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ABSTRACT 

Field and greenhouse studies were conducted in 1986 

and 1987 to determine the impact of disturbance of microphy-

tic soil crust on emergence of two warm season grass species. 

In the greenhouse, emergence of seedlings sown on the top of 

undisturbed crust, under the crust, on disturbed crust, and 

on bare soil was studied. 

The mean number of seedlings of "Cochise" lovegrass 

(Eragrostis lehmanniana X Eragrostis trichophora) and Klein-

grass (Panicuin coloratum) was higher on disturbed field plots 

than undisturbed plots. 

Disturbance reduced the microphytic crust cover, and 

the crust did not recover throughout the growing season. 

Presence of seedlings in samples of litter washed off 

the plots and observation on ants showed that all the seeds 

sown did not remain on the plots during the growing season. 

In greenhouse flats the emergence of seedlings of 

both species was greater on disturbed microphytic crust and 

bare soil than when seeded on top of or under an intact 

crust. Undisturbed crust restricted penetration of roots and 

shoots when seed were placed on or under the crust. 



CHAPTER 1 

INTRODUCTION 

The nature and condition of the soil surface are 

considered to be important factors on rangelands due to their 

effect on hydrological properties of the soil and environment 

for seed germination and establishment. 

The soil surface may be characterized by its cover 

(i.e., vegetation, litter, gravel and sand), by microtopo-

graphy, by cracking patterns, and by strength of crust. In 

many arid and semi- arid areas, vascular plants furnish a low 

ground cover of widely-spaced units. Areas between plants 

are exposed to raindrop impact. Non-vascular or microphytic 

plants often grow on the bare soil surface of these inter

spaces if the soil is undisturbed by trampling or erosion. 

Although the existence of extensive microphytic soil 

crusts in many areas of the Western United States has been 

known for many years, the effects of these crusts remain 

somewhat unclear. Some people have claimed that a micro

phytic crust increases infiltration; thus, it protects the 

soil from erosion and increases soil moisture. Others have 

stated that crusts reduce infiltration, resulting in more 

runoff, greater erosion hazard and lower soil moisture 

content than for a soil without a crust. The role of 

1 
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microphytic soil crust in nitrogen fixation is well-

documented. The impact of microphytic soil crust on seedling 

emergence is controversial. Plant seedling establishment may 

be facilitated in areas where crust cover is pronounced; 

however, some have claimed that seedling establishment and 

soil moisture could be improved by breaking up the micro

phytic soil crust by grazing animals. 

A microphytic crust could affect establishment of 

seedlings either by influencing soil moisture or soil physi

cal properties, or both. A crust could present a physical 

barrier to roots or shoots. Seed falling on a smooth crusted 

surface may have a greater tendency to wash away, blow away 

or be removed by ants than those falling on a rougher, broken 

surface. 

The major objective of this study was to observe the 

effect of microphytic soil crust on emergence of Cochise 

lovegrass (Eragrostis lehmanniana X Eraqrostis trichophora) 

and Kleingrass (Panicum coloratum) . These are two warm 

season grasses with seeds of different size. 

Specific objectives were to: 

1. Determine in field trials the effects of microphytic 

soil crusts on seed persistence and emergence of 

Cochise lovegrass and Kleingrass. 
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2. Determine in a greenhouse the effect on emergence of 

sowing seed on the top of a crust, under a crust, on 

disturbed crust and on bare soil. 



CHAPTER 2 

LITERATURE REVIEW 

Occurrence and Taxonomy of 
ivilcrophytic Soil Crust 

Microphytic soil crust communities are common in the 

arid regions of the Western United States. Well-developed 

microphytic crusts occur throughout the Great Basin Desert, 

the semi-deserts of the Colorado Plateau, the desert grass

land, and in many pinyon-juniper communities of Utah, Nevada, 

Arizona, Colorado, New Mexico and Wyoming (Fletcher and 

Martin, 1948; Durrell and Shields, 1961; Anderson, Harper and 

Holmgren, 1982). 

Characteristics of the algal constituents of micro

phytic crusts have received the most attention. Shields and 

Durrell (1964) cited a large number of mainly descriptive 

studies on soil algae for varied locations throughout the 

world, including Europe, Central and South America, Austra

lia, Russia, and Africa. 

Taxonomy of soil algae have been studied by Petersen 

(1935), Fritsch and John (1942), Lund (1945, 1946, 1949), 

Durrell (1959), Hayek and Hulbary (1956), Bischoff and Bold 

(1963), and Cameron (1964), while several desert lichens have 

been studied by Fink (1901) and Rogers and Lange (1971). 

4 



In the vicinity of Tucson the algae of the desert 

crust were found to be members of the Cyanophyceae family, as 

well as the genera Oscillatoria, Nodularia, Nostoc and sev

eral members of the Chroococcoceae (Cameron, 1964) . Cameron 

(1940) also mentioned that the most common algae in the soil 

crust in southern Arizona are Protococcus grevelli and 

Tichococus subtilus. Filamentous blue-green species such as 

Nostoc muscorum, Saytonema hofmannii, Schizothrix calcicola, 

Microcoleus vagitanus, and Microcoleus cinnamomeus are 

frequently found in desert soil crusts (Cameron and Blank, 

1966). Anderson and Rushforth (1976) identified mosses, 

lichens and algae associated with the soil crust in southern 

Utah. They found 81 microphytes. Fifty-eight of these were 

algae, of which 11 were blue-green algae, one was a green 

algae, one was a eugleno-phyte, and 45 were diatoms. Six 

species of mosses were found, and there were 17 lichens from 

six different families. 

Effect of Microphytic Crust on Soil 
Moisture and Soil Stability 

Microphytic soil crusts are of importance in arid and 

semi arid regions for several reasons, such as water infil

tration and the stabilizing action on desert soils. 

Some studies show increased infiltration of water due 

to the presence of small cracks in microphytic crust while 

others show reduced permeability. Booth (1941, pp. 38-39) 
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described an algae stratum over "hundreds of acres of badly 

eroded land in the south central United States." In contrast 

with a rain crust, this algae layer did not slow down water 

infiltration. Loope and Gifford (1972) found that micro-

phytic pedestals help prevent surface sealing, and they also 

create some detention and retention storage, thus increasing 

infiltration. Booth (1941) and Brotherson and Rushforth 

(1983) mentioned that the complicated microtopography typical 

of crusted soils increases infiltration of rainwater. 

Consequently, sedimentation which results from extensive 

runoff and erosion losses were minimized. However, Loope and 

Gifford (1972) mentioned that high lichen cover significantly 

impeded permeability. In general, the greater the lichen 

cover, the greater the resistance to infiltration. 

Most of the researchers indicated that microphytic 

crusts stabilize soil surface because of reduced runoff and 

binding of soil particles. Soil aggregation, particularly by 

filamentous blue-green algae (Cyanophyta), has been shown to 

reduce detachment of soil particles by wind and by rain 

(Anantani and Marathe, 1974; Fletcher and Martin, 1948). 

Anderson, Harper and Rushforth (1982) reported that in many 

semi deserts where the soils are gravelly, a pavement of 

pebbles provide protection from erosive forces of wind and 

water. However, microphytic crusts, though less obvious, are 

also of importance in the control of erosion in the inter
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spaces, particularly where the gravel pavement is light or 

absent. Kleiner and Harper (1972), in their analysis of two 

grassland communities in Canyonlana National Park, suggested 

that in the absence of excessive grazing, lichens and mosses 

tend to stabilize the sandy, erodible soil, adding to the 

long-term stability of desert grasslands. Ali and Sandhu 

(1972) proposed using blue-green algae as primary colonizers 

to stabilize highly saline soil. 

There is still some question, however, whether crusts 

stabilize the soil or whether crusts develop where the soil 

is stable. Fritsch (1907) discussed the role played by soil 

algae in plant succession. He concluded that an algae cover

ing the surface of dry, sandy soil regulated the moisture of 

the soil, thus forming a shelter for seed plants. Piercy 

(1917) described the algal crust on the soil and how it 

thrived during part of the season when the grasses died as a 

result of drought. Elwell, Slosser and Daniel (1939) 

observed a surface crust on abandoned farm land in the Red 

Plains Region in Central Oklahoma, where succession had 

produced a partial cover of perennial bunch grass. 

Effect of Environment on Microphytic Crusts 

Microphytic crusts such as lichens had a high 

resistance to death by desiccation in the Sonoran Desert 

(Cameron, 1962). Lund reported that many species of algae 

also can withstand prolonged and severe drought. Survival 
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under desert conditions was discussed by Fletcher and Martin 

(1948) and Degopik (1956) . Resistance to drought, and high 

salt concentrations tend to go together and can be attribut

able to the character of cell walls and underlying protoplasm 

(Fritsch and Haines, 1923) . Longevity has been discussed by 

Bristol (1919), Lipman (1941) and Becquerel (1942) . They 

mentioned that Nitzschia palea was the diatom which developed 

from soils that have been air dry for 70 to 98 years. 

There is little information on the temperatures 

tolerated by microphytic soil crusts and specifically algae. 

Cameron and Blank (1966) have found that desert algal-lichen 

soil crusts can survive, grow and reproduce in culture after 

subjection to extreme cold. This characteristic would adapt 

the soil microflora to harsh environmental conditions. A 

short period at 60°C to 90°C did not kill certain algae 

species of Cyanophyta when wet, and they were tolerant of 

heating from 95°C to 100°C when dry, but 110°C seems fatal to 

all soil algae (Booth, 1946). St. Clair, Webb and Nebeker 

(1984) found a devastating effect of fire on soil crusts. 

Effect on Soil Nitrogen 

Besides the physical role of biological crusts in 

semi-desert environments, researchers have reported on their 

role in nitrogen fixation. The evidence of nitrogen fixation 

by algae presented by early workers was not universally 

accepted because of .the possibility of bacterial contamina
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tion or inadequate methods of nitrogen determination (Blinks, 

1951) . The blue-green algae may be the most important 

nitrogen-fixing agent in many agricultural soils (Allison and 

Morris, 1930). Cameron and Fuller (1960) reached the same 

conclusion as Allison and Morris when they isolated fila

mentous blue-green algae from algae and lichen soil crust. 

Macgregor and Johnson (1971) found that premoistened 

algae crusts were capable of producing ethylene equivalent to 

0.7 g of N/cm^ of algae crust per hour. On the basis of 

their findings, they concluded that one hectare of desert 

grassland may receive a nitrogen input of 3 to 4 g of N/hour 

following a rainfall. Snyder and Wullstein (1973) reported 

that nitrogen fixation in microphytic crusts contributed only 

small quantities of nitrogen to local sites of the desert 

ecosystem. Terry and Burns (1987), in a study at camp Floyd 

State Park, Utah, found that nitrogen fixation was seven 

times greater in intact crust than where the crust was dis

turbed and indicating that the majority of nitrogen fixation 

was conducted by Cyaphytes in the upper surface of the crust. 

Rychert and Skujins (1974) studied the effects of moisture, 

temperature and light, intensity on nitrogen fixation in 

crusts from the Great Basin Desert. These researchers 

estimated that algae-lichen crusts fix from 10 to' 100 kg 

N/ha/yrl. The nitrogen fixed by the microphytic crust may be 

cycled through soil microorganisms, higher plants and 

animals. 
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Effect ori Seedling Establishment 

Seedling emergence and establishment may be affected 

by crust strength, which is highly related to soil moisture 

content. 

Some studies on non-microphytic crust indicated the 

influence of crust on seedling emergence. Taylor (1962) 

showed that none of the seedlings of wheat, sorghum, and guar 

emerged through surface crusts, regardless of crust 

thickness. Also, he mentioned that as the hardness of the 

crust decreased, a greater proportion of seeds that germin

ated eventually emerged through the crusts. Richards (1953) 

and Hanks and Thorp (1965) have shown that as soil crust 

hardness increases, ultimate seedling emergence decreases. 

They mentioned that at a given crust strength, seedling 

emergence was lowest where the soil moisture content was 

lowest. At a constant moisture content, seedling emergence 

decreased with increasing soil crust strength. 

Breazeale (1929) and Nebeker and St. Clair (1980) 

observed that vascular plant seedling establishment tends to 

be facilitated in areas where microphytic soil crusts are 

well developed. This was due partly to the improved water 

and mineral nutrient relationships typical of crusted soils 

(Booth, 1941; Mayland and Mcintosh, 1966a). 

Disturbance of microphytic soil crust through 

trampling by grazing animals may be beneficial to seedling 
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emergence if a source of seeds exists in the disturbed area. 

Savory and Parsons (1980, p. 235) suggested the possibility 

that short duration grazing can increase forage production. 

Part of this response is the result of the principle of 

physical animal impact. They stated that: 

The one ecological principle which was really 
revolutionary and hard for trained people to accept 
(because it was contrary to their teaching) was that 
physical animal impact is not detrimental to deteri
orating arid ranges but is in fact desirable to 
hasten the advance of plant succession. This is 
achieved through hoof action, which improves water 
penetration by breaking-up surface capping algae, 
lichens and moss communities, and allows for greater 
grass seedling success. 

However, Rogers and Lange (1971); Anderson, Harper and 

Rushforth (1982) claimed that the stabilizing effect of the 

crust is reduced under grazing impact. Brotherson, Rushforth 

and Johansen (1983) reported that microphytic cover on 

pinyon-juniper ranges of northern Arizona was reduced by 

domestic animal grazing activity. Both total cover and the 

number of species in the mycrophytic community decreased 

under grazing. 

Harper, Williams and Sagar (1965) studied the role of 

heterogeneity of soil surfaces in determining the establish

ment of plants from seed. They suggested (after pigs have 

trodden the plots) that disturbance of the soil surface had 

created special conditions suitable for seedling establish

ment. Wood, Eckert, Blackburn and Peterson (1982) investi

gated the influence of crusting soil surfaces on emergence 
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and establishment of three grasses and shrub species. They 

concluded that more seedlings emerged and established on 

non-crusting coppice soil than on crusting interspace soil. 

Mcllvanie (1942) observed that on soils protected from 

grazing, a covering of algae and mosses prevented contact 

with the mineral soil and germination of Panicum and 

Eraqrostis species, apparently through drying of the seed. 

On the other hand, St. Clair, Webb, Johansen and 

Nebeker (1984), in a study on Camp Floyd State Park, Utah, 

found that an intact or undisturbed microphytic soil crust 

enhanced seedling establishment, regardless of the crust's 

composition. However, they added that there may be signi

ficant reductions in establishment in a well-developed crust 

where the entire plant community has been protected from 

disturbance for an extended period of time. 

Recovery of Microphytic Crust 
from Disturbance 

Recovery of microphytic soil crust from disturbance 

has been investigated recently. Anderson, Harper and 

Rushforth (1982) found that recovery of disturbed microphytic 

crust occurs in less than 15 years. Recovery of crusts from 

disturbance follows several trends. Algae are the most 

resistant component to disturbance and are also the quickest 

to recover (Anderson, Harper, and Holmgren, 1982) . Lichens 

and mosses are slower to recover. Anderson, Harper and 



13 

Holmgren (1982) found that lichens and mosses had become well 

established after a 14 to 17-year period of protection from 

grazing. However, they had no way of knowing the shape of 

the recovery curve of microphytic crusts for the interval 

between one and fifteen years. St.Clair et al. (1984) 

mentioned that recovery of microphytic crusts had occurred 

five years after a burn. They added that the most important 

factor which contributed to this recovery was the above 

normal precipitation for three years. 

Summary 

The literature review indicates: 

1. Microphytic soil crusts are widespread in arid and 

semi-arid regions and may be important because they 

contribute to nitrogen fixation in soil, stabilize 

the soil surface, and may improve water infiltration, 

although the last point is controversial. 

2. Some authors claim that well developed-inicrophytic 

soil crusts facilitate emergence and establishment of 

vascular plants on rangeland. Some other authors 

support the view that a physical impact on microphy

tic soil crust can aid plant establishment on arid 

rangelands. Thus, the effect of microphytic soil 

crusts on seedling emergence and establishment is 

still controversial. 
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Disturbance decreases microphytic soil crust cover 

and reduces its stabilizing effects. The rate of 

recovery of algal crusts is fairly rapid, at least 

under favorable moisture conditions. However, it may 

take more than a decade for crusts of mosses and 

lichens to recover. 



CHAPTER 3 

FIELD STUDIES 

Objective 

The objective of this study was to observe whether 

disturbance of soil microphytic crusts affected emergence and 

persistance of grass seeds broadcast on the surface. It was 

hypothesized that: 

1. Breaking up the crusts would improve seedling 

germination and emergence by increasing chances for 

seed to be covered and by reducing physical barriers 

to shoots and/or root growth. 

2. Breaking the crusts would reduce the loss of seeds 

from the plots by wind or runoff by increasing the 

surface roughness. 

Since it was thought that these effects might vary 

depending on characteristics of the seeds sown, two species 

of grass were used: Cochise lovegrass and Kleingrass. Both 

species have smooth seed but seed of Cochise lovegrass are 

much smaller (9,000,000 seeds/kg) than seed of Kleingrass 

(2,000,000 seeds/kg). 

15 
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Description of the Study Area 

The study area is located at the northwest corner of 

the Santa Rita Experimental Range in the NE 1/4 of Section 

34, T14S, R14E of the Gila and Salt River Base and Meridian. 

The Santa Rita Experimental Range is located approximately 45 

km south of Tucson. Precipitation extremes near the site 

have varied from less than 250 mm to over 750 mm per year. 

Precipitation averaged over a 60-year period was 290 mm at 

the Northwest Station rain gauge located about 2 1/4 km from 

the study area. Cable (1975) reported that 60% of rainfall 

at the Santa Rita Experimental Range occurs during the summer 

growing season, from early July to late September; the rest 

of the rainfall falls during the winter rainy season from 

December to April. 

Temperatures at the Santa Rita Experimental Range 

vary from freezing in winter to over 40° C in midday in 

summer (Martin and Reynolds, 1973). The potential evapora

tion averaged 2770 mm/year for a 14-year period (Humphrey, 

1958). Low relative humidities, high temperatures and high 

wind speed result in a high evaporation rate. 

The study area was located on a uniform sandy loam 

upland range site found in Major Land Resource Area D40 

(Jordan, 1981)with an average annual precipitation -varying 

from 200 to 305 mm. The soil was described as Sonoita soils, 

which were categorized as well drained soils formed in old 
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alluvium weathered from granite and related acid igneous 

rock. They are found on alluvial fans and low terraces 

(Richardson, Clemmons and Walter 1979). Slope on the study 

area was 2 to 3%. Soil samples taken from a depth of 5 cm 

were brought from the study area and analyzed in the labora

tory of Soils and Water Sciences (University of Arizona). 

Mean values of five samples showed the following analysis: 

Organic matter 0.68% 

Sand 70.00% 

Silt 22.30% 

Clay 7.60% 

Available phosphorus < 2 ppm 

pH 6.9 

The study area was selected because of the good cover 

of microphytic soil crusts, mainly algae. The vegetation is 

generally described as desert shrub type. The most important 

shrubs in the area are mesquite, burroweea and Opuntia. A 

few perennial grasses, such as plain bristle and bush muhly 

are found in the area. 

Procedure, Experiment 1 

Experimental Design 

The experimental design was a randomized complete 

block. Ten blocks were selected with soil covered by 

microphytic crust. Each block contained four l-m^ plots 
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marked by wooden stakes. The top of the stakes was marked 

with the block number, and the plots were numbered using 

livestock ear tags for easy identification through the 

growing season. A white string was used to describe the 

boundary of each plot. 

Treatments 

Soil treatment consisted of disturbing the micro-

phytic soil crust with a wooden stake. Two randomly selected 

plots in each block were disturbed and the two other plots 

left undisturbed. The disturbance was applied on July 2,1986, 

a few hours before the first rainfall of the summer season. 

Seed of two warm season grasses were broadcast by hand in 

each individual plot. The seedling rate was 5,200 seeds/m2 

for Cochise lovegrass and 12,000 seeds/m 2 for Kleingrass. 

These rates were calculated to give equivalent numbers of 

pure live seed (PLS) for each species based on 80% PLS and 

36% PLS, respectively. The four treatment combinations in 

each block are summarized as follows: 

1. Disturbed/Cochise 

2. Undisturbed/Cochise 

3. Disturbed/Kleingrass 

4. Undisturbed/Kleingrass 
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Rainfall Data 

A rain gauge measuring 60 cm depth and 20 cm diameter 

was placed in the study area for recording the amount of 

rainfall on a daily basis. 

Measurement of Crust Cover and Strength 

A ten-point frame was used to measure the percentage 

of microphytic soil crust cover in each plot before the 

disturbance and on disturbed plots at intervals during the 

rest of the study. Thirty points were recorded for each 

plot. 

A Soil Test model CL 7 00 pocket penetrometer was used 

to measure the strength of the crust before and after dis

turbance at the same time as the cover measurement. The 

following criteria were set to characterize the resistance of 

the microphytic soil crust to the penetrometer. 

0 - 0 . 5  K g / c m ^  w e a k  s u r f a c e  c r u s t  

0.5 - 1 Kg/cm^ moderate surface crust 

> 1 Kg/cm^ strong surface crust 

Seedling Emergence 

Numbers of seedlings emerged in all plots were 

recorded daily through the growing season or survival period. 

The location of seedlings were determined in plots by 

observing the place where the seedlings emerged. 
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Samples For Bioassay 

Immediately after treatment, three 4 x 6 cm soil 

samples were taken from each individual plot. The samples 

were put in plastic bags and labeled with the plot number. 

This sampling was repeated on two additional dates (July 24 

and August 10) to test the persistence of seeds on plots 

after significant rainfall. 

The soil samples were brought in the greenhouse for 

bioassay. In the greenhouse, 120 plastic cups were lined 

with a paper towel at the bottom and half filled with sand. 

The bioassay samples were placed at the top of the sand. A 

layer of vermiculite was put over the top of the samples to 

minimize evaporation. 

Water was applied to the cups with an overhead spray 

sprinkler system. The spray bar consisted of a 1.5 cm 

diameter pipe with 9 spray nozzles. An automatic timer was 

set for two watering sequences a day (6 am and 6 pm). 

The number of seedlings was counted every other day 

for two weeks. Seedling density was compared to determine 

seed persistence for different treatments and sampling date. 

Observation on Ants and Litter Sampling 

Observations were made on insect activities on plots, 

and 27 samples of litter were collected from the vicinity of 

the plot and plots, and were brought in the greenhouse for 

bioassay study using the same procedure as described above. 
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Procedure, Experiment 2 

In 1987, the experiment was repeated to collect more 

information on seedling emergence after more severe disturb

ance of the microphytic crust. 

Experimental Design 

The experimental design remained the same as Experi

ment 1, but only five blocks of four plots each were randomly 

chosen. 

Soil Treatment 

On June 18, 1987, ten disturbed plots from the previ

ous summer were redisturbed by heel marks. By placing a boot 

heel on the crust and rotating the boot horizontally 90°, ten 

heel prints were created in each of the ten disturbed plots; 

the ten other plots were left undisturbed. These heel prints 

created depressions measuring 14 cm diameter and 4 cm deep. 

This size is similar to the hoof prints of cattle observed on 

the same soil as that on which the study plots were located. 

Seeding 

The plots sown to Cochise lovegrass in 1986 were sown 

to Kleingrass in 1987 and vice versa. This procedure was 

used so that seedlings from the 1986 and 1987 seedlings would 

be distinguished. 

The treatment combinations in each of the five blocks 

are summarized as follows: 
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1. Redisturbed/Cochise lovegrass 

2. Undisturbed/Cochise lovegrass 

3. Redisturbed/Kleingrass 

4. Undisturbed/Kleingrass 

The data on crust cover and strength, sampling for bioassay 

and bioassay study were collected the same way as described 

in Experiment. 

Analysis of Data 

The data collected in both experiments were subjected 

to analyses of variance. Least significant difference (LSD) 

tests at the 0.05 and 0.01 level of significance were used to 

determine the difference among treatment means. 

Results and Discussion 

Effect of Disturbance on Crust 
Cover and Strength 

The initial mean cover of microphytic crust was 71% 

in all the plots during the 1986 experiment. In the 20 plots 

disturbed, the mean cover was 67.8% (+4.63) before disturb

ance and decreased to 45.1% (+ 5.55) after disturbance 

(Figure 1). Prom July .9, 1986 to June 1987 , the mean cover 

of crust did not reach that measured before disturbance. 

Analysis of variance showed that the reduction in cover by 

disturbance was significant (P <_ 0.05), and there was no 

significant recovery of crust cover the following year. 
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Fig. 1. Microphytic crust recovery trend in 1986. — Bars 
followed by the same letters are not significantly 
different at 0.05 probability level as determined by 
LSD test. 

In 1987, the mean cover was 39% (+ 5.9) before redis-

turbance, then dropped to 32.1% (+ 9.3) after soil treatment. 

The analysis of variance of the 1987 data (Fig. 2) showed 

that redisturbance did not result in reduction in mean cover, 

and there was no significant recovery of crust cover through 

the summer season. 

0ATE 

Fig 2. Microphytic crust recovery trend in 1987 . — Bars 
followed by the same letters are not significantly 
different at 0.05 probability level as determined by 
LSD test. 
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Physical disturbance decreased average crust 

strength. In 1986 before soil treatment, the mean crust 

strength was 0.95 kg/cm^ (+ .10) and was categorized as a 

strong to moderate crust. After disturbance, the strength 

decreased to 0.43 kg/cm^ (+ .08) and was categorized as a 

weak crust. Through the summer season of 1986, crust 

strength increased to 1.16 kg/cm^ (+ 0.16) in disturbed plots 

(Table 1) . 

During the 1986 and 1987 experiments, disturbed 

microphytic crusts did not recover, indicating that crust 

recovery in this climatic zone takes more than one year. 

Johansen and St. Clair (1984) indicated that recovery of 

mosses and lichens may take 14 to 17 years, while algal 

recovery may occur in 3 years when the rainfall is adequate. 

Seedling Emergence in Relation 
to Rainfall and Disturbance 

Summer total precipitation in 1986 in the study area 

was 45% below the long term average and 18% below the 1986 

average precipitation reco^'ed at the Northwest Station, 

located about 2 1/4 km south of the study area (Table 2). 

In 1986, the rainy days and the dry period sequences 

in the study area were very irregular, with one or two rainy 

days typically followed by several dry days during July and 

August {Table 3) . 
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Table 1. Effect of disturbance on crust strength in 1986. 

Date Mean Crust Strength Standard Error 
of the Mean 

kg/cm^ 

7-2-86 (before disturbance) .95 .10 

7-9-86 .43 .08 

10-12-86 1.16 .07 

Table 2. Summer precipitation at the study area and at 
Northwest Station (millimeters). 

Locations 

Months Study Area Northwest Station Northwest Station 

1986 1987 1986 63-year Mean 

June 0 0 6 8 

July 37 13 34 65 

August 32 47 43 58 

September 20 13 26 34 

Summer total 88 73 111 164 
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Table 3. Daily rainfall during July and August, 1986 at the 
study area. 

Date Quantity (mm) Date Quantity (mm) 

July August July August 

1 0 0 16 13 0 

2 1 0 17 0 20 

3 0 1 18 8 0 

4 0 0 19 0 0 

5 0 0 20 0 0 

6 0 0 21 1 0 

7 0 0 22 0 4 

8 0 0 23 12 2 

9 0 0 24 0 0 

10 0 3 25 0 0 

11 0 0 26 0 0 

12 0 0 27 0 0 

13 ' 0 2 28 0 0 

14 0 0 29 0 0 

15 1 0 30 0 0 

Total 37 32 
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Table 4. Mean seedling density of Cochise lovegrass and 
Kleingrass in 1986. 

Disturbed plots Undisturbed plots 

Dates Cochise Kleingrass Cochise Kleingrass 
Lovegrass (Seedlings/ lovegrass (Seedlings/ 

in2 m2) 

7-25-86 3.9 (2. 14)* 1.6 (.81) 0 ,3 (.3) 

7-31-86 1.6 (1.24) .4 (.96) 0 0 

8-02-86 .8 (0.21) .3 (.3) 0 0 

8-03-86 0 0 0 0 

* Numbers in parentheses are the standard error of the mean. 
Each mean is based on 10 replications. 
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Table 5. Daily rainfall during July and August 1987 at the 
study area. 

Date Quantity (nun) Date Quantity (mm) 

July August July August 

1 0 0 16 0 0 

2 0 5 17 • 0 0 

3 0 0 18 0 0 

4 0 10 19 0 0 

5 0 0 20 0 0 

6 0 0 21 0 8 

7 0 1 22 0 2 

8 0 0 23 0 0 

9 0 0 24 0 2 

10 0 15 25 0 0 

11 0 4 26 2 0 

12 0 0 27 0 0 

13 0 0 28 0 0 

14 0 0 29 0 0 

15 10 0 30 0 0 

31 _0 _0 

Total 12 47 
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Germination of seeds likely began between July 15 and 

July 18 when a total of 22 mm of rain was recorded. Seedling 

emergence occurred on July 24 following rain recorded on July 

21 and 23. 

Emergence of each species was higher in disturbed 

plots than in undisturbed plots, which had essentially no 

emergence. The density of seedlings emerging was twice as 

high for Cochise lovegrass as for Kleingrass. However, by 

August 3, all the seedlings were dead regardless of the soil 

treatment (Table 4). Because of the low density of emergence 

in all treatments and the prevalence of zero values, analysis 

of variance was not considered appropriate and necessary. 

Rainfall in July and August was lower in 1987 than 

1986, as shown in Table 5. In 1987, seedling emergence 

occurred during two distinct periods. The first cohort of 

seedlings occurred on August 5 after 15 mm of rain had been 

recorded in the preceding 3-day interval. After four days of 

dry weather the seedlings died. The second cohort of seed

lings emerged on August 12 after 19 mm of rain was recorded 

on August 10 and August 11. Seedlings lasted four days on 

redisturbed plots, and only two days on undisturbed plots, as 

shown in Table 6. 

Schreiber and Sutter (1972) found that the probabil

ity of water availability for plant growth in southeastern 

Arizona, defined as "four consecutive days" of wet soil, was 
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Table 6. Mean seedling density of Cochise lovegrass and 
Kleingrass seedlings in 1987. 

Date Disturbed Plots Undisturbed Plots 

Cochise Kleingrass Cochise Kleingrass 
Lovegrass (Seedlings/ Lovegrass (Seedlings/ 

m2) m2) 

Cohort 1 

8-5-87 32.4 (6.4)* 11. 4 (3. 4) 1.8 (.8) 1.4 (.8) 

8-6-87 20.0 (5.1) 6. 0 (2. 0) 0.6 (.4) 0.4 (.2) 

8-7-87 13 . 0 (5.4) 2. 0 (1. 2) 0.0 0 . 0 

8-8-87 0.0 0. 0 0.0 0.0 

Cohort 2 

8-12-87 79.0 (16.1) 42. 4 (8. 6) 11.6(1.56) 12.6 (1.7) 

8-13-87 60.0 (8.9) 32. 6 (9. 0) 4.0 (1.3) 6.0 (2.1) 

8-14-87 18.5 (2.4) 14. 0 (5. 6) 0 . 0 0.0 

8-15-87 4.0 (1.8) 2. 0 (1. 3) 0.0 0.0 

8-16-87 0.0 0. 0 0.0 0.0 

* Numbers in parentheses are the calculated standard error of 
the mean. Each mean is based on 5 replications. 
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highest from July 5th to August 10th. Frasier, Cox and Wool-

hiser (1987) showed that if the wet period is very short, 

most of the seeds will not germinate and will survive the 

following dry period as viable seeds. 

Analysis of variance of the data on emergence of the 

first cohort in 1987 (Table 7) showed that the effect of 

crust disturbance on seedling emergence was significant and 

the mean number of emerged seedlings was higher in disturbed 

plots than in undisturbed plots. 

There was no significant difference in emergence of 

the two species and no significant interaction of species 

with treatment. Analysis of variance of the second seedling 

cohort gave the same result for the first seedling cohort 

(Table 8). 

Location of Seedlings in Plots 
in Relation to Soil Treatment 

Disturbing the plots in 1986 with the wooden stake 

created shallow depressions with remnants of remaining crust 

in them. In 1987, the heel marks created deeper depressions 

and the crust was completely obliterated. Most of seedlings 

recorded during both 1986 and 1987 emerged from these 

depressions, as shown in Tables 9, 10 and 11. 

Eighty percent of the total number of seedlings in 

the disturbed plots emerged from depressions and twenty 

percent from non-crusted interspace. In the undisturbed 
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Table 7. Analysis of variance of seedling density of first 
cohort emerged in 1987. 

Source of Degrees of Mean F-Value Probability 
Variation Freedom Square Level 

Blocks 4 502.4 

Soil treatment 1 2060.6 8.62 0.012 

Species 1 572.5 2.39 0.148 

Soil treatment x 
Species 1 530.5 2.22 0.162 

Error 12 239.1 

Table 8. Analysis of variance of seedling density of the 
second cohort emerged in 1987. 

Source of 
Variation 

Degrees of Mean F-Value Probability 
Freedom Square Level 

Blocks 

Soil treatment 

Species 

Soil treatment x 
Species 

Error 

4 

1 

1 

1 

12 

2007 

11760 

1566 

1748 

1482 

7 .94* 

1.06 

1.18 

0.015 

0.324 

0.298 
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Table 9. Number of seedlings per by location of seedling 
emergence in 1986. 

Disturbed plots Undisturbed plots 

Species Crusted Crusted Non- Total Crusted Non- Total 
Depres- Surface crusted Surface crusted 

sion Surface Surface 

Kleingrass 1.1 0 .51.6 0 .3 .3 

Cochise 3.3 0 .6 3.9 
lovegrass 

Table 10. Number of seedlings per by location of seedling 
emergence in plots in 1987 (Cohort 1). 

Disturbed Undisturbed 

Species Heel Crusted Non- Total Crusted Non- Total 
Marks Space Crusted Surface Crusted 

Surface Surface 

Kleingrass 5.0 0 

Cochise 14.2 0 
lovegrass _ 

Total 19.2 0 

% 88 0 

.7 5.7 

.20 16.2 

.27 21.9 

12 100 

0 

1 

1 

6 

.7 

. 8  

.15 

94 

.7 

.9 

.16 

100 



plots no emergence occurred where the surface was crusted. 

All the seedlings emerged on non-crusted areas. 

The data in Tables 10 and 11 showed that the highest 

percentage of seedling emergence occurred in the heel marks. 

The results obtained in the field in 1986 and 1987 support 

the hypothesis that disturbance contributes to increased 

seedling emergence. These results agree with the conclusion 

of Harper, Williams and Sagar (1965), who showed that 

disturbance of soil surface may create special conditions 

suitable for seedling emergence and establishment, and of 

Mcllvanie (1942), indicating that germination of grass seed 

sown on an area with an intact algae crust was materially 

less than germination on grazed areas. 

Bioassay 

In 1986 the number of seedlings which emerged from 

the bioassay taken immediately after sowing documented the 

presence of seeds on the plots. However, the number of 

seedlings emerged from the second bioassay sample collected 

on July 24 and the third bioassay sample collected on August 

11 indicated greatly reduced number of seeds germinating 

(Table 12). 

In 1987, the number of seedlings which emerged in the 

first bioassay also were much greater than for the two 

following samples (Table 13). 
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Table 11. Number of seedlings per by location of emerged 
seedlings in plots in 1987 (Cohort 2), 

Disturbed Undisturbed 

Species Heel Crusted Non- Total Crusted Non- Total 
Marks Space Crusted Surface Crusted 

Surface Surface 

Kleingrass 15.9 0 5.3 21.2 0 6.3 6.3 

Cochise 33.5 C. 6.1 39.4 0. 5.8 5.8 
lovegrass 

Total 49.4 0 11.2 60.6 0 121 121 

% 81.5 0 18.5 100 0 100 100 

Table 12. Total number of seedlings in bioassay samples in 
1986. 

Date Disturbed Plots Undisturbed Plots 

Cochise Kleingrass Cochise Kleingrass 
Lovegrass Lovegrass 

7/02/86 536 313 1000 247 

8/10/86 7 5 3 3 

8/11/86 10 5 3 1 
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Table 13. Total number of seedlings counted in bioassay 
samples in 1987. 

Date Disturbed Plots Undisturbed Plots 

Cochise Kleingrass Cochise Kleingrass 
Lovegrass Lovegrass 

6/18/87 238 147 205 85 

7/22/87 38 3 8 35 

8/10/87 5 16 9 2 
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Many factors such as dessication and death of germi

nated seeds, removal of seeds by insects, and loss of seeds 

by wind and runoff could act individually or combined to 

reduce viable seeds remaining in the field plots when 

bioassay samples were collected. 

Effect of Runoff and Insects 
on Seeds in Plots 

Some observations of the effect of runoff and insect 

activities were made in the field plots. Although runoff was 

not observed directly, the presence of rills and litter 

accumulation patterns indicated that runoff was occurring. A 

total of 20 seedlings were recorded from bioassay of the 

litter samples brought into the greenhouse. Presence of 

seeds in litter indicates that runoff washed seeds away from 

plots during high intensity summer rain storms. 

A total of 69 nests of insects and rodents were 

identified in the study area. Observations on activity of 

red ants on one plot showed that each red ant removed 

Kleingrass seeds from the plot at a rate of one seed every 

two minutes with the nest located 2 m from the plot. Ants 

were not observed to remove Cochise lovegrass. These obser

vations in the field on ants may partly explain the 

disappearance of seeds from the plots before germination and 

emergence. Mcllvanie (1942) reported from one of his studies 
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that the species Boutel oua rothrockii was removed by ants 

before germination. 



CHAPTER 4 

GREENHOUSE STUDY 

Objective 

The objective of this study was to investigate the 

effect of microphytic crust as a physical barrier to seedling 

growth. The study was designed to compare the emergence of 

seeds placed under a crust or on top of a crust with those 

broadcast on disturbed crusts and on uncrusted bare soil. 

The same two grass species as used in the field 

studies were used to compare influence of seed size on the 

effects of the crust. 

It was hypothesized that: 

1. Radicles of seedlings on top of microphytic soil 

crust cannot penetrate to mineral soil and be 

established. 

2. Seeds under microphytic soil crusts cannot emerge 

through the crust. 

3. Seedling emergence is higher on bare soils and on 

disturbed crust than soils with undisturbed micro

phytic soil crust. 

39 
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Procedure 

Experimental Design 

The experimental design was a randomized block, split 

design plot with four blocks, four dates for seedling counts 

as the main factor, four treatments (seeds placement vs soil 

surface conditions), and two sub-plots (grass species). 

Soil Treatment and Seeding 

The study was conducted in the greenhouse. Since the 

microphytic crusts were disturbed when soil samples were 

taken, it was necessary to try to re-establish these crusts 

in the greenhouse before starting the experiment. 

On July 21, 1986, microphytic soil crusts from the 

study area were obtained. Sixteen plastic greenhouse flats 

were filled with sieved soil. Crust was placed on top of 12 

of these and four were left bare. Soil in eight of the flats 

was sprinkled twice a day for two weeks to allow crust 

recovery. 

After the crust had been re-established and allowed 

to dry and harden, the following main treatments were 

applied. 

1. Seed placed on the top of crust. 

2. Seed placed under the crust. This was done by 

lifting the crust with a spatula. 

3. Crust disturbed with a wooden stake and seed placed 

on disturbed surface. 



4. Seed placed on "bare soil," i.e., the non-crusted 

surface. 

Each of these treatments was replicated four times. 

One half of each flat was seeded to Cochise lovegrass and the 

other half to Kleingrass. One hundred seeds of each species 

were sown in each flat, with respectively 80% and 36% of pure 

live seed. 

After seeding, all plots were watered for two days to 

germinate the seeds. The watering was then stopped and the 

soil was allowed to dry for four days. Since the crust hard

ens as it dries, crust strength and its effects on seedlings 

are related to the watering sequence. The sequence of two 

days wet followed by four dry approximates rainfall patterns 

observed in the field in 1986. 

Data Collection and Analysis 

The number of seedlings were counted daily. Emerg

ence and survival on each soil treatment were observed. Data 

were subjected to analysis of variance, and least significant 

difference (LSD) tests were used to determine differences 

among means. 
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Results and Discussion 

Emergence of Seedlings in 
Relation to Soil Treatment 

Seedling emergence occurred in all soil treatments on 

August 13, 1986, two days after planting. 

Analysis of variance of the percentage of viable seed 

that emerged as seedlings during four days of experiment 

shows significant effects of date, soil treatment, and 

species. The Species x Treatment interaction al.so was signi

ficant (Table 14). 

The means for the interaction of soil treatment and 

species on seedling emergence is shown in Table 15. 

The percent seedling emergence was not significantly 

different whether seeds were sown on the top of the crust or 

under the crust (Table 15). More seedlings emerged from the 

disturbed crust and bare soil treatment than those where the 

crust was intact. This higher emergence on disturbed crust 

and bare soil was statistically significant for Cochise 

lovegrass but not significant for Kleingrass. It appears 

that the larger seed of Kleingrass gave it sufficient 

seedling vigor to penetrate the crust. 

Physical Effect of Crust on 
Seedlings Radicles 

Regardless of the soil treatments, most of germinat

ing seedlings emerged through the cracks (Table 16) . The 
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Table 14. Analysis of variance of the percentage of emerged 
seedlings related to soil treatments. 

Source of Degrees of Mean F-Value 
Variation freedom Square 

Block 3 1251 .41 14 .4** 

Date 3 605 .74 6 ,99** 

Error 1 9 86 .64 

Soil Treatment 3 1830 .29 4 . 25* 

Date x Soil Treatment 9 166 .34 0 .38 

Error 2 36 430 .62 

Species 1 2336 .71 27 .56** 

Date x Species 3 142 .14 1 .68 

Treatment x Species 3 396 .69 4 .68** 

Treatment x Species 
x Date 9 69 .69 0 .82 

Error 3 4_8 84 .78 

Total 127 

*, ** Significant at the 0.05 and 0.01 levels of probabil
ity, respectively. 
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Table 15. Percent emerged seedlings of viable seeds as 
averaged over four replications and four dates of 
seedling counts. 

Top of 
Crust 

Treatment 
Under 
Crust 

Disturbed 
Crust 

Bare Soil 

Kleingrass 16.8 a* 23.2 a 27.8 ab 26 ab 

Cochise 
lovegrass 

21.8 a 23.9 a 43.6 b 38.7b 

* Means followed by the same letter are not significantly 
different (P = 0.05) by LSD test. 
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disturbed crust treatment increased the amount of surface 

which had cracked most. 

Through the period of the experiment, the percentage 

of live seedlings germinated on the top of crust or emerged 

through the crust decreased, because of drying and consequent 

death, but consequent death percentage of live seedlings 

which emerged through cracks increased on a daily basis. 

Mortality of germinated seeds on top of the crust was 

explained by the fact that the seedlings could not send the 

radicles through the crust to the mineral soil where soil 

moisture was still available. On the treatments where seed 

was placed under the crust, 10% of the germinable Kleingrass 

and 19% of the germinable Cochise lovegrass had germinated, 

but by the third day had not emerged. These seedlings were 

whitish in color, measuring 1 to 3 cm, and lay horizontally 

under the crust. Apparently they lacked enough strength to 

break through the microphytic soil crust in the flats. 

Persistence of Species 

Both Cochise lovegrass and Kleingrass seedlings 

survived better in disturbed microphytic soil crust and bare 

soil compared to the top and/or under the crust (Table 17). 

Disturbance of the microphytic soil crust weakened the 

contact between crust and mineral soil. 

On the last day of the experiment, most live seed

lings were observed in the disturbed microphytic soil crust 
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and bare soil treatments (Table 17) . The seedlings on the 

top of the crust and under the crust were completely dried. 

These data support the hypothesis that seedlings persist best 

in disturbed crust and bare soil as compared to crusted soil. 
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Table 16. Percent of emerged seedlings in relation to soil 
treatment. 

Location of Seedling Emergence 

Seed-
1 ing 
Treat
ment Day 

Top of Crust Through Crust Through Cracks 

Klein- Cochise Klein- Cochise Klein- Cochise 
grass Lovegrass grass Lovegrass grass Lovegrass 

Top of 1 35 41 - - 65 59 
Crust -

2 26 32 — — 74 68 

3 12 14 - - 88 76 

4 0 29 - - 100 71 

Under 1 — — 11 10 89 90 
Crust 

2 — - 16 22 84 78 

3 - - 16 11 84 89 

4 - - 6 0 94 100 

Disturbed Bed 
Crust 1 — — — — 100 100 

2 - - - - 100 100 

3 - - - - 100 100 

4 _ _ _ 100 100 
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Table 17. Condition of Kleingrass and Cochise lovegrass 
seedlings the last day of experiment. 

Kleingrass Cochise Loveqrass 

Soil No. of % Dry % Alive No. of % Dry % Alive 
Treatment Germinated Germinated 

Seedlings Seedlings 

Top of crust 11 100 0 2 100 0 

Under crust 12 94 6 4 100 0 

Disturbed crust 25 64 36 41 76 24 

Bare soil 23 42 58 37 20 80 



CHAPTER 5 

SUMMARY AND CONCLUSION 

Wooden stakes and heel marks were used in 1986 and 

1987 to disturb well developed microphytic soil crusts on the 

Santa Rita Experimental Range. Disturbance was used to 

measure the effect of crust on emergence of Cochise lovegrass 

and Kleingrass in the field and the greenhouse. 

In the field, the mean number of emerged seedlings 

was higher on disturbed plots for both species. In 1986 , 

disturbance created very shallow depressions in plots, but in 

1987 heel marks created deeper and larger depressions. Thus, 

better sites were created to allow emergence of more 

seedlings in 1987. The survival period of each cohort of 

seedling was very short because of the short periods of 

effective rainfall followed by four or more days of no 

rainfall in both 1986 and 1987. Runoff and insect activities 

were found to contribute to seed disappearance from plots. 

In the greenhouse, four soil treatments were tested 

to measure the effect of crust on emergence of both species 

used in the field studies. Although greenhouse study cannot 

duplicate field studies, the results showed that more 

seedlings of both species emerged from disturbed crust and 

bare soil than from undisturbed crust when sown on top or 

49 
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under the crust. This study supported two interesting 

trends: 

1. Disturbance of well-developed microphytic crusts 

constitutes a very important step in increasing 

seedling emergence. 

2. Undisturbed crust in arid areas constitutes a barrier 

to seedling emergence. Data from the greenhouse 

showed that seedling radicles cannot penetrate 

through the crust to mineral soil. 

Since the ultimate objective of range seeding is the 

establishment of vascular plants, disturbance of microphytic 

crust is necessary to create safe sites for seeds but does 

not guarantee a successful establishment of plants. 

Recommendations 

This study was exploratory, and further investiga

tions are necessary, such as: 

1. Experiments including other treatments such as mulch 

or litter to shade the seeds from dessication and 

rain drops. 

2. Conducting an experiment on rainfall simulation to 

achieve a better understanding on the impact of 

runoff on seeds. 
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