


















































Figure 7. A soil surface of the Anthony series 
showing blue-green algal growth. l2X. 
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Figure 8. The tangled growth of trichomes and empty 
sheaths of blue-green algae from which 
soil material has been washed. 400X. 
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is shmvn from which the soil material has been washed. Threads of algae 

and molds arc tellned trichomes and hyphae, respectively. Trichomes and, 

hyphae may measure from less than one micron to twenty-five microns 

(.025 nun) in diameter and are of indeterminate length. 

Several single trichomes are shmvn in Figure 9. Some blue-

green algae grow as masses of tangled, individually sheathed trichomes 

while other kinds, or species, grow as bWldles of parallel trichomes 

enclosed in a C0lTD110n sheath of cellulosic material called a filament. 

Filaments are shmvn in Figure 10. The cellulose sheath protects the 

trichomes within from the dessicating effects of high soil surface tem-

peratures in less shaded situations. This attribute permits the algal 

communities to survive from one rainy season to the next, a period as 

long as five or six months in the southwestern United States. 

Figure 7, described above, illustrates a growth f01TI that is 
I 

recognizable to the unaided eye. Another mode of growth is shown in 

Figure 11. The nap-like appearance is due to an erect growth habit 

above the soil by the branching of trichomes similar to the branching 

of a Saguaro cactus. 

A third growth form is to be seen in Figure 12. This twelve 

times magnification shows a rope-like assemblage of filaments encrusted 

with alkali salt crystals. 

The latter two growth forms were collected from well-watered, 

shaded, undisturbed sites on the University of Arizona campus. All 

three of these site factors occurring simultaneously in wild land areas 

is not unusual. 



Figure 9. A single trichome of the common blue-green 
alga Microcoleus vaginatus (Vauch.) Gam. is 
shown at the center of the picture. 400X. 
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Figure 10. Several filaments appear as large fibers. 
The green striations within the filaments 
are bundles of trichomes. 100X. 
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Figure 11. A soil crust showing the nap-like aerial 
growth of Scytonema hoffmanii Ag. l2X 
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Figure 12. A soil surface covered with salt-encrusted 
filaments of Microcoleus vaginatus (Vauch.) 
G~. lU. 
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Single trichomes are shown in Figure 9. Cells are arranged lD 

an end-to-end manner as seen by the transverse separations between them 

in the trichome. The w1ifOJ1l1 greenish cast to the cells is caused by 

even distribution of photosynthetic pif.,TIllent throughout the cell. With 

the exception of gas bubbles in the cells no organelles or cellular lD-

clusions are to be seen. This is indicative of the unique position oc-

cupied by these organisms. The life process functions are carried on 

without discernible) specialized structures found in cells of other 

living things. 

The trichome in the center of Figure 9 bears a capitate tellninal 

cell. This is a diagnostic feature of the ubiquitous ~1icroleus vagina-

tus (Vauch.) Gom. Other species of blue-green algae are distributed by 

the wind and water scattering of spores or small pieces of trichome, usu-

ally several cells in length called hormogonia. TI1ese aggregates of a 

few cells are ensheatl1ed and protected against drought water loss and 

soil surface temperatures as high as 1400 F. Molds are distributed by 

wind and water scattering of spores. 

TIle following list by Cameron (1960) of blue-green algae indi­

cates the relative occurrence of species in the sampling of 165 algal 

communities from desert regions surrounding Tucson. 

Species 

Schizothrix californica Dr. 

Microcoleus vaginatus (Vauch.) Gom. 

Scytonema hoffmanii Ag. 

Schizothrix macbrldii Dr. 

Occurrence, in percent, 
of cOIlID1uni ties examined 

61 

52 

52 
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SchizothrL\: ca1cl£~la (Ag,) Gom, 

Nostoc mUSCOTIIDl Ag. 

Porphyrosiphon fuscus Gom. 

41 

30 

21 
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Fletcher and Martin (1948) implicate molds as well as algae in 

crust formation. This author's e1.1)erience' indicates a lvide difference 

in relative ahmdance of algae and molds due mainly to the ephemeral 

existence of molds in the vegetative state in rhytlnn with wet and dry 

periods of desert environments, The blue-green algae persist, once 

developed, irrespective of the moisture regime and they may exert a 

micro-vegetation-hydrologic effect the instant rain occurs. 

Another reason for the relatively meager representation of mold 

organisms with the blue-green algae is the nutritional requirements of 

the molds, Being saprobic, molds proliferate on the dead residues of 

herbs, forbs, shrubs, and trees. In many desert places these materials 

are in short supply. 

Some laboratory culturing of soil crusts was done on Czapek's 

and potato dextrose agars. A number of Aspergillus and Penicillium 

species were observed as well as numbers of fungi imperfectl, molds 

without a sexual stage in their reproductive cycles.'Aspergillus quad­

rilineatus Thom and Raper, was isolated and is now in the pure culture 

collection of the Department of Microbiology, University of Arizona. 

The fecund growth of molds on the culture plates is indicative 

of the enormous latent spore population present in the soil. The fol­

lowing list includes the mold genera recognized: 
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l. FWlgi imperfecti 

a. Fusarium Sp. 

b. Cephalosporium Sp. 

c. Alternaria Sp. 

d. Penicillium Sp. 

e. ASEergillus Sp. 

f. Hormodendrum Sp. 

2. Phycomycetes 

a. Mucor Sp. 

b. Rhizopus Sp. 

c. Circinella Sp. 

Lichens were observed in a few sample soil crusts. 



JllI\TERIALS AJ\lD METHODS 

The effects of micro-vegetation on infiltration, runoff, and 

soil erosion are considered for two fixed factors, namely, two soil 

types and two simulated rainfall intensities. 

Materials 

Study Site 

Twelve split plots were constructed at the Water Resources 

Research Center Field Facility of The University of Arizona at Tucson. 

Figure 13 shows the arrangement of the apparatus on one of the plots 

at the study site. 

Plot Constl~ction 

Each of the twelve plots were six by twelve feet In size with 

a divider parallel to the long axis of the plot. One of the halves of 

each plot was covered with clear polyethylene plastic sheeting to en­

close the moist atmosphere, thus providing an amenable environment for 

algal growth. Prior to covering, the entire plot area was sprinkled 

with an equivalent of five inches depth of water. 

All plots were constructed at a five percent slope. Six of 

the test surfaces were of Anthony silt loam, a river bottom alluvium in­

digenous to the study area. On these plots, the soil surfaces were 

carefully shaved to the proper slope with a square-ended shovel. 

27 



Figure 13. A view of the arrangement of rainfall simulator 
components on a plot. 
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A Pima series soil was used in the oth8r set of plots. This 

soil contrasts with the Anthony s8ries with its relatively high clay and 

low sand content. (Sec Table I) The soil was obtained from shallow 

excavations on Atterbury Watershed, a desert wild land area southeast of 

Tucson, Arizona. Algal crust material was gathered from the surface 

prior to removal of the soil. 

The Pirna series soil was placed in fourteen feet by eight feet 

by half foot excavations in the river alluvium on the study site. Fig­

ures 14 and 15 show a construction stage of these plots. 

Prior to placing polyethylene moisture seal on the plot halves 

to be vegetated, the l1arvested algal-mold crusts ,were finely ground and 

scattered on the surface of half of each split plot of the Pima soil 

series. 

The river bottom alluvium plots were completed five months ear­

lier and wind-borne spores and hormogonia had an opportunity to invade 

the plot surfaces that l1ad been freshly exposed in the grading process. 

Clear polyethylene plastic covers were kept on the plots from 

February to May, during which time algal crusts developed. The Pima 

soil plots provided lUAl1riant growth conditions for algae. On the 

Anthony soil, growth was not nearly as abundant. This may be seen in 

comparing Figures 16 and 17, Pima and Anthony soils, respectively. 



TABLE 1 

SOME CHAHACTERISTICS OF TIlE SUHPACE 5 IvTI\1 
SOIL ClZUST FROl\! PIMA AND ANTHONY SOIL PLOTS 

Crust thickness 
(mn) 

Organic carbon 
(percent) 

Total nitrogen 
(mg/gm soil) 

Penetrometry 
(kg/cm2) 

Texturea 
(% components) 

Electrical Conductivity 
(mi11 imohs/cm) 

Pima 

Micro-vegetation 
Present Absent 

6.45 5.25 

0.717 0.618 

0.58 

2.46 

0.47 

1. 79 

37% sand 
33% silt 
30% clay 

0.30 

7.8 

Anthony 

Micro-vegetation 
Present Absent 

4.45 3.70 

0.373 0.317 

0.21 

2.21 

0.15 

2.56 

62% sand 
29% silt 

8% clay 

aSamples were 15 em deep x 8 cm diameter surface cores. 
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Figure 14. A view of a construction stage of the Pima soil 
plots. 
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Figure 15. A view of the side and runoff borders of a plot 
during plot construction. 
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Figur e l 6, A Pima soil plot photograph showing the micro­
vegetated surface on the left and the bare surface 
on the right. 

33 



Figure 17. An Anthony plot showing the micro-vegetated 
surface on the right and the bare surface on the 
left. 
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Each plot was delineated by six inch high strips of twenty-two 

gage galvanized sheet metal. Four inches of the metal projected above 

growld and the remaining two inches were buried in the plot surface. 
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The lower edge of the sloped plots was fitted with a border such that 

the nmoff could be directed into a collection gutter. (See Figure 15.) 

Runoff Measuring Device 

A pair of small HL flumes were fabricated according to Soil 

Conservation Service design and specifications. 111e flumes were at­

tached to rW10ff collection gutters so that runoff from each of the 

plot halves could be measured independently. 

Small riffle boxes received the water discharged through the 

flumes. These served as sediment traps; their size permitted ample 

detention time for settling of the coarser sedj~ents being moved by the 

rW10ff water. 

Unsatisfactory flume performance due to sediment build-up in 

flune throats was cause for making volunetric measurements of runoff 

instead of the usual stage-discharge method. 

Infiltrometer 

A modified type F Soil Conservation Service design spray noz­

zle with deflector is shoi~ in Figure 18. The deflector permits water 

to be directed to a collection trough-waste pipe arrangement instead of 

the plots without disturbing the water delivery from the pump. Simu­

lated rainfall intensity is regulated by pointing the nozzle away from 

the vertical at angles from four to eight degrees toward the plot. 



Figure 18. A view of a Type F Rainfall Sbnulator nozzle in 
operation. 
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Rainfall silnulator types hilve received intensive study in at­

tempts by researchers to approximate drop size distribution and fall 

velocities of natural rainfilll. 
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Laws' and PQrsons (1943) report that raindrops have differing 

maximum fall velocities depending on their diameter; natural raindrops 

range up to five millimeters in diameter. Drops four to five milli­

meters in diameter require eight to nine meters (24 to 27 feet) free 

fall~ to attain their terminal velocities. Rainfall simulators of such 

size are awk-ward to build and handle, particularly if portability is 

required. 

In operation, with the Type F nozzle at four feet above ground 

and POD1ting sk;nvard, drops reach zero acceleration at about 3.1 meters 

(10.5 feet) above the ground. Free falling this distance drops of only 

about one mil1imeter diameter or less reach their terminal velocities. 

Drops of this size comprise only five percent of the drop size distri­

bution of natural rainfall. Thus, drops in the remaining n~nety-five 

percent of the drop size distribution are delivering less than "natural" 

amounts of momentum to the soil surface. A five millilneter diameter 

drop is falling at thirty percent of its terminal velocity under the 

simulated rainfall conditions used in the experiments. 

Considering the wide variety of rainfall silnulator devices and 

their overlapping handicaps, the choice becomes a matter of convenience. 

The modified Type F used in this study was chosen because of its availa­

bility. It has a long' history of use by sucl1 people as Holtan, Horton, 

and Neal. An at tempt has been made to indicate its shortcomings, 
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particularly its apl)roximation of natural raindrop SHe cmd their kinetic 

energy. Mutchler and Henllsmeier (1965) have reviewed the subj oct of 

rainfall simulators. 

The wind screen device, the engine driven pump and constant 

head tank are shmvn in Figure 19. 

Methods 

Simulated Rainfall Procedures 

All simulated rainfall events were made towards the end of the 

spring dry season. 111e low intensity series, about one inch per hour, 

was accomplished on all plots before the tvJO inch per hour high inten-

sity series was initiated. The latter group of experiments were conduct-

ed after the onset of the surrmer rainy season, but no large amount of 

natural rainfall had occurred in the vicinity. A residual soil moisture 

resulted from the low intensity series. However, each plot had at 

least a three-week drying period between low and high intensity simu-

lated events. 

Each simulated event included a pre- and post-calibration of 

applied rainfall. For this purpose a rubber sheet was placed on the 

plot to assure complete runoff. Each nozzle was positioned so that 

drop distribution was even on each plot half, and that runoff rates 

were identical for the two plot halves. Thus a bare and a micro-

vegetated area were simultaneously tested with a given simulated rain-

fall. 



Figure 19. A view of the engine-driven water pump, the constant 
head tank and wind screen enclosure. 
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Water temperatures of spray and Tlmoff waters Ivere taken during 

each event. Spray water varied from thirty-two to forty degrees C. and 

rW10ff water ranged from twenty-five to thirty-five degrees C. Since 

viscosity of water is ii1versely temperature-dependent, infiltration rates 

may have been effected, but for this study these effects were not con­

sidered. 

Eroded material from the plots was measured by trapping set­

tleable sediments in the riffle boxes and collection gutter. At the 

end of each simulated rainfall event the material was transferred to 

. large glass containers. Following settling, the excess water was 

siphoned off and the sediment dried and weighed. 

The suspended sediment being carried in the runoff water was 

measured with a Bach Chemical Co. turbidimeter, a photo-electric cell 

device. Samples of runoff water with measured turbidimetric value were 

evaporated to dryness. The residue was weighed and a curve of turbidi­

metric values versus suspended sediment dry weight was prepared. A 

calibration curve was prepared for both Pima and Anthony Soils. 

Data Analysis 

A split-split plot analysis of variance was used to test ef­

fects of soils, presence and absence of micro-vegetation, and simulated 

rainfall intensity on the response factors of total runoff, infiltration 

rate, and suspended and settleable sediment loads in the rW10ff water. 

A1l eight possible treatment combinations could n~t be analyzed with the 

same degree of precision. The physical arrangement of six split plots 

on each of the two soils was the cause for the soil factor effects to 



be regarded with the least precision. The intensity factor effects, 

having been replicated twenty-four times with respect to soils and 

forty-eight times with respect to the condition of vegetation, may be 

regarded with the greatest precision. 

The micro-vegetation condition, the factor of principal inte­

rest in the study, was managed with an intennediate degree of preci­

sion. That it may not be treated with the greatest precision is due 
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to a compromise prompted by physical aspects of the study, i. e., moving 

sinmlator from one plot to another, having two dissimilar soil types 

. close to each other, and avoiding the search for suitable vegetation 

conditions in natural situations. 

The analysis permits not only a means of comparison between the 

twu levels or conditions of each factor, but interactions between fac­

tors may be examined as well. Tables of means and analysis of variances 

appear in the next section along with discussions of their interactions. 



RESULTS AND DISCUSSION 

The infiltration-l'w10ff-erosion process at the soil surface is 

dependent on a nunber of factors such as soil type, natural storm type, 

features of .the terrain and kinds of vegetation. Experimental proce­

dures are ideally conducted so tl1at as nearly as possible, a one cause­

one effect situation is attained. But it then becomes difficult to make 

reasonable generalizations about the world external to the experimental 

rigor based on narrowly defined experimental conditions. 

In the broad context of the hydrologic cycle, the soil surface 

of the earth is the discriminant in terms of moisture entering the soil 

or running off the surface. The movement of water into the soil de­

pends on tllose factors which alter the size and number of non-capillary­

sized pore spaces. Rainfall intensity and relative differences in 

soil £lay content are two of a number of important factors upon whiCh 

soil surface porosity is ~ependent. 

It is known that the puddling or clogging of soil surface pores 

is enhanced by raindrop impact. Soil aggregates break up under the im­

pact momentum of impinging hydrometeors and release the clay fraction 

from larger soil particles. Agitation of the soil-water suspension by 

raindrop bombardment permits a particle size distribution to occur with 

finer particles residing at the surface. In net effect, the fine frac­

tion blocks tile larger pores in the matrix of coarse particles immedi­

ately beneath the soil surface." 

42 
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The micro-vegetation on tIle plot surfaces consisted mainly of 

blue-green algae although microscopic examination of crusts did reveal 

sOllle hyphae of molds. On Pima soil plots, Scytollcma hoffmIDlii Ag. 
-.!------ ------

was the principal species lvi th Microcolcus_ vaginatus (Vauch.) Gom. also 

well represented. On the Anthony or al1uvium soil Schizothrix calci-

cola Ag. Gorn. was the dominant organism. 

Quantitative measurements of these organisms similar to stand 

density criterion used in grass and shrub estimates are unmanageable. 

Table 1 includes percentages of total organic carbon and milligrams of 

nitrogen in the surface five millimeters depth of soil. Quantities of 

nitrogen follO\v most closely the physical, visually observable presence 

of micro-vegetation. Unfortunately, a lack of reliable quantitative 

measurements of micro-vegetation is a weak point of the study. Further 

interest in micro-vegetation-hydrologic effects may best be precluded 

by the development'of reliable teclLniques for making satisfactory rnea-
" 

surements of this variable. 

The four response factors used as measures of the fixed factor 

effects were: 

1. Infiltration rate at sixty minutes 

2. Total runoff in a 120 minute simulated rainfall 

period. High intensity events were terminated at 

sixty minutes, a tnne when infiltration rate and 

runoff, its complement, became constant. Runoff amounts 

for the shorter duration events were extrapolated using 

the runoff rates at the end of the sixty minute period. 
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3. Settleable sediment procluction rate. Low intensity sDn­

ulated rainfall events differed in length, being consi­

derably longer than the high intensity events. To 

facilitate equitable comparisons in a statistical analy­

sis, it is expressed as a rate. 

4. Suspended sediment production rate. TIlis is eA']Jressed 

as a rate for the saJl1e reasons discussed for settle­

able sediment. 

The fixed factors were: 

1. Soils. The Pima series is a relatively heavy-textured 

soil and contrasts with the Anthony series, a law clay, 

coarse-textured alluvium. 

2. ~1icro-vegetation. This is a conditional factor, the 

the micro-vegetation being either present or absent on 

one of the halves of each plot. 

3. Sill1ulated rainfall intensity. A relatively low mtensity 

of one inch per hour and a high intensity of two inches 

per hour were used. 

A statistical model which expresses the sources of variation 

that cause an experDnentally obtained observation to deviate numerically 

from the mean of all possible observations, could they possibly be taken 

to this end, will not be given. The reader is referred to Steel and 

Torrie (1960). TIle general split-split plot statistical model appli­

cable to this analysis is cumbersome and includes,additively, all those 

sources of variation which are detected significant in the analyses of 

variance. 
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Infiltration Rate 

Table 2 shows the means of this response factOT for each of the 

treatment combinations. The cUlalysis of vari3nce in Table 3 indicates 

real differences between means of the infiltration rate response factor, 

at the one percent level, for soil and intensity effects. In other 

words, infiltration rate at sixty minutes was lower on the heavy-textured 

soil and, lmder the high intensity simulated rainfall. The high clay 

content of the Pima soil, and the dynamic effects of raindrop bombard­

ment are implicated as likely causes of reduced infiltration rates. 

In addition, a significant intensity-micro-vegetation, CD, 

interaction exists at the five percent level. This is related to the 

near significance of a micro-vegetation effect. 

A least significant difference test, LSD, may be used to eluci­

date the nature of the interaction. For ten degrees of freedom, at 

the five percent level, the LSD value is 0.098. In the array, 

0.905 0.772 0.649 0.67l 

0.133 differences 0.022 

the values are means of the two alcl means, the two a2c l means, etc. 

of the infiltration rate response factor shown in Table 2. The least 

significant difference for which there can be a real micro-vegetation 

effect \fithin a given rainfall intensity is 0.098. This value is 

exceeded for the low intensity c l factor but not the high intensity 



Response Factor 

Infiltration Rate 
inches/hour 

Total Runoff 
inches of depth 

Settleable Sediment 
Production Rate 
grams/minute 

Suspended Sediment 
Production 

grams/minute 

TABLE 2 

MEANS OF THE RESPONSE FACTORS 

Fixed Factors 

Micro-Vegetated (al ) Bare (a2) 

Pima (b2) Anthony (bl ) Pima (b2) Anthony (bl ) 

Rainfall Intensity Rainfall Intensity 
High (c2) Low (c l ) High (cZ) Low (cl ) High (c2) Low (c2) High (c2) Low eCl) 

al bZc2 albZcl alblcZ alblcl a2b2c2 a 2bZcl a2bl c2 a2bl c l 

0.468 0.855 0.830 0.948 0.511 0.607 0.805 0.937 

2.784 0.206 2.102 0.023 2.690 0.594 2.098 0.078 

6.670 0.626 4.077 0.817 8.420 1. 759 7.204 0.957 

3.743 0.394 0.724 0.049 4.228 1.061 0.766 0.097 

+>­
C\ 



TABLE 3 

N~LYSIS OF VARIN~CE FOR INFILTRATION RATE 

Degrees of Swn of Mean Required 
Source of Freedom Squares Squares Observed F 
Variation (df) (SS) (ms) F 5% 1% 

Ba 1 0.924 0.924 26.40** 4.96 10.04 

Error A 10 0.351 0.035 

A 1 0.037 0.037 4.34 4.96 10.04 

AB Interaction 1 0.026 0.026 3.03 4.96 10.04 

Error B 10 0.086 0.009 

C 1 0.382 0.382 27.14** 4.35 8.10 

CA Interaction 1 0.072 0.072 5.13* 4.35 8.10 

CB Interaction 1 0.047 0.047 3.33 4.35 8.10 

CAB Interaction 1 0.056 0.056 3.98 4.35 8.10 

Error C 20 0.280 0.014 

aA is the vegetation condition factor; B is the soil type factor; C is the simulated rainfall 
intensity factor. .b. 

---.:J 



c2 factor. In other words, only at low intensity simulated rainfall 

was there a real difference in the infiltration rate at sixty minutes 

between plots with and without micro-vegetation. 
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The probable cause for a micro-vegetation effect on infiltration 

rate at low intensity rainfall is best e:A.'Plained by the algae aiding in 

the maintaining of a checked, incised soil surface as shown in Figures 

16 and 17. It was observed in the conduction of these e~)eriments that 

this soil surface condition is more persistent at low intensity rain­

fall simulations than at high intensities. 

Figure 20 shows four infiltration rate curves typical of the 

data obtained in this study. The gradual downward trend in infiltration 

rate changes at the end of the high rainfall intensity infiltration 

rate curves and along the entire low rainfall intensity infiltration 

curve are regarded as approaches to the saturated hydraulic conducti­

vity of the soil. According to Childs (1969) hydraulic conductivity 

varies with soil moisture content. The areas under the curves repre­

sent 0.65 and 0.91 inches depth of infiltrated water under the high and 

low rainfall intensities, respectively. 

The differences in magnitude of approach of the saturated hy­

draulic conductivity is perhaps accounted for by the finer pores of the 

soil filling first under low rainfall intensity and ~le larger pores 

operating more actively in infiltration at higher rainfall intensities. 

Another possible explanation for differences in the magnitude 

of approach of the saturated l1ydraulic conductivity is the development 

of a flow-impeding layer at the soil surface. Berend (1967) describes 
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chGnges in the hydrmllic pressure distribution through the free water 

layer above the surfGce, the clogging layer of fine material at the 

surface, and the coarser materials beneath. Once the flow-impeding 

layer develops, as a result of puddling, uncleI' high rainfall intensity, 

infiltrated 'vater is conducted downward in the finer pore network. In 

this manner, the infiltration rate changes wlder high rainfall intensity 

resemble rate changes l.mder low rainfall intensity. 

Total Runoff 

This response factor tends to average the effects of changing 

infiltration rates which are high at the beginning of rainfall events but 

level off about sixty to seventy minutes. 

Clearly, the analysis of variance, Table 4, indicates strong 

soil and intensity effects betHeen means. In Table 2, total runoff 

means decrease with jntensity as one would expect because of the lesser 

amount of water being supplied. Also, in comparing runoff values between 

soils, less occurs from the coarse-textured alluvium. We may, with jus­

tification, speculate that this effect is the result of the low puddling 

tendency of the Anthony alluvium. 

Settleable Sediment Production Rate 

The only significant difference in means for this response fac­

tor is due to intensity, and the difference is real by virtue of the 

analysis of variance, Table 5. One may question a possible micro­

vegetation effect, but there is only the weakest suggestion in the 

ANOVA (analysis of variance) table. 



TABLE 4 

ANALYSIS OF VARIANCE FOR TOTAL RUNOFF 

Degrees of Sum of Mean Required 
Source of Freedom Squares Squares Observed F 
Variation (df) (SS) (ms) F 5% 1% 

Ba 1 2.912 2.912 15.04** 4.96 10.04 

Error A 10 1.936 0.194 

A 1 0.088 0.088 3.05 4.96 10.04 

AB Interaction 1 0.045 0.045.; 1. 56 4.96 10.04 

Error B 10 0.289 0.029 

C 1 57.707 57.707 696.66** 4.35 8.10 

CA Interaction 1 0.217 0.217 2.64 4.35 8.10 

CB Interaction 1 0.249 0.249 3.00 4.35 8.10 

CAB Interaction 1 0.135 0.135 1.63 4.35 8.10 

Error C 20 1.657 0.083 

aA is the micro-vegetation condition; B is the soil ty~e factor; C is the sllRl1ated rainfall 
intensity factor. 

til 
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TABLE 5 

.ANALYSIS OF VARIANCE FOR SETTLEABLE SEDIMENT PRODUCTION RATE 

Degrees of Sum of Mean Required 
Source of Freedom Squares Squares Observed F 
Variation (df) (SS) (ms) F 5% 1% 

Ba 1 15.217 15.217 <1 4.96 10.04 

Error A 10 164.351 16.435 

A 1 27.603 27.603 3.23 4.96 10.04 

AB Interaction 1 0.165 0.165 <1 
I 

Error B 10 85.367 8.537 

C 1 372.867 372.867 39.43** 4.35 8.10 

CA Interaction 1 9.289 9.289 <1 

CB Interaction 1 8.080 8.080 <1 

CAB Interaction 1 4.514 4.514 <1 

Error C 20 189.103 9.455 

aA is the vegetation condition factor; B is the soil type factor; C is the simulated rainfall 
intenslty factor. Ul 

N 
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An interesting question aTlses over '<lhy the tlvo soils so tex­

tural1y wllike in coarse material content should behave sjmilarly with 

respect to this Tl2SpOnSe factor. One explanation is the Pima soil 

plots accW11ulated quantities of coarse soil material from wind-borne 

sources originating in the surrouncJing alluvilUTI materials. 

Suspended Sediment Production Rate 

The suspended material in the nmoff waters was thought to be 

mostly of clay and fine silt materials. Furthenllore, any strong bind­

ing action upon soil particles by micro-vegetation would be on those 

sizes close to the dimensions of microfloral plant parts, i. e., mold 

hyphae, trichomes and filaments, The highly significant difference in 

the response factor Sh01I'Il in Table 6 due to micro-vegetation being pre­

sent is attributed to the binding action of plant materials on the fine 

soil particles. 

Soil and simulated rainfall intensity effects are highly signif­

icant, and larger amounts of fine material came from the Pima soil and 

under the DvO inch per hour rainfall intensity. TIle points of texture 

and rainfall intensity were emphasized in the begim1ing of the discus­

sion with respect to their importance in erosion process. 

Highly significant interactions exist as well between micro­

vegetation and soils, and between soils and intensity. Let's first 

look at the AB interaction, between micro-vegetation condition and 

soils. The calculated LSD for which a real difference in the response 

factor may exist due to presence or absence of micro-vegetation within 

soil types is 0.213. Thus, in the array of means of mean pairs, 



TABLE 6 

ANALYSIS OF VARIANCE FOR SUSPENDED SEDIMENT PRODUCTION RATE 

Degrees of Sum of Mean Required 
Source of Freedom Squares Squares Observed F 
Variation (df) (SS) (ms) F 5% 1% 

Ba 1 45.474 45.474 255.40** 4.96 10.04 

Error A 10 1. 780 0.178 

A 1 1.161 1.161 21.18** 4.96 10.04 

AB Interaction 1 0.849 0.849 15.49** 4.96 10.04 

Error B 10 0.548 0.055 

C 1 46.307 46.307 385.66:"* 4.35 8.10 

CA Interaction 1 0.026 0.026 <1 4.35 8.10 

DB Interaction 1 20.052 20.052 167. OO*:~ 4.35 8.10 

CAB Interaction 1 0.023 0.023 <1 4.35 8.10 

Error C 20 2.401 0.120 

Ul 

aA is the micro-vegetation condition factor; B is the soil type factor; C is the simulated rain-
.;::0. 

fall intensity factor. 
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0.387 0.432 2.067 2.644 

0.045 differences 0.577 , 

only the difference for presence or absence of algae within soil two, 

the heavy-textured one, exceeds the LSD. It may be concluded that the 

suspended sediment reduction on the Pilna soil due to algae is real, and 

micro-vegetation has no detectable effect on the Anthony soil. 

The CB interaction, between rainfall intensity and soils, is 

explained similarly using an LSD for ten degrees of freedom and at the 

ninety-five percent confidence interval. In the array, 

0.073 0.727 0.745 3.984 

0.654 differences 3.239, 

both differences exceed the LSD of 0.354. The effects of intensity, 

between one inch per hour and two inches per hour levels, produced real 

differences in suspended sediment production rates, the greatest being 

for the Pima soil . . ' 
Thus, the Pima soil containing larger amounts of fine material 

contributed more suspended sediment to the runoff water than the allu­

vium. This contribution is enhanced by the higher silnulated rainfall 

intensity. 
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The detected effect of micro-vegetation being associated with 

reduced suspended sed~nent load from the p~ soils is attributed to a 

greater development of microflora in this soil as indicated by the or­

ganic carbon and total nitrogen analyses listed in Table 1. 



SUMMARY 

The following differences m soil erosion effects and infil­

tration rates were found to exist between soil surfaces covered with and 

denuded of algal-mold grmvths, 

1. Less suspended sediment came from plot surfaces covered 

with micro-vegetation. 

2. At low simulated rainfall intenSities} about one inch 

per hour, infiltration rates after sixty minutes were 

greater on soil surfaces harboring growths of micro­

vegetation. 

The other fixed factors, soils and sin11Jlated rainfall intensity, 

were observed to complement each other their respective effects on the 

response factors. 

1. Infiltration rates were reduced with increases In sim­

ulated rainfall intensity and reduced on the heavier­

textured Pima soil. 

2. Total runoff was increased with higher intensity sim­

ulated rainfall and increased from soils of heavier 

texture. Coarse-textured Anthony soil behaved oppo­

sitely. 

3. Only intensity differences had any effect on the settle­

able sediment production rate. Production rates were 

higher for higher simulated rainfall intensity. 

S7 
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4. Increases in suspended sediment in rWloff water were 

observed to result from the higher rainfall intensity­

and from the heavier-textured Pima soil. 
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