uresk (1972) described 

the transfer rate of live herbage to dead herbage as a function of 

temperature, desiccation of the plant and the amount of live tissue pres

ent. The litter accumulation was a function of moisture, temperature and 

trampling. 

The identification of system components and determination of 

transfer rates between components of herbage biomass helps to visualize 

the functioning of the system and helps to interpret research data and 

show needs for further research. 



METHODS 

Description of the Study Area 

Location 

The study area is located on the Santa Rita Experimental Range 

in the SE h, Section 16, T 18 S, R 15 E of the Gila and Salt River Base 

and Meridian. The Santa Rita Experimental Range is located approximately 

30 miles south of Tucson. The two study sites at the Santa Rita Experi

mental Range are located in Pasture 6B, adjoining the western slope of 

the Santa Rita Mountains at an elevation of 1135 m. Pasture 6B has been 

lightly grazed in the past. The study area in this pasture consists of 

two sites, one on the Comoro soil series (Site 1), and one on the Sonoita 

soil series (Site 2). Site 1 is located 250 m from the eastern Santa 

Rita boundary fence, approximately 200 m north of Exclosure 22. Site 2 

is located about 500 m southeast of Exclosure 22. 

Geology and Soils 

The soil series on which the study was done are mapped as Comoro 

sandy loam at 0 to 10% slope and Sonoita gravelly sandy loam at 1 to 8% 

slope. The Comoro soil series is mapped as Comoro sandy loam, classified 

as coarse-loamy, mixed, thermic, Typic Torrifluvent. The Sonoita soil 

series is mapped as gravelly sandy loam classified as fine, mixed, thermic, 

Typic Haplargid. The Comoro series soil is well drained, with moderately 

rapid or rapid permeability, and is moderately alkaline and calcareous 

11 



through the profile. The soil is formed on recent alluvial fans con

taining alluvium derived from the rocks of the Santa Rita Mountains 

(Richardson, Clemmons and Walker, 1979). The Sonoita soil is formed on 

fan or terraces of 0 to 5% slope from old alluvium derived from granite 

and related acid igneous rocks also from the Santa Rita mountains 

(Richardson et al., 1979). Runoff is greater from the Sonoita than for 

the Comoro soils because of the coarse-textured subsoil of the latter. 

The two sites cover extensive areas. 

Site 1 (the Comoro series) is categorized as a sandy loam and 

Site 2 (the Sonoita series) as loamy upland range sites in a 12 to 16 

in. precipitation zone (Richardson et al., 1979). Both study sites are 

in the same precipitation zone, but differ iii sub-surface texture of the 

soils. 

Climate 

The climate of the Santa Rita Experimental Range is semi-arid 

with precipitation characterized by two distinct rainy seasons (Martin 

and Reynolds, 1973). Precipitation extremes at the Santa Rita Experi

mental Range have varied from less than 10 inches (25 cm) to over 30 

inches (75 cm) per year. At Pasture 6B, where the study is located, 

precipitation averaged over a 14-year period was 13.79 inches (35.9 cm) 

and for a 53-year period was 13.84 inches (35.2 cm) at the Limestome 

and Huerfano rain gauge locations, respectively (Table 1). The perma

nent rain gauges are located about h mile west (Limestone) and 1 mile 

south (Huerfano) of the study sites. Cable (1975) reported that 60% of 



Table 1. Long-term mean monthly precipitation data from two 
locations in Pasture 6B at the Santa Rita Experi
mental Range in southern Arizona.^ 

Locations 

Huerfano 53-year Limestone 14-year 
Month Average (1925-1978) Average (1964-1978) 

(cm) 

January 2.26 2.00 

February 2.34 1.78 

March 1.99 2.29 

April 0.83 0.76 

May 0.10 0.30 

June 0.93 0.76 

July 7.89 7.95 

August 7.50 7.23 

September 4.01 3.79 

October 1.94 2.96 

November 2.20 2.09 

December 3.08 4.01 

Annual Mean 35.17 35.92 

1. Data are adapted from meteorological records for Santa 
Rita Experimental Range, Forest, Service, U.S.D.A. 



14 

rainfall at the Santa Rita Experimental Range falls during the summer 

growing season, early July till late September; most of the rest falls 

during the winter rainy season from December through April. 

Temperatures at the Santa Rita Experimental Range vary from 

freezing in winter, mainly overnight, to over 100 F in midday in summer 

(Martin and Reynolds, 1973). The frost-free period is about eight 

months. Humphrey (1958) reported that potential evaporation at the 

Santa Rita Experimental Range averaged 109 inches for a 14-year period. 

High temperatures, low relative humidities and high wind speed account 

for the high evaporation rate. 

Plant Communities 

A list of species prevalent at the study site is presented in 

Appendix Table A.l, with nomenclature according to Kearney and Peebles 

(1969) . Data from Exclosure 22 on the Comoro soil site represents the 

plant community when protected from livestock grazing. Percentage fre

quency of occurrence in 40 cm x 40 cm quadrats for the most common spe

cies in Exclosure 22, located 250 m from the study Site 1, were as 

follows. For the grasses, Bouteloua filiformis showed 29.6%, Trichachne 

californica 18.7% and Bouteloua eriopoda 19.6%. The perennial forb, 

Boerhaavia coccini, was 9.5%, and the half-shrub Haplopappus tenuisectus, 

showed a 1.6% frequency (Dale Fox, 1981, personal communication). 

Table 2 presents percentage frequency and relative frequency 

data based on one meter square quadrat from the study site at the Comoro 

soil site located 250 m northeast of Exclosure 22. Frequency data were 
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Table 2. Frequency of occurrence of the individual species and 
relative frequency at the Comoro soil site on September 
sample date in 1980 (n = 20, .50 x 2 m plots). 

Species Frequency % Relative Frequency % 

Perennial Grasses 

Aristida ternipes 65 8 
Bouteloua filiformis 70 9 
Bouteloua eriopoda 5 3 
Bouteloua rothrockii 45 7 
Heteropogon contortus 45 7 
Muhlenbergia porteri 10 1 
Trichachne cali'fornica 80 10 
Seteria macrostachya 10 1 

Perennial Forbs 

Allionia incarnata 35 4 
Boerhaavia coccini 60 8 
Carlowrightia arizonica 0 0 
Euphorbia pediculifera 40 5 
Croton corymbulosus 0 0 
Sida procumbens 35 . 4 

Annuals 

Amaranthus palmeri 25 3 
Eriogonum polycladon 15 2 
Kallstroemia grandiflora 85 11 
Panicum arizonicum 80 10 
Tidestroemia languinosa 5 6 

Half-Shrubs 

Haplopappus tenuisectus 4 3 
Gutierrezia sarothrae 0 0 

Total 100 
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recorded from the September sample date, since most perennial grasses, 

summer annual forbs and grasses, perennial forbs, and half shrubs had 

reached their maturity, facilitating identification. However, the Sep

tember sample date missed the spring annual forbs and grasses. 

Pasture 6B, which contains the study sites, was grazed March to 

October of 1978, rested from November 1978 to October of 1979, and grazed 

again from November 1979 to March 1980. However, the study Site 1 in 

pasture 6B was fenced prior to grazing in 1980 in order to eliminate 

livestock during the study period. No provisions were made to exclude 

rabbits and rodents. 

Experimental Approach 

Sampling Design 

Twenty transects 30 m in length, each representing a replicate, 

were laid out perpendicular to a base line aligned in the northwest to 

southeast direction at Site 1 (the Comoro soil series) and in the north-

south direction at Site 2 (the Sonoita soil series). The transects were 

spaced six meters apart along the base line. 

2 
Fifteen (50 cm wide x 200 cm long (1 m )) quadrat positions were 

located on each transect at 2-meter intervals. Based on phenological 

stages of growth, herbage yields were clipped at ground level for a total 

number of 11 sampling dates, with quadrat location for each sample date 

randomly selected from each of the 20 transects. The 20 transects con

stituted the replications at each sampling date. A total of 40 plots 

were clipped at each sampling date from the two sites from August until 
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October 1979, after which efforts were concentrated at Site 1 only. At 

each sampling date, the narrow width of the quadrats was aligned with 

the transect. 

In sampling for herbage yield, the approach suggested by Van 

Dyne, Vogel and Fisser (1963) was used in that the plot shape should be 

long and narrow rather than round or square. No plot was harvested more 

than once, and the harvest method was used to sample biomass separately 

by species at each sampling date. Each species on a plot was placed in 

a paper bag and later was separated into live (LH), standing recent 

dead (SRDH) and standing old dead herbage (SODH) components. For the 

half-shrubs, the current year's growth was designated as live, last 

years growth as recent dead and dead plus oid live stems as standing old 

dead. 

Following the definitions assigned to the components pertinent 

to my dissertation, a flow chart was constructed to depict the direction 

of biomass flow between components and trophic levels based on the compo

nents of the primary producers under study and other trophic levels that 

are an integral part of the system, but were not studied in my study. 

As illustrated in Figure 1, the standing live herbage crop fixed by the 

green plants through the photosynthetic processes transforms to standing 

recent dead, to standing old dead herbage and finally to the surface 

litter component. Figure 1 also depicts the direction of transfer of 

biomass from primary producer to primary consumers and to decomposer 

levels. This flow diagram aids in designing future research to develop 

transfer functions with their appropriate coefficients. 
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SOM 

C+OHU 

SRDH 

LH 

ATM. 
CO2 ,N2 etc. 

ANPP= Above ground primary production. 
LH = Live herbage. 

SRDH= Standing recent dead herbage. 
SODH = Standing old dead herbage. 

C+OHU= Cattle plus other herbivore uses. 
LBA= Litter biomass accumulations. 
SOM = Soil Organic matter content. 

Figure 1. Flow chart representing components of a range ecosystem and 
the direction of transfer of hiomass and nutrients to the 
different components. 
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A maximum number of 30 plant species in the community were 

sampled for ANPP, with the exception of tall shrubs such as Prosopis 

juliflora. Acacia greggii; and succulents such as Ferocactus wislizeni 

and Opuntia spp. were excluded. Mormon tea (Ephedra trifurca) which 

also occurred at the study site, was not sampled. Notes were taken on 

phenological stages at all sample dates and on regeneration by seeds of 

the perennial grasses, forbs, and shrubs in spring and summer of 1980. 

The herbage samples were air dried for 20 days during the process 

of hand separation into the various components described previously. 

2 
Weight of each component of individual species were recorded as grams/m 

after oven drying at 70 C. 

Sampling Dates 

The major seasons within which the various sampling dates occurred 

are defined as follows: (a) January 24-April 24 (spring green-up); (b) 

April 24-June 24 (spring dry period); (c) June 24-September 24 (summer); 

and (d) September 24-January 24 (fall-winter dormant period). 

Samples were collected on 11 sampling dates between August 24, 

1979 to October 18, 1980. The sample dates were: August 24, September 

23, October 24 and November 24 in 1979; March 29, April 23, June 27, 

July 16, August 23, September 21, and October 18 in 1980. 

Site 1 was sampled for a total number of 11 sampling dates, while 

Site 2 was sampled in the summer of 1979 only. Because of the high time 

requirements to clip and hand separate the plants and the high variability 

encountered in herbage yield, measurements warranted the concentration of 

time and effort at only one site. 
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Methods of Calculations 

Net aboveground primary production (ANPP) was estimated from 

the clipped plot data throughout the year by five methods for live plus 

standing recent dead herbage. These methods are listed and designated 

together with the statement of procedures as follows. 

Peak Crop. Peak crop is defined as the point at which live and 

recent standing dead vegetation biomass reaches a maximum. In southern 

Arizona late summer standing biomass as determined by a single harvest 

is utilized as the peak standing crop estimate. 

Summing of standing live and recent dead biomass for individual 

species at the single harvest date constitutes the estimate of ANPP by 

this method. 

Summation of Peak Crop by Species. The summing of peak biomass 

of live plus standing recent dead herbage for individual species provides 

for the estimate of ANPP for this method. In this case, only one major 

peak was selected from among all sample dates and counted for each 

species. 

Summation of Increments by Seasons. Growth increments of live 

plus recent dead herbage are summed by major growth seasons, namely 

spring and summer seasons, for individual species. The growth increments 

at each season is the difference between the lowest at the start of 

season and the maximum biomass in that season. Summing of values for 

the individual species yields the estimate of ANPP. 

Summation of Increments by Period. This method includes the 

summing of growth increments of individual species by each period 
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sampled, and then summed over all species in each species group to 

determine ANPP estimates. 

Summation of Significant Increments. The summation of signifi

cant positive growth increments by each period sampled refers to the 

summation of only the positive significant differences (P = 0.05) among 

harvest data means according to Student Newmans-Keul's multiple range 

test for each individual species and summing up these values over all 

species in each life form. Kelly et al. (1974) adopted the Multiple 

Range Test or Tukey's "W" procedure to arrive at the summation of signi

ficant positive increments. They used this procedure on what they called 

physiognomic groups, but not on individual species. 

Sala et al. (1981) used the summation of positive growth incre

ments between successive sample dates as indicated by Kelly et al. 

(1974), but made adjustments for senescence and decay of standing dead 

herbage. In my dissertation, however, no account was made of losses 

that may have occurred by detachment, leaching and decay processes of 

the recent dead materials during sampling intervals. Similarly, no 

field data were collected to assess direct losses of biomass from old 

and recent dead to the surface litter component. However, computations 

were made to estimate standing crop losses in winter by subtracting 

spring 1980 standing old dead data from the late fall 1979 data for live 

plus recent dead and old dead herbage. 

Form and Data Analysis and Presentation 

Confidence interval (.95) estimates and other statistics were 

computed to determine the precision of the means (herbage yield is 
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2 
expressed as g per m ) for each lifeform group, partitioned into live, 

standing recent dead and standing old dead herbage at each of the samp

ling dates. A variable which combined live plus standing recent dead 

for perennial grasses also was evaluated and utilized in the computation 

of ANPP. 

Analyses of variance were computed for the herbage yield of indi

vidual species and combined data by lifeform groups for the different 

standing crop components for Site 1 data collected during February through 

October 1980. The Student-Newman Keuls (SNK = .05) test was used to 

separate sampling data means for lifeform groups. Statistical Package 

for Social Sciences (SPSS) was the program adopted for the analysis of 

the data using the statistical procedures stated above (Nie, 1975). 

Comparisons were made between each of the methods of calculating 

ANPP and the peak crop biomass method (see page 55, Table 12). Tables 

are used to present data of individual species. Graphs are presented 

to show seasonal variations by lifeform and total herbage with respect 

to the different standing crop components. 



RESULTS AND DISCUSSION 

Pilot Study 

Initial sampling of herbage was conducted in the summer of 1979 

at two sites, the Comoro and the Sonoita soil series sites. These ob

servations were carried out in an attempt to determine the variability 

and to assess the magnitude of the work involved in sampling for herbage 

yield over time periods at two sites together with the process of drying 

and weighing after separating herbage into live and dead components. 

Sampling Variability 

The coefficients of variation were high for current year biomass 

of individual species as well as for data summed by life form as shown 

in Tables 3, 4 and 5. The only species which was sampled at all dates 

with coefficients of variation for live plus recent dead herbage less 

than 100% was Bouteloua filiformis on the Comoro site. Coefficients of 

variation for many species exceeded 400%. Coefficients of variation 

with regard to standing old dead herbage was more variable than for live 

plus recent dead herbage, with a coefficient of variation for old dead 

biomass greater than 200% for J3. filiformis, the most frequent species 

(Table 4). 

Coefficients of variation were reduced for the current year pro

duction and standing old dead herbage when combined for life form groups 

rather than as individual species. Thus, the coefficients of variations 
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Table 3. Mean oven-dry weights and coefficients of variations (n = 20) for live plants plus 
recent standing dead herbage at the Comoro soil series site for four sample dates 
in 1979. 

Harvest Dates 

8/24 9/23 10/24 11/24 

Species g/m2 C.V.% g/m2 C.V.% g/m2 C.V.% g/m2 C.V.% 

Perennial Grasses 

Aristida ternipes 1.1 (159) 0.5 (228) 2.0 (228) 0.5 (233) 
Bouteloua filiformis 4.9 ( 65) 5.2 ( 73) 3.5 ( 93) 2.4 ( 99) 
Bouteloua eriopoda 2.9 (182) 2.6 (299) 2.1 (298) 5.2 (165) 
Bouteloua rothrockii 0.3 (182) 0.7 (192) 0.1 (228) 1.1 (182) 
Heteropogon contortus 1.0 (276) 1.5 (447) 0.4 (385) 1.3 (301) 
Muhlenbergia porteri 1.9 (287) 2.1 ( 0) 2.1 (447) 2.9 (271) 
Trichachne californica 3.6 (194) 4.3 (103) 6.0 (127) 5.6 (178) 

Total 15.7 ( 69) 17.2 ( 81) 16.2 ( 74) 18.7 ( 77) 

Annual Forbs 

Eriogonum polycladon 0.7 (254) 0.1 (447) 0.4 (385) 0.7 (227) 
Tidestroemia languinosa 0.3 (254) 0.2 (447) 0.1 (447) 0.1 (308) 

Total 1.0 (326) 0.3 (357) 0.5 (338) 0.8 (224) 

Perennial Forbs 

Allionia incarnata 8.1 (231) 10.0 (198) 0.7 (197) 3.4 (226) 
Boerhaavia coccini 7.4 (142) 0.0 ( 0) 4.8 (198) 6.1 (138) 

Euphorbia pediculifera 0.2 (447) 0.0 ( 0) 0.2 (326) 0.0 ( 0) 

Sida procumbens 0.5 (244) 0.9 (373) 0.2 (244) 0.1 (308) 
Total 16.2 (138) 10.9 ( 98) 5.9 (166) 9.6 (108) 

Half-Shrubs 

Haplopappus tenuisectus 12.2 (223) 10.7 (327) 6.2 (241) 2.3 (326) 

Gutlerrezia sarothrae 0.0 ( 0) 19.8 (298) 0.0 ( 0) 0.4 (447) 

Senecio sp. 0.2 (347) 0.1 (447) 0.4 (308) o.d ( 0) 
Total 12.4 (221) 30.6 (214) 6.6 (224) 2.7 (326) 

Total Herbage 45.3 59.0 29.2 31.8 



Table 4. Mean oven-dry weights and coefficients of variations (n = 20) of standing old dead 
grass herbage at the Comoro site for four sample dates in 1979-

8/24 9/23 10/24 11/24 

g/m2 C.V.% 
, 2 
g/m C.V.% g/m2 C.V.% 

, 2 g/m C.V.% 

Aristida ternipes 0.0 (0) 0.0 (0) 1.1 (275) 1.0 (356) 

Bouteloua filiformis 0.0 (0) 0.0 (0) 5.5 (282) 4.2 (201) 

Bouteloua eriopoda 0.0 (0) 0.0 (0) 9.6 (362) 15.3 (216) 

Bouteloua rothrockii 0.0 (0) 0.0 (0) 0.2 (447) 3.3 (129) 

Heteropogon contortus 0.0 (0) 0.0 (0) 0.0 (0) 11.7 (391) 

Muhlenbergia porter! 0.0 (0) 0.0 (0) 0.0 (0) 20.0 (372) 

Trichachne califomica 0.0 (0) 0.0 (0) 16.7 (155.6) 28.5 (203) 

Total 0.0 (0) 0.0 (0) 33.1 (127) 79.0 (115) 

N> 
Ui 



Table 5. Mean oven-dry weights and coefficients of variation (n = 20) for live plus standing 
recent dead herbage at Sonoita soil series site for three sample dates in 1979. 

Species 

8/24 

Harvest Dates 

9/23 10/24 

Species 
, 2 
g/m C.V.% 

, 2 
g/m C.V.% 

, 2 
g/m C.V.% 

Perennial Grasses 
Aristida glauca 0.2 (326) 3.0 (305) 1.7 (261) 
Bouteloua filiformis 0.6 (172) 0.7 (147) 0.4 (192) 
Bouteloua eriopoda 15.3 (115) 12.8 (129) 10.8 (169) 
Bouteloua rothrockii 2.1 (165) 1.3 (125) 0.4 (235) 
Heteropogon contortus 1.6 (380) 0.0 ( 0) 2.4 (447) 
Muhlenbergia porteri 1.7 (362) 0.0 ( 0) 1.1 (320) 
Trichachne californica 1.5 (237) 1.1 (232) 0.9 (199) 

Total 23.0 (102) 18.9 ( 85) 17.7 (120) 

Annual Forbs 
Eriogonum polycladon 
Ambrosia sp. 0.6 (309) 0.4 (447) 0.0 ( 0) 
Carlowrightia arizonica 0.1 (447) 0.1 (447) 0.3 (447) 

Total 0.7 (447) 0.5 (244) 0.3 (447) 

Perennial Forbs 
Allionia incarnata 5.4 (189) 4.3 (206) 2.6 (197) 
Croton coryumbulosus 0.1 (447) 1.0 (308) 0.1 (447) 
Sida procumbens 0.0 ( 0) 0.7 (447) 0.0 ( 0) 

Total 5.5 (186) 6.0 (188) 2.7 (200) 

Half-Shrubs 
Calliandra eriophylla 14.6 (121) 9.4 (162) 8.8 (147) 
Gutierrezia sarathrae 3.1 (346) 0.5 (447) 0.0 ( 0) 

Krameria parvifolia 0.0 ( 0) 0.3 (315) 0.1 (447) 
Zinnia pumila 12.1 (182) 0.6 (447) 2.6 (430) 

Total 29.8 (109) 10.8 (134) 11.5 (135) 

Total Herbage 76.7 36.2 32.2 



for live plus recent dead herbage of perennial grasses generally was 

less than 80% for the Comoro soil site (Table 3). But standing old 

dead herbage of perennial grasses showed coefficients of variations of 

greater than 100% (Table 4). 

Live plus standing recent dead herbage at the Comoro soil site 

2 2 
in 1979 varied from a low of 15.7 g/m in late August to 18.7 g/m in 

late November, while standing old dead herbage varied from zero in 

2 
August and September to 79.0 g/m in November (Tables 3 and 4). The 

zero values at the August and September sample dates resulted from the 

impact of grazing pressure in 1978 and the relatively low rainfall in 

1979, and the biomass data for standing old dead herbage was affected 

by infestations with termites in 1979, and possibly frost damage in 1978. 

Termite-infested plants devoid of current year growth were not included 

2 
in the standing old dead biomass. Amounts less than 0.5 g/m were called 

a trace and did not contribute biomass amounts according to the criteria 

set in the data collection procedures. The old standing dead biomass 

2 2 
rose to 33.1 g/m in October and to 79.0 g/m in November. The increase 

in October and November was attributed to the transformation of standing 

recent dead material to old dead herbage category in the period of late 

summer to fall, instead of the anticipated transition only in winter. 

Sampling techniques to reduce sample variance have been studied 

by several authors. Van Dyne et al. (1963) and Kelly et al. (1974) 

reported the need for a large number of plots to reduce sample variance 

in order to increase the precision of the estimate of species occurring 



at low frequencies. To improve on the precision of herbage yield 

measurements, certain prerequisites should be met. Plot sizes and 

sample size (number of plots) should be appropriate for the vegetation 

sampled (Van Dyne et al., 1963; Wiegert, 1962, cited by Wiegert and 

Evans, 1964). Also regression analysis techniques (Wonnacott and 

Wonnacott, 1977) may be evaluated for specific range sites to reduce 

error variances. 

Growth measurements based on repeated weight from the same plot 

is likely to give more precision than clipping different plots at each 

sample date because of the reduction of spatial variability over time, 

but a reduction in yield takes place if the same plot is clipped fre

quently to the ground level (Aldous, 1930; Crider, 1955; Wright, 1964; 

Dittmer, 1973; Andrade, 1979). Dittmer (1973), in his clipping study 

on Bermudagrass, found that the dry weight of tops on undipped plots 

was 2.35 times those in plots maintained at 12 mm. Ogden (1980), in a 

symposium in New Mexico, reported that few clippings at the proper time 

may stimulate growth. In general, samples clipped over time periods 

from the same plot will underestimate net production. Thus, clipping 

the same plot twice was not done in this study. 

Estimates of sample size (number of plots) were computed as a 

function of sample variances for the major species at each site using 

the equation: 
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2 where t = 1.65 at P = .90 and s = sample variance for each major spe

cies considered, and d = the desired error margin designated at + 10% 

of the mean (Avery, 1975). 

At the Comoro soil site, the number of plots required to sample 

Bouteloua filiformis, the least variable species, to + 10% was estim

ated at 264 plots for the November sampling period. Approximately twice 

and ten times this number of plots would be needed to sample Boerhaavia 

coccini and Haplopappus tenuisectus, respectively. The computations 

were made based on sample variances of each of the major species at 

their peak standing crop, the period around which precision of the 

estimates for herbage yield is most important. 

The number of plots needed to sample the perennial grasses at 

the Comoro site to + 10% of the mean at the 90% probability level were 

162 plots, which is slightly higher than half the number of plots re

quired to sample the most frequent species, namely B^. filiformis. 

At the Sonoita soil site it was estimated that 356 plots would 

be required to sample Bouteloua eriopoda, while nearly three times this 

number would be required to sample Allionia incarnata and to sample 

Calliandra eriophyla nearly the same number of plots as for 13. eriopoda 

would be required. Thus, these sample size estimates indicated that 

different number of plots would be required to sample the various spe

cies to a similar level of precision and the number of plots needed to 

sample to + 10% confidence limit is very large. 

The sample variance observed for 15. filiformis, the most frequent 

species at the Comoro soil site, was high enough to preclude the possi
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bility of detecting small differences among harvest dates in Multiple 

Range comparisons according to SNK (P _> 0.05) in 1979. Thus, high 

sample variances for the individual species effectively precludes the 

use of the summation of significant increments by individual species for 

estimating ANPP. 

Considerable man hours are required in the measurement of above-

ground biomass by the harvest method. Based on time requirements re

corded for the 1979 samples for 20 meter-square plots per site, the man-

hour requirements for sampling at eleven dates at the Comoro soil site 

are enumerated as follows: 

1. Clipping—3 persons X 8 hours X 11 harvest dates = 264 man-hours. 

2. Partitioning of herbage into live, recent dead and old dead at 

3 hours per species and an average of 10 species per plot X 20 

plots X 11 harvest dates = 6600 man-hours. 

3. Oven drying and weighing of approximately 1 hour/plot X 20 plots 

X 11 harvest dates = 220 man-hours. Thus, a total of about 7084 

man-hours were required to harvest, separate, oven dry and weigh 

the samples for a single site. Since time requirements is a 

function of sample size, the two variables are usually employed 

to strike a balance between optimum sample size and cost. 

Because of the high time requirements to clip and sort individual 

species on each plot and seven sample dates were anticipated in 1980, 

data collection at the Sonoita site was terminated. The data from the 

Sonoita: site tended to be the more variable of the two sites studied in 
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1979 (Tables 3 and 5). Time constraints also restricted increasing 

plot size or numbers on the remaining Comoro site, so the twenty plots 

(0.5 X 2 m) were sampled for each sample date for the Comoro site in 

1980. 

Main Study 

Seasonal Fluctuations and 
Transfer of Biomass 

Standing herbage varied greatly throughout the 1980 sample year, 

and was strongly influenced by precipitation. The precipitation data 

utilized to help explain seasonal variation in biomass is given in 

Figure 2. The precipitation data were obtained from the Santa Rita 

Experimental Range at the Limestone Station which is located h mile from 

the Comoro soil site. 

Perennial Grasses. Live herbage crop for individual species 

such as Bouteloua filiformis and Trichachne californica showed a loss 

in weight between April and June, but Bouteloua eriopoda showed an in

crease in live herbage from April to June (Table 6). This pattern 

reflected the relative amount of biomass accumulated or lost by the 

different species during the short dry period in the months of May and 

June, as a function of the ability of individual species to continue 

growth under drought conditions. Cable (1975) reported that with the 

cessation of spring rains, the shoots for T. californica become dormant 

and partially dry. Bouteloua eriopoda, however, showed an increase in 

live herbage between April and June (Table 6). The differential response 



- ANNUAL TOTAL 21.16cm. - 1979 
& 1978 

YEARS -I"® 
o- 1980 

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

MONTHS 

Figure 2. Monthly precipitation at the Limestone Station located Jg mile from 
the Comoro site. 
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Table 6. Seasonal variation of mean weights (g/m ) of live herbage, standing 

recent dead, live plus standing recent dead herbage and standing 
old dead herbage for the Comoro site in 1980. 

Harvest Dates 

Species Components 3/29 4/23 6/27 7/16 8/23 9/21 10/18 

Aristlda ternipes Live 0.6 0.1 0.8 1.5 6.9 2.7 1.7 
Recent Dead 1.2 0.1 1.0 0.4 2.1 0.3 0.7 
Total 1.8 0.2 1.8 1.9 9.0 3.0 2.4 
Old Dead 3.6 0.2 3.9 0.9 5.2 0.2 2.5 

Bouteloua fillforrols Live 2.6 3.2 0.9 2.0 9.0 15.8 15.2 
Recent Dead 1.5 2.0 2.5 1.0 1.2 2.0 4.9 
Total 4.1 5.2 3.4 , 3.0 10.2 17.8 20.1 
Old Dead 4.4 4.4 2.7 0.5 0.9 0.5 2.0 

Bouteloua erlopoda Live 0.7 2.1 9.2 6.0 3.4 8.9 22.2 
Recent Dead 2.0 3.8 3.8 5.1 3.5 1.5 7.8 
Total 2.7 5.9 13.0 11.1 6.9 10.4 29.0 
Old Dead 5.0 12.3 14.6 7.5 4.2 5.3 7.8 

Bouteloua rothrockii Live 0.3 0.0 0.2 1.1 0.8 1.5 5.2 
Recent Dead 0.1 0.0 0.6 0.6 0.2 0.3 1.1 
Total 0.4 0.0 0.8 1.7 1.0 1.8 6.3 
Old Dead 0.2 0.0 0.7 0.9 0.5 1.1 1.8 

HeteropoRon contortus Live 0.3 0.4 0.1 1.7 5.7 4.2 6.1 
Recent Dead 0.1 0.8 0.2 3.8 2.2 0.9 1.0 
Total 0.4 1.2 0.3 5.5 7.9 5.1 7.1 
Old Dead 2.2 2.3 0.2 6.9 10.0 0.7 4.2 

Muhlenbergla porteri Live 0.1 0.8 0.4 0.7 1.4 0.2 1.4 
Recent Dead 0.0 0.1 0.0 0.3 0.5 0.0 0.0 
Total 0.1 0.9 0.4 1.0 1.9 0.2 1.4 
Old Dead 0.0 1.2 0.0 1.3 0.0 0.0 1.4 

Trlchachne californica Live 2.5 4.3 1.4 5.9 7.1 5.0 10.9 
Recent Dead 2.0 5.2 3.6 5.8 5.7 1.8 7.6 

Total 4.5 9.5 5.0 11.7 12.8 6.8 18.5 

Old Dead 14.0 25.8 12.4 18.9 18.8 3.9 18.3 

Setarla macrostachya Live 0.0 0.0 0.3 0.2 0.8 1.1 0.3 
Recent Dead 0.0 0.0 0.5 0.1 0.3 0.0 0.0 
Total 0.0 0.0 0.8 0.3 1.1 1.1 0.3 
Old Dead 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Total Live 7.1a 10.9ab 13.3ab 19.lab 35.lab 39.4b 63.0c* 
Recent Dead 6.9a 7.0a 12.2ab 18.0ab 15.7ab 6.8a 23.1b 
Total 14.0a 17.9a 25.5a 37.1a 50.8a 46.2a 86.1b 
Old Dead 29.4a 46.2a 34.5a •36.9a 39.6a 11.7a 38.0a 

* Values followed by the same letter In a row are not significantly different (P .05) by the 
Student-Newman-Keul's test. 

LO 
LO 



of perennial grass species to drought and precipitation dampened any 

differences between a spring peak and a spring low for standing live 

herbage (Figure 3a) by the perennial grasses as a group. Thus, live 

herbage of the perennial grasses showed a single peak with a biomass 

2 
of 63 g/m on October 18, 1980 (Figure 3a) instead of two peaks observed 

for individual species (Table 6). Perennial grasses showed an increase 

of standing live herbage with spring green up, relatively slow growth 

between April to July and the major increase from July to mid October 

(Figure 3a). Growth rate was directly related to spring precipitation, 

the short dry period between late April to June and summer precipitation 

between late June to September as shown in Figure 2 for 1980. The 

favorable precipitation in September of 1980 triggered growth to produce 

the peak crop in the middle of October (Figure 2 and Figure 3a). 

Seasonal fluctuations in recent dead herbage ranged from a low 

2 2 
of 6.9 g/m in March to a maximum of 23.1 g/m in October (Table 6 and 

Figure 3b). There were no significant differences (P 0.05) in mean 

weights among harvest dates except for the October measurements (Table 

6). Recent dead herbage was about equal in amount to the live herbage 

of perennial grasses beginning in March and remained at this order of 

magnitude through mid July. Thus, mean standing crop for recent dead 

showed a constant relationship to live herbage through mid July before 

the perennial grasses produced seed culms. The large increase in live 

herbage in the period between July and August was mainly culm growth 

and did not produce a corresponding large increase in standing recent 

dead herbage (Figures 3a and 3b). 
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Figure 3. Mean weight (g/m ) of perennial grasses at the Comoro soil 
site in 1980. — (a) Live herbage; (b) Standing recent dead 
(c) Live plus standing recent dead; and (d) Standing old 
dead herbage. Vertical lines represent 95% confidence 
intervals for harvest date means. 
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In his study on the dynamics of blue grama in the Great Plains 

grassland ecosystem, Uresk (1972) concluded that standing dead biomass 

accumulated at the rate of 0.22% of the live herbage per day. In my 

dissertation, the transfer rate of live herbage to recent dead herbage 

throughout the year was approximately 0.21% per day for 203 days. The 

rate of biomass accumulation from live to recent dead prior to culm 

initiation (up to 16th of July) was 0.53% of live herbage per day for 

109 days. Thus, the high rate of transfer in spring represents the 

influx of lower leaves to the recent dead, and this rate is likely to 

decrease later in the summer growing season due to a high proportion of 

culms in the live biomass. Cable (1975), studying the morphological 

development of Trichachne californica, observed that a maximum number 

of leaf blades that were green or partly green at any one time was six 

or seven, and this maximum was found about 4 weeks after growth started 

in the summer. The lowest leaf became completely dry in 5 to 6 weeks 

after growth started, after which the numbers of green leaves gradually 

decreased. Thus, the observation regarding the gradual transition from 

live to recent dead in californica agreed with the data obtained in 

this study for this species (Table 6). 

Changes in standing crop for recent dead herbage also occur due 

to losses during sampling intervals as a function of physical forces such 

as wind, trampling and rain storms. Sauer (1978) concluded that standing 

dead herbage is subjected to losses by large rain storms. A heavy rain 

storm of 1.97 inches (5 cm) recorded at the Limestone rain gauge September 



8, 1980, prior to the September sampling date, provided evidence for 

the influence of the physical effect on the transfer of recent dead to 

the surface litter. This rainfall event resulted in the extremely low 

standing crop of recent dead at the September sampling date (Figure 3b), 

indicating the impact of heavy storms on the senescent parts of grass 

species. 

After the low level in September, the biomass for recent dead 

herbage rose again to nearly the previous level showing the rapid rate 

of transfer of live herbage to this component in response to the ac

celerated growth of live herbage in September after 5 cm of rainfall 

received in early September (Figure 3b). 

Further losses of recent dead have been attributed to the bio

chemical and leaching processes influenced by current year precipitation 

and air temperature. Uresk (1972) concluded in his study for blue grama 

that precipitation and air temperature influenced the rate of decomposi

tion of the recent dead plants. 

The relatively wide confidence intervals for live and recent 

dead herbage at the October sample date (Figures 3a and 3b) was due to 

the variability in the senescence of plants caused by microsite differ

ences. At about this time leaves mature and die and are lost to litter. 

Mostly stems and seed heads account for live herbage biomass in October. 

Variability initiated by the phenology (unequal ripening of individual 

plants) and variability due to losses initiated by physical forces, 

caused sampling variability in addition to that stated previously in the 
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pilot study. These data reflect combined effects influencing live 

herbage and recent dead herbage (Table 6 and Figure 3c). 

The seasonal fluctuations regarding losses due to leaf fall, 

leaching losses of nutrients and decomposition from the recent dead 

component are not accounted for in the live plus recent dead component. 

Thus, the relatively low recent dead biomass on the September sample 

date reflects physical loss of the recent dead herbage by rain storms 

early in September. Since these data represent the standing crop of 

current year biomass used to calculate ANPP, the substantial loss of 

recent dead herbage in September would contribute_ greatly to an under

estimate of production of perennial grasses. 

Mean standing old dead herbage of perennial grasses was estim-

2 2 
ated at 29.4 g/m in March and 46.2 g/m in April following the winter 

dormant period and remained at approximately the average of these 

2 
values through June, July and August, declining to a value of 11.0 g/m 

in September (Table 6 and Figure 3d). The prominent September depression 

indicates that a major transfer of standing biomass from previous year 

growth to the surface litter occurred with the heavy rainstorm in early 

September. After the depression in September, the biomass for standing 

old dead herbage rose again to the August level which indicated the 

transformation and loss of recent dead to the old dead component late in 

the growing season (Figure 3d). In other words, standing recent dead 

herbage underwent a weathering process which caused a change in color 

such that this herbage was recorded as old- dead herbage, accounting for 
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the rise in biomass of this component after the low in September. This 

increase in standing old dead, however, late in the season was not 

statistically significant because of wide confidence intervals for the 

data (Figure 3d), but the results provide some question as to how well 

previous and current year production is separated by the criteria of 

identifying perennial grass standing dead as old dead herbage when it 

has taken a weathered appearance. Other workers (Uresk, 1972; Kelly 

et al., 1974; Britton, 1975; Sauer, 1978) referred to both the standing 

recent dead and standing old dead herbage as "standing dead herbage." 

Thus, the criteria for separation into different components led to the 

underestimation of net production in my study. 

Another period of major loss of standing herbage of perennial 

grasses, even when ungrazed by livestock, is the winter season. An 

attempt was made to indirectly assess grass standing crop losses during 

the winter season between November 1979 to the sample year in 1980. 

Thus, computations were made using old dead herbage (ODH) (Table 4), 

and live plus recent dead herbage (Table 3) from 1979 and old dead herb

age from 1980 data (Table 6) as follows: 

(ODH + (LH + RDH))_Q - 0DH_. = Loss /y ou 

through the winter. 

(79.0 g/m2 + 18.7 g/m2) - 29.4 g/m2 = 68.3 g/m2 

as the estimate for losses of the perennial grass standing crop during 

the winter of 19 79-80. This accounted for 70% of the total perennial 
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grass herbage starting November 1979. Thus, knowledge on the feed 

consumption rate by herbivores, rate of losses to surface litter, and 

other losses are needed to quantify the relative proportions of biomass 

transfer among trophic levels (Figure 1). 

In my study direct losses by detachment of live plant parts was 

not measured. There also was some evidence of loss of top-growth of 

young and palatable species to small herbivores, as portions of one or 

two plants were removed in some of the sample plots, Thus, transfer to 

standing recent dead as determined in my study is an underestimate of 

the total loss from the standing live herbage. Standing recent dead 

herbage also underwent decay processes being transformed to standing 

old dead herbage late in the summer and fall. This event further im

poses the possibility of underestimating the biomass available for 

transfer to herbivores as estimated from peak standing crop of live plus 

standing recent dead herbage. 

Perennial Forbs. Mean standing crops of live herbage for peren

nial forbs was significantly different (P _> 0.05) among harvest dates 

(Table 7), as spring growth was minimal with maximum biomass occurring 

2 
in the summer. Perennial forb biomass fluctuated from a low of 0.2 g/m 

2 
in March to a peak of 20.1 g/m in September (Table 7 and Figure 4a). 

The peak crop for perennial forbs represents the amount of biomass avail

able for transfer to the litter component. The loss in biomass following 

the peak period shows the loss of the recently dead leaves to the litter 

component (Figure 4a). Boerhaavia coccinea peak biomass occurred in 

August; all other perennial species had peak biomass in September (Table 7) . 



2 Table 7. Mean weights (g/m ) of standing live herbage for perennial forbs in 1980. 

Species 3/29 4/23 

Harvest Dates 

6/27 7/16 8/23 9/21 10/18 

Allionia incarnata 0. 0 0. .2 0. ,0 1. ,0 1. ,5 3. ,2 2. ,4 

Boerhaavia coccinia 0. ,1 0. . 6 0. . 6 9. ,4 13. .9 9. ,2 8. ,6 

Carlowrightia arizonica 0. .0 0. .0 0. .0 0. .0 0. .0 0. ,2 0. ,1 

Euphorbia pediculifera 0. .0 0. .0 0. .1 0. ,2 0. .7 0. .9 0. .7 

Croton corymbulosus 0. .0 0. .0 0. .0 0. .3 0. .0 4. ,8 0. .0 

Sida procumbens 0. .1 0, .0 0. .2 0. .6 1. .3 1. .8 1. .3 

Total 0. ,2a 0. , 8a 0. . 9a 11. ,5b 17. ,4b 20. ,1b 13. ,1b* 

* Values followed by the same letter within a row are not significantly different (P 2l «05) by the 
Student-Newman-Keul's test. 
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Mean weights of perennial forbs showed narrower confidence 

intervals for sampling dates in the spring than in the summer period 

as growth advanced from extremely low in spring to a high in the summer 

(Table 7 and Figure 4a). Only the live herbage component was sampled, 

as there were only minor recent dead components present during the life 

cycle of the perennial forb plant until after full flower stage. Thus, 

the transfer of biomass to the litter component takes place rapidly 

after the maturity and senescence stage .in the life cycle of perennial 

forbs. 

Boerhaavia coccinea and Allionia incarnata appear to be drought-

tolerant and prevail in both dry and wet summers. They are reliable in 

their contribution to net primary production, and although low in forage 

value, serve as sources of transfer of biomass to the litter component. 

Annual Forbs and Grasses. The means of standing live herbage 

crop for annuals were significantly different (P 0.05) among harvest 

dates. This species group demonstrated a bimodal peak standing crop, 

2 
one in April with 25.1 g/m provided by the spring annuals and 21.8 

2 g/m in September by the summer annuals (Table 8 and Figure 4b). Plantago 

2 
purshii reached its peak in April with 11.4 g/m . Kallstroemia grandi-

2 
flora produced a peak standing crop of 13.7 g/m in September. The 

former is a spring and the latter a summer annual. Spring and summer 

annual grass species also attained separate spring and summer peaks. 

2 
Panicum arizonicum, therefore, had a peak standing crop of 5.5 g/m in 

2 
October, and Festuca occularis attained a peak with 1.6 g/m in April 

(Table 8). 



2 
Table 8. Mean weights (g/m ) of standing live for annual forbs and grasses in 1980. 

Species 3/29 4/23 

Harvest Dates 

6/27 7/16 8/23 9/21 10/18 

Amaranthus palmeri 0. .0 0. ,0 0. .1 0. .0 0. 3 2. .7 1. 7 

Cryptantha petrocarya 2. .5 6. ,4 0. ,0 0. ,2 2. .5 0. .0 0. ,0 

Eriogonum polycladon 0. ,2 0. 9 0. ,5 0. .5 1. ,9 0. .1 0. ,1 

Eriastrum diffusum 0. .9 1. .3 0. .6 0. .1 0. .0 0. .0 0. ,0 

Eschscholtzia mexicana 0. .9 1. . 9  0. ,0 0. .0 0. .0 0. ,0 0. ,0 

Festuca occularis 1. ,4 1. . 6 0. .0 0. .2 0. .0 0. .0 0. ,0 

Kallstroemia grandiflora 0. ,0 0. ,0 0. .1 0. .0 12. .5 13. ,7 6. .3 

Lupinus sparsiflorus 0. ,2 1. ,1 0. .0 0. .0 0. .0 0. .0 0. .0 

Mentzelia albicaulis 1. ,5 0. .3 0. .0 0. .0 0. ,0 0. .0 0. .0 

Microseris linearifolia 0. ,1 0. ,1 0. .0 0. .0 0. .0 0, .0 0. ,0 

Panicum arizonicum 0. ,0 0. .0 0. .0 0. .7 3. .4 4. .5 5, .5 

Pectocarya recurvata 0. , 7 0. .1 0. .3 0. ,0 0. .0 0, .0 0. .0 

Plantago purshii 4. .0 11. .4 0. .0 0. .0 0. .3 0. . o 0, .0 

Tidestromia languinosa 0. ,0 0. .0 0. .0 0. .1 2, .7 3, .4 3, .0 

Total 12. , 4ab 25. ,1b 1, . 6a 1, . 8a 23. . 6b 24, .5b 16. .6 

* Values followed by the same letter within a row are not significantly different (P _> .05) by the 
Student-Newman-Keul's test. 
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Annuals in general varied from year to year, depending on the 

amount of precipitation in the spring and summer seasons and also cor

responded with seasonal changes in precipitation (Figure 2). Because 

of low rainfall, the only annuals present in 1979 were: Eriogonum 

polycladon, Tidestromia languinosa, Plantago purshii (trace not re

corded) and Panicum arizonicum (also trace) (Table 3). Seasonal fluc

tuations of annual plant standing crop in 1980 varied from a low of 

2 2 2 2 
12.4 g/m in March to 25.1 g/m in April and 1.6 g/m to 24.5 g/m in 

summer (Figure 4b and Table 8) in response to current years precipita

tion. The contributions of annual forbs and grasses to net production . 

depends on year-to-year variations in precipitation. The estimate of 

peak crop live herbage represents the biomass available for transfer to 

the litter component and the annuals have short durations in the recent 

standing dead component. Net production measurements from peak standing 

crop at the end of the summer growing season would miss the spring 

annuals. 

Half-Shrubs. The major half-shrub on the site was Haplopappus 

tenuisectus; other shrubs contributed a small proportion to the total 

mean standing crop (Table 9). Seasonal fluctuations for current year 

2 2 branches and live leaves ranged between 8.3 g/m in March to 13.5 g/m 

in September (Table 9 and Figure 5). The growth of leaves and twigs of 

Haplopappus tenuisectus had attained the major portion of their growth 

following winter dormancy (Table 9). 

All the summer growth of leaves and twigs from 1979 was desig

nated as previous years dead herbage in spring and summer of 1980. The 



Table 9. Mean weight (g/m ) of current live leaves and branches, previous year dead branches, 
and old live and dead stems and branches for half-shrubs on the Comoro soil site in 
1980. 

Harvest Dates 

Species Component 3/29 4/23 6/27 7/16 8/23 9/21 10/18 

Haplopappus tenuisectus Current year live 8.3 11. 3 13.5 7.8 9.6 13.5 0.0 
Previous year dead 12.6 4. 9 11.9 5.9 10.9 12.3 0.0 
Current & previous year 20.9 16. 7 25.4 13.7 20.5 25.8 0.0 
Old live plus dead 53.1 16. 5 22.6 21.5 24.9 16.5 0.0 

Gutierrezia sarothrae Current year live 0.0 0. 5 0.0 0.0 0.4 0.9 0.0 
Previous year dead 0.0 0. 0 0.0 0.0 0.1 0.0 0.0 
Current & previous year 0.0 0. 0 0.0 0.0 0.5 0.9 0.0 
Old live plus dead 0.0 0. 9 0.0 0.0 0.0 0.0 0.0 

Total Current year live 8.3a 11. 8a 13.5a 7.8a 10.0a 14.4a 0.0 
Previous year dead 12.6a 4. 9a 11.9a 5.9a 11.0a 12.3a 0.0 
Current & previous year 20.9 16. 7 25.4 13.7 21.0 26.7 0.0 
Old live plus dead 53.1 17. 4 22.6 21.5 24.9 16.5 0.0 

* Values followed by the same letter within a row are not significantly different (P _> 0.05 by the 
Student Newman-Keul's test. 
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Figure 5. Mean weight (g/m ) of half-shrubs. — (a) Current year live 
branches and leaves; (b) Previous year dead branches; (c) 
Current year growth plus previous year branches; and (d) Old 
plus live stems and branches. Vertical lines represent 95% 
confidence intervals for harvest date means. 



extremely wide confidence intervals for all half-shrub data (Figure 5) 

show that few definite trends can be established. The 0.5 x 2.0 m plots 

were too small to adequately sample the half-shrub species occurring on 

the site. Regarding biomass data at the October sample date (Figure 5), 

no plants occurred in plots at the October sample date, except for com

pletely dead plants found in some plots, which were considered as litter. 

This accounted for the drastic drop of biomass in all the half-shrub 

components following peak crop for current years growth in September 

(Figure 5a). 

Total Live Herbage. Mean standing crop for total live herbage 

demonstrated two peaks (Figure 6). The April peak in biomass was pri

marily the influence of annual forbs and grasses (Table 10). The fluc-

2 
tuations in biomass during the spring ranged between a low of 28.0 g/m 

2 
in March to a high of 48.6 g/m in April, and in the summer and fall 

2 2 
from a low of 29.3 g/m in June to 93.9 g/m in September. These 

seasonal fluctuations, represented the growth response of annual forbs 

and grasses and the perennial grasses to the amounts of spring and to 

summer precipitation, respectively (Figure 2). The peak for total 

herbage occurred in September, in part because of zero values for live 

herbage for shrubs at the October sample date (Table 10). Thus, the 

data in Figure 6 illustrate the general pattern of standing total live 

herbage crop for the grassland of southern Arizona. An estimate of 

annual net primary productivity based on only the peak standing crop in 

fall would be an underestimate of productivity because the spring peak 

production is not accounted for in the estimate. 
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Figure 6. Mean weight (g/m ) of total live herbage at the Comoro soil 

site in 1980. — Vertical lines represent 95% confidence 
intervals for harvest date means. 



2 
Table 10. Mean weights (g/m ) of total live herbage for perennial, grasses, annual forbs and 

grasses, perennial forbs, and current year growth of half-shrubs and recent dead 
herbage for perennial grasses at the Comoro soil site in 1980. 

Species Groups 3/29 4/23 

Harvest Dates 

6/27 7/16 8/23 9/21 10/18 

Standing Live 

Perennial Grasses 7.1 10.9 13.3 19.1 35.1 39.4 63.0 

Annual Forbs and Grasses 12.4 25.1 1.6 1.8 23.6 20.0 16.6 

Perennial Forbs 0.2 0.8 0.9 11.5 17.4 20.1 13.1 

Half-Shrubs Current Year Live 8.3 11.8 13.5 7.8 10.0 14.4 0.0 

Total Live Herbage 28.0 48.6 29.3 40.2 86.1 93.9 92.7 

Standing Recent Dead 
Perennial Grasses 

6.9 7.0 12.2 18.0 15.7 6.8 23.1 

Total Herbage (Live plus 
Perennial Grass Recent Dead 

34.9 55.6 41.5 99.7 101.8 100.7 115.8 

m 
o 
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Similar patterns of seasonal fluctuations were observed for 

total live biomass and total live plus recent dead herbage, where the 

recent dead herbage constituted the recent dead herbage of the peren-

2 
nial grasses. Two peaks were observed, one in April with 55.6 g/m and 

2 
another in October with 115.8 g/m (Table 10). 

Annual Variability in 
Standing Biomass 

The peak standing crop of live plus recent dead herbage of peren

nial grasses at the Comoro soil site occurred at different periods and 

produced different amounts in 1979 and 1980 (Tables 3 and 6). The peak 

2 
crop occurred in November 1979 with 18.7 g/m , and in 1980 the peak crop 

2 
fell in October with 86.1 g/m , which was 4.6 times the November peak 

crop in 1979. The high herbage crop in 1980 was due, at least partially, 

to growth response to relatively good September precipitation in 1980, 

as opposed to low precipitation in 1979 in September and October. Live

stock carrying capacity estimates follow the year-to-year fluctuations 

in peak crops due to changes in annual precipitation. 

Martin (1981, personal communication) stated that based on U.S. 

Forest Service data at the Santa Rita Experimental Range, herbage yield 

of perennial grasses in Pasture 6B (where the study site was located) 

2 
amounts to an average of 218 lb/acre (19.4 g/m ). These yield data were 

estimated from single harvest at the end of the growing season, repre

senting an average of five years out of a 7-year period (1973-1979) and 

included sample locations for the lower precipitation zone in the pasture 
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in relation to the study site. This yield was nearly equal to the peak 

2 
perennial grass crop at the Comoro soil site in 1979 with 18.7 g/m 

2 (Table 3) and far below the peak perennial grass crop of 86.1 g/m of 

current year production in 1980 (Table 6). The Comoro study site in 

Pasture 6B is expected to produce above the average for the pasture, as 

the study site is located on the upper end of the pasture on a uniform, 

gently sloping tract of land of good ground cover as compared to the 

data averaged for the pasture. 

Other reports on production from peak crops for rangelands at 

different regions provide a range within which production in arid lands 

lies. Odum (1971) reported that net primary productivity of true deserts 

is less than 2000 kg/ha. Le Houerou (1980) reported that in the Saharo-

Sahelian subzone with grass cover of 5-10%, total aboveground biomass 

is of the order of 400 kg/ha/yr. Pearson (1965) obtained a yield of 

975 kg/ha and 1228 kg/ha for the grazed and ungrazed desert communities, 

respectively, in a desert grassland in eastern Idaho. 

Cable (1975) observed that perennial grass biomass on the Santa 

Rita Experimental Range was dependent on current summer and previous 

summer rainfall. Predictions were made for peak standing crop at the 

Comoro soil site in 1979 and in 1980 for total perennial grasses, using 

Cable's simple regression equation for Pasture 1. The Comoro soil is a 

major soil mapping unit of Pasture 1. Cable's (1975) equation expressed 

as: 

Prod. = 340.46 + .95 (Int. prod.) 
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where Prod. = production, Int. prod. = interaction product of Current 

August x Previous June to September rainfall in centimeters, and produc

tion is expressed as kg/ha. 

Cable's (19 75) equation provided a poor prediction of current 

year production of perennial grasses for 1979 and 1980 for my study 

even though his data were for the same grass species and, at least in 

part, on the same soil series as my study. The prediction by his equa

tion does not even indicate the relative direction of change of biomass 

from year to year (Table 11). The 1980 observed biomass was higher than 

the 1979 biomass, yet the prediction by Cable's equation for Pasture 1 

estimated 1980 biomass to be less than in 1979. This failure is partly 

explained by Cable's equation not accounting for precipitation for cur

rent July to September but only using current August precipitation in 

his equation. 

Table 11. Observed and predicted values for peak standing crop for the 
perennial grasses in 1979 and in 1980 at the Comoro soil site. 

Year 

Peak Crop 

Observed 

(kg/ha) 

Predicted* 
Observed as Percentage 

of Predicted 

1979 187 405 460 

1980 861 378 233 

* Prediction based on Cable (1975). 
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Estimates of Aboveground Net 
Primary Production 

Five methods of computations were used for the estimation of 

aboveground net primary production (ANPP) based on live standing crop 

for all herbaceous plants and half-shrubs plus standing recent dead 

herbage for the perennial grasses (Table 12). 

Perennial Grasses. The summation of increments by the sample 

periods method gave higher ANPP estimates than the other four methods 

2 
for perennial grasses. This production estimate amounts to 117.8 g/m 

which is 137% of the value for the peak crop method (Table 12). Wiegert 

and Evans (1964) reported that the peak crops taken at the end of the 

growing season underestimated net production because individual species 

did not synchronize in attaining peaks, and that losses occur throughout 

the year that are not accounted for in the production estimate. The 

summation of increments method is not necessarily the best method or most 

efficient method, since there is a high error variance inherent in the 

sampling process. Regarding the summation of increments by sample per

iods, Kelly et al. (1974) reported that community net production will be 

biased upwards, if biomass differences are summed without considering 

whether they are real differences. 

Summation of increments by major seasons ranks second high in 

the estimate of net production for the perennial grass species (Table 

12). This method has the same approach to the summation method by 

sample period, except for the computation of the differences being re

stricted to the major seasons (Table 13). Estimate of net production 



Table 12. Estimates of aboveground net primary production of perennial grasses, annual forbs 
and grasses, perennial forbs, half-shrubs and total herbage for 1980.* 

Perennial Annual Forbs Perennial Total 
Grasses and Grasses Grasses Half-Shrubs** Herbage 

Methods 

% of % of % of % of % of 
2 Peak ^ Peak Peak ^ Peak Peak 

g/m Crop g/m Crop g/m Crop g/m Crop g/m Crop 

Peak standing crop 
(10/18 sample date) 

Summation peaks 
by species 

Summation of increments 
by major seasons 

Summation of increments 
by sample periods 

86.1 100 16.6 100 13.1 100 0.0 0 116.0 100 

94.7 109 53.2 317 24.7 189 13.3 100 187.0 161 

102.1 119 51.8 308 23.9 182 11.7 104 189.5 163 

117.8 137 53.9 321 24.0 182 19.6 147 215.3 186 

Summation of significant 
increments by sample 31.9 37 40.8 243 16.4 126 8.1 60 97.2 84 
periods 

* Calculations based on standing live herbage at each sample date for annuals and perennial forbs, 
live plus recent dead for perennial grasses and current year growth for half-shrubs. All 
summations were made on individual species data (Appendix B). 

**Comparisons based on summation of species peaks method. 



was partitioned into spring and summer production as shown in Table 13. 

The production estimate of perennial grasses by this method was 102.1 

2 2 2 
g/m with 25.3 g/m occurring in the spring and 76.8 g/m in the summer. 

Approximately 75% of the net production of perennial grasses was pro

duced in the summer season (Table 12). Cable (1975) cited Culley (1943) 

as indicating that 90% of herbage production of perennial grasses in the 

semidesert southwest United States was produced during the summer rainy 

season. 

Annual Forbs and Grasses. Three methods, namely summation of 

peak crop by species, summation of increments by major seasons and sum

mation of increments by sample periods yielded similar estimates of 

ANPP for annual forbs and grasses, giving higher estimates than the peak 

crop or summation of significant increments by sample periods methods 

(Table 12). Herbage production by these methods were 53.2, 51.1 and 

2 
53.9 g/m , respectively. These estimates were 317, 308 and 321%, 

respectively, of the estimate calculated by the peak crop method. The 

summation of increments by sample periods showed a slightly higher value 

than the summation of species peaks or summation of increments by major 

seasons. 

Perennial Forbs. The summation of peak crop by species, summa

tion of increments by major seasons and summation of increments by 

sample periods yield similar estimates of ANPP for perennial forbs 

(Table 12). Kelly et al. (1974) recommended the summation of species 

peak method for communities where each species attains only one peak 



Estimates of aboveground net primary production by 
the summation of increments by major growth 
seasons in 1980.* 

Species Spring Summer 

Perennial Grasses 

Bouteloua filiformis 5.2 17.7 
Trichachne californica 9.5 13.5 
Aristida ternipes 1.8 7.2 
Bouteloua eriopoda 5.9 22.9 
Heteropogon contortus 1.2 7.5 
Bouteloua rothrockii 0.4 5.5 
Muhlenbergia porteri 1.3 1.4 
Setaria macrostachya 0.0 1.1 

Total 25.3 76.8 

Annual Forbs and Grasses 

Panicum arizonicum 0.0 4.8 
Festuca occularis 1.6 0.0 
Kallostroemia ^randiflora 0.0 12.6 
Amaranthus palmeri 0.0 2.6 
Eriogonum polycladon 0.0 2.3 
Tidestromia languinosa 0.0 3.4 
Plantago purshi 11.4 0.0 
Lupinus sparsiflorus 1.1 0.0 
Cryptantha petrocaryata 6.4 0.0 
Mentzelia cf. albicaulis 1.6 0.0 
Eriastrum diffusum 1.3 0.0 
Eschschoseltzia mexicana 1.9 0.0 
Pectocarya recurvata 0.7 0.0 
Microseris linearifolia 0.1 0.0 

Total 26.1 125.7 

Perennial Forbs 

Boerhaavia coccini 0.6 13.3 
Allionia incarnata 0.2 2.2 
Sida procumbens 0.1 1.6 
Euphorbia pediculifera 0.0 0.9 
Carlowrightia arizonica 0.0 0.2 
Croton corymbulosus 0.0 4.8 

Total 0.9 23.0 

Half-Shrubs 

Haplopappus tenuisectus 11.3 0.0 
Gutierrezia sarothrae 0.0 1.3 

Total 11.3 1.3 

Grand Total 62.7 126.9 

* Calculations based on standing live herbage at each date for 
annuals and perennial forbs, live plus recent dead for 
perennial grasses and current year growth for half-shrubs. 
All sunnnations were made on individual species data (Appendix 
B). 



58 

throughout the growing season. This was particularly true of the peren

nial forbs in my study, which reached their peaks at about the same time; 

but other species groups were not limited to one peak period. Sampling 

at the single peak period in August for the perennial forbs gives esti

mates of annual net primary production that are similar to other more 

frequent sampling techniques. 

Half-Shrubs. Estimates of ANPP for current live branches and 

leaves are presented in Table 12. Summation of increments by sample 

2 
periods provided the highest estimate of 19.6 g/m which is 147% of the 

value by the summation of species peaks, instead of peak crop method, 

which showed zero value for shrubs at the peak harvest period at the end 

of the growing season. 

Total Herbage. Here again, summation of increments by sample 

period gave a higher estimate in relation to estimate by the peak crop 

method (Table 12). Estimates of total live plus recent dead herbage, 

where the recent dead herbage is comprised of perennial grasses only, 

2 
amounted to 215.3 g/m for this method, 186% over the estimate by the 

peak crop method. About 45% of the total live plus recent dead herbage 

is forbs and half-shrubs which contribute little to livestock forage, 

but serve as a source to the surface litter component. 

In order to arrive at the estimate of ANPP for total live plus 

recent dead herbage, one sample date is required to estimate ANPP ac

cording to peak crop method. Kelly et al. (1974) identified the peak 

crop method as being applicable only for communities with phenologically 
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similar species and for communities where the individual species reach 

only one peak throughout the year. This is not the case for the desert 

grassland community. 

The summation of significant increments provided lower estimates 

of ANPP than the peak crop method (Table 12) because of the larger sam

ple variances associated with sampling the desert grassland vegetation, 

and high time requirement. Even large growth increments were not de

tected as significant at the 0.05 level of significance. This method 

was not practical for estimating ANPP for a desert grassland. A minimum 

of four sample date will be required to sample peaks by the different 

life forms to estimate ANPP by this method. 

The summation of growth increments by major seasons requires 

two sample dates based on seasonal peaks, but these two peaks alone 

would fail to establish a curve describing growth dynamics of the life-

form groups, and also be unable to capture the peaks by the different 

life-form groups. 

Estimates of ANPP by summation of growth increments by sample 

periods or species peaks require many sample dates which also are 

impractical because of the high time requirement for sampling large 

sample sizes at each harvest date, and greater numbers of sample dates 

than those needed to estimate ANPP by the peak crop method or the sum

mation of increments by major seasons method. However, from this study 

it has been inferred that ANPP can be reasonably estimated with three 

or four sample dates using the summation of peaks by life-form groups 



60 

or summation of growth increments by sample periods. A maximum number 

of three sample dates, one in April to sample spring annuals, one in 

September to sample summer annuals, perennial forbs and half-shrubs and 

another in October to sample perennial grasses would be required for a 

total live plus recent dead herbage based on the summation of peak crops 

by the life form groups as shown in Table 10. This method gives an 

2 
estimate of 165.7 g/m , a value which is close to the estimate of 187.0 

2 
g/m based on the summation of individual species peaks (Table 12). 

The summation of increments by sample periods, however, requires an 

additional sample date of at least one in late June to sample the trough 

after the April peak or to sample initial growth in summer. The summa

tion of growth increments method, thus, allows the establishment of 

curves describing the growth dynamics, captures the peaks by the life-

form groups and picks some of the losses throughout the year on account 

of greater numbers of sample dates. 



CONCLUSIONS AND RECOMMENDATIONS 

Conclusions and recommendations from this study are as follows: 

1. Measurements of biomass at any given point in time resulted in 

high coefficients of variation. Thus, 162 meter-square quadrats 

were needed to sample perennial grass standing crops to + 10% 

of the mean at the 90% level of probability. 

2. The transfer rate of live herbage to standing recent dead herb

age was approximately 0.21% per day for 203 days, a rate of 

transfer which was in agreement with Uresk (1972) who reported 

0.22% per day of live herbage to standing dead herbage for blue 

grama in the short grassland plains. A rate of transfer of 

0.53% of live herbage per day to standing recent dead for 109 

days was found prior to culm elongation. 

3. Heavy precipitation in the early part of September accelerated 

growth of live herbage, and also accounted for losses of stand

ing recent dead and standing old dead herbage to the surface 

litter component. The loss of dry leaves from standing grass 

culms due to rainfall impact contributed to an underestimate 

of net primary production. Standing old dead biomass accumulated 

following the depression in September. Transformation of the 

recent dead herbage to an appearance of old dead herbage late 

in the summer also contributed to underestimating of current 

61 
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year production based on peak crop method due to the identifi

cation of recent dead herbage as part of the old dead component. 

Summation of growth increments by sample periods provided the 

highest estimate of aboveground net primary production when 

compared to estimates based on peak standing crop, summation of 

species peaks and summation of statistically significant growth 

increments by sample periods. Estimates of net productivity 

were 186% of the estimate at peak standing crop. Estimates of 

net production based on significant positive growth increments 

by sample periods yield the lowest value for net production 

because poor precision of samples restricted data to few signi

ficant values. 

Based on the peak periods for standing biomass of life-form 

groups, a minimum of four sample dates are recommended to esti

mate aboveground net primary production for semidesert grassland 

in southeastern Arizona. These sample dates include: (1) late 

April to sample spring peaks by perennial grasses, annual forbs 

and annual grasses; (2) late June to capture the spring trough 

or early summer growth for perennial grasses; (3) late September 

to sample peak crops of perennial forbs, and half-shrubs; and 

(4) mid to late October to sample the fall peak for perennial 

grasses. 

Net production estimates by the peak crop method at the Comoro 

2 
soil site for perennial grasses varied from 18.7 g/m in 1979 



2 
to 86.1 g/m in 1980. This factor affects the repeatability of 

herbage production measurements and consequently, grazing capa

city estimates from one year to the next. 

The large amount of time (approximately 644 man-hours) needed 

to sample and separate live and dead herbage components by 

species for 20 quadrats at each harvest date, together with the 

year-to-year variability and the need for a minimum of four 

sample dates to effectively sample the desert grassland makes 

biomass data impractical for general use as a data base in 

land-use and planning. However, this effort should be looked 

at from the standpoint of research studies describing the dyna

mics of range systems including temporal characteristics and 

transfer functions to provide data which can help design manage

ment strategies for these range ecosystems. 
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Table A.l. List of serial numbers, symbols, scientific and common names of species at the 
study site, at Santa Rita Experimental Range, in southern Arizona. 

Serial No. Symbol Scientific Name Common Name 

1A BoFi Bouteloua filiformls (Fourn) Griffiths Slender grama 
2B TrCa Trichachne californica (Benth) Chase Arizona cotton-top 

3C ArTe Arlstida ternipes Cav. 
4D BoEr Bouteloua eriopoda Torr Black grama 
5E He Co Heteropogon contortus (L.) Beauv Tangle head 

6F BoRo Bouteloua rothrockii Vasey Rothrock grama 
7G MuPo Muhlenbergia porteri Scribn Bush muhly 

8H SeMa Setaria macrostachya Plains bristlegrass 

91 PaAr Panicum arizonicum Scribn & Merr. Watergrass 
10J FeO Festuca occularls Six weeks fescue 
UK KaGr Kallstroemia grandiflora Torr 
12L AmPa Amaranthus palmeri S. Wats 
13M ErPo Eriogonum polycladon Benth Sorrel eriagonem 
14N TrLa Tidestromia languinosa (Nett.) Standi 
150 PIPu PlantaRO purshi Indian wheat 

16P LuSp Lupinus sparsiflorus Lupine 
17Q CrPe Cryptantha pterocarya (Torr.) Greene 
18R MeAl Hentzelia albicaulis Dougl 
19S ErDi Eriastrum diffusum (Gray) Mason 

20T EsMe Eschscholtzla mexicana California poppy 

21U PeRe Pectocarya recurvata Johnst 
22V MiLi Microseris linearifolia (DC) Schultz 
23H Bo Co Boerhaavia coccinea Mill. Trailing four-o'clock 
24X Alln Allionia incarnata L. Sida 
25Y SiPr Sida procumbens Spurge 
26Z EuPe Euphorbia pediculifera Engelm 
27A CaPr Carlowrightia arizonica Gray Carlowrightia 
28B ApTe Haplopappus tenuisectus Greene Burroweed 
29C GuSo Gutierrezia sarothrae (Pursch) Britt. Broom snakeweed 
30D GrCo Croton corymbulosus Engelm Croton 

Others CaEr Caliandra eriophylla False mesquite 
ZiPu Zinnia pumila Desert zinnia 
KrPa Krameria parvifolia Benth. Little leaf Krameria 
So- Solanum sp. 

Am- Ambrosia sp. 
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2 Table B.l. Estimates of aboveground net primary production (g/m ) of live 
plus standing recent dead herbage of individual species and 
species (taxonomic) groups. 

Methods of Calculations 

Species A B C D E 

Perennial Grasses 

Aristida ternipes 2.4 9.0 9.0 10.6 6.2 
Bouteloua filiformis 20.1 20.1 22.9 22.3 13.0 
Bouteloua eriopoda 30.0 30.0 28.8 36.1 2.7 
Bouteloua rothrockii 6.3 6.3 5.9 6.8 4.9 
Heteropogon contortus 7.1 7.8 8.7 8.7 0.3 
Muhlenbergia porteri 1.4 1.8 2.7 2.7 0.1 
Trichachne californica 18.6 18.6 23.0 29.0 . 4.4 
Setaria macrostachya 0.3 1.1 1.1 1.6 0.3 

Total 86.2 94.7 102.1 117.8 31.9 

Annual Forbs and Grasses 

Amaranthus palmeri 1.7 2.7 2.6 2.7 0.1 
Cryptantha pterocarya 0.0 6.4 6.4 6.4 4.0 
Eriogonum polycladon 0.1 1.9 2.3 2.3 0.1 
Eriastrum diffusum 0.0 1.3 1.3 1.3 1.3 
Eschscholtzia mexicana 0.0 1.9 1.9 1.9 . 1.9 
Festuca occularis 0.1 1.6 1.6 1.8 1.6 
Kallstroemia grandiflorus 6.3 13.7 12.6 13.7 8.5 
Lupinus sparsiflora 0.0 1.1 1.1 1.1 1.1 
Mentzelia albicaulis 0.0 1.5 1.6' 1.6 1.6 
Microseris linearifolia 0.1 0.5 0.1 0.1 0.6 
Panicum arizonicum 5.5 5.5 4.8 5.5 5.5 
Pectocarya recurvata 0.0 0.7 0.7 0.7 0.7 
Plantago purshi 0.0 11.4 11.4 11.4 10.4 
Tidestromia languinosa 3.0 3.4 3.4 3.4 3.4 

Total 16.8 53.2 51.8 53.9 40.8 

Perennial Forbs 

Allionia incarnata 2.4 3.2 2.4 2.4 0.2 
Boerhaavia coccini 8.6 13.9 13.9 13.9 13.9 
Carlowrightia arizonica 0.0 0.1 0.2 0.2 0.1 
Euphorbia pediculifera 0.7 0.9 0.9 0.9 0.2 
Croton corymbulosus 0.0 4.8 4.8 4.8 0.3 
Sida procumbens 1.3 1.8 1.7 1.8 1.7 

Total 13.0 24.7 23.9 24.0 16.4 

Half-Shrubs 

Haplopappus tenuisectus 0.0 ' 13.5 11.3 19.2 7.7 
Gutierrezia sarothrae 0.0 0.9 0.4 0.4 0.4 

Total 0.0 14.4 11.7 19.6 8.1 

Total Live Herbage 116.0 187.0 189.5 215.3 97.2 
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