UISSERTATION

FFECTS COF WATER ANG NITROGEW STREGSES ON

A SHORTGRASS PRATRIE ECOSYSTEM

Svbritted by

Williawm K. Lauenroth

In partial f21£illment of the requirements

o ey

for the Degree of Doctor of Thilosnphy
Coloxade State University

Fort Collins, Colorado

August, 1973



COLOEADG STATE UNIVI

WE HERERZY THEN CUR

SR EDA

SUBERVISION BY

P

Aad

ENTITLED EFF

s 21Ty - 2 B B AT T8 Tk s rav
A SHORTGRASS PRAIRTY ELOSYITEI

b e sy

T

»'r e sl ey ey
UTREIMENTS B0 THE DE :

i..\:l‘t PO VI N

BE ACCEDPTED A5 FULFILLING IN FART REQ

DOCTOR OF PHILOZOPHY,

—rn -

TSR

b
ok



BEET N

0h v

NITRI

N

WACT

(>

A

ATER

TR
.

CF %

BS
2

A

EFFLCTS

YETEY

ECOR

fr.
p oA

iR

wﬁ

-
~
Fed

4 BHORTGRASS

A

%
+

*

et
e

e scosystem to

-
o

x

rass prair

shorty

a

L=

studied during

tregen were

.

ni

ater and

R

uf

o

.l

ioput

&

grLay

sntein Colorado.,

o
4

reriod in northe

pate]

ac

*
-

itrogar

wral a

5 .
4 Wl

£

O

r

- .
& 3cil water

in

ntain

.
1

Y Ma

-
13
e

-

indaced

2

aner styess was

v
v

s

¥

£aE80N.

o
~

Ve

L0

growi

2
]

&

£h

.8 bars duriag

ATy

£h

auter

v
2x

~3 ¥
vi&L

pe]

pete:

A

", e

produczi

F

g
-~

Mrima

and

ateyw

W

to

o

q
NELV

respo

TR

s

3

1VITYy wWEE W

»

Net primory praduct

» g 1]
ihizhion to

contel

e
A

g o 2
srounc

A

anove

L1y,

{vidual

-
b

indi

sithey

-
Lm

.
&2 hF-

than the b

(ry

£

e oy
LELUTE

=
o

21

ation

i

SN,

o
e

¥

r

o

u

P

-

Lo

+

g

-

Lreatmsni

of

-7
4

primar

iis



organization and timwse of the water plus nlirogen treatment at t
lowest level.

Evapotranspiraticn of the treatments receiving additlonal water
was close to the potential rate. The primary producers of the short-
grass prairie do nct have the capacity to limi: transpiration under
conditions of high water availability.

Small mammal species demonstrated clear habitat prefervences to the
treatments. The prairie vole was caught almost szclusively on the
water plus nitrogen treatment. The desy mouse was captured in approgi-
mately equal proportions on the water and the water plus unitrogen
treatments and in much lower numbers on the rawaining trzatments., The
grasshopper nmouse and thirteen lined ground squirrel were caught in low

numbers on the water treatnents and in significantly higher numbers on

the contrel and nitrogen treatmants.

Villdiam K. Lauenreth

Range Science Department
Celorado State University
Fort Colline, Cclorade #0521
August, 1973
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INTRODUCTION

Available soil water and minerzl nitrogen ave nrobably the most
important nutrients limiting primary productivity in temperats terres-
trial ecosystems. Certeinly, thev ave the most frequentiv anccunterad
limiting faccers in the shortgrass region of the Creat Plains of Yorth

America. The status of soil wateor and wmineral nitrogen a2s important

limiving
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in investigating shortgrass prairie scosystema., Altering the quantitias

%

of these two variables within the ranges of wariation normaily encoup~

tered by the shortgrass ecosysten should produce responses identicel to
those that would ba recorded by long tewnm study of the ecosystem.
Stress, defined as conditicns czuzed by either & lack of or excess of
inputs (Meier 1972}, can be induced in tha systew by manipuisting tha
levels of these fwo variables bevend thz range ncrmally encounterad by

the system. Such stresses should produce responses diffsrent frow those
vecordad by long zerm study and should cause significent changes in the
styuctural and functional attributes of the system., This type of
expevimental asproach to the study of zcosystems sheould provide informa-
tion about the swsten not obiedinable by simply of
dynamics.

Respeonses of ecosystems to stresses have been widely studisd for

vily beczuse of the impetus provided

,m

ageuatic ecosystems {dum 1971 prim
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@ hag been present te stimulate interast in

the vasponse of terrastrial sysiems to stresses except in the case of
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biocides. Although the results of experiments involving stresses to
€ 0 P g
tervestrizl ecosystems caused by excess nutrient ipputs are primarily

of academic interest, they have the potential of providing much needed

cout ecosystems, The only results of this nature
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wailable now are fertilizer and irrigation studies designed to
investigate the effects of increased nutrients on the potential eccnoumic
raturn fyom tha land, This study was designed to investigate the effects

ercess nitrogen and water on certain properties of the eccsysten.

L)

0
The objective of this study wus to examine the following hypotheses
conceruing a specific shorigrass prairie ecosystem subjected to water
znd nitrogen sivoessas {(i.e,, excess inputs).
I, Water snd nifrogen stresses will increase net primary
productivity.

TI, Water and nitrogen stresses will differentially irfluence
speclies group zontripution to net primary productivity.

III. There 1s a positive interaction between water and nitregen
on nel primary productivity.

V. Yet primary productivity is limited by the following: water
on the control and the nitrogen tresatments; nitrogen on the
wgtier treatwent; phosphorcus, light or CO2 on the water plus
nityogen treatment,

¥, Bpecies cowpoesition of primary producers will change under the
influence »f watsr and nitrogen stresses,

VI, Weter aud nitrogen stresses will result in chaage in the
guccossional state of the primary producers but net

necessarily to ony previous state of the system,



VII., Evapotranspiration from the freaimants recelving supplemental
water is limited move by interual plant resistances than by
the availability of energy.

VIITI. Small marmal species coumpesition and bicsass will be alteved

by water and nitrogen stresse

i

.



EXPERIMENTAL DESIGN AND TREATMENTS

The experimental design consisted c¢f two replications of four
treatments (Figure 1). Each treatment replicate was located on a one
hectare plot. The stress treatments were as follows: control: water;
nitrogen; water plus niirogen.

The nitrogen stress treatment consisted of maintaining a differ-
ence of at least 530 kg/hs of wmineral nitrogen (kﬂé + NO ) between the
nitrogen stress and coutrol treatments. This was accomplished
jnitially by an application of 130 kg/ha of nitrogen zs ammonium
nitrate in the spring of 1970. In the spring of 1972 an additional
150 kg/ha of nitrogen was zoplied to the water and nitrogen stiress
treatments. The major criteriow for choosing this as the nitrogen
streoss was te Insure that the treatment was bevond the normal range of
variztion in soil mineral nitregen normally encountered by the short-
grass prairie., This iz also true of the water stress treatment.

The water stress treatment was initiated in 1971 and iavelved
paintaining soil water potential above ~0.8 bars at a depth of approxi-
mately Lt cm, The choice ¢of -0.8 baws as the lower limit for soil water
potential corresponds to the lower limit measurable with tensiometers.
Soil water potential rarely got below ~0.8 bavrs before watering was
started. As implied above soil water poterntial was monitored by tensio~

&

neters and these were checked daily. The majority of the supplemental

o

water wae applied at night to minimize conflicts with sample cellection

&

activities. Water was applied by an individually coutrollable sprinkler

4



Figure 1. Exclosure and layout of stress treatments on a shoregrass
prairie in northeastern Colerade,
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.

system on each one hectare plot., The sprinkler system was designe

to have a uniformity coefficient of 80% {(Zimmerman 1968,



STUDY AREA

The study area is located in Weld County, northeastern Colerado on
the Pawnee Site of the U, S. IBP Grassland Biome. A detrailed description
of the Pawnee Site is given by Jameson (1606%). The eight experimental
plote (Figure 1) are located within an exclosure on an Ascalon sandy
leam goil. The exclosure was built in 1969 to exclude large animals from

the area. Previous to fencing the srea had been lightly grazed by catrtle

at l=2ast 10 vyears.

]
o
1

The Pawnee Site is nesr the western border of the Great Plains and
the climate ie predominantly continental. Approximately 70 percent of
the 225 to 338 am of annual precipitation falls during the April to
September growing season. Long term seasonal distributicn of precipita-
tion as well as the distributions for the growing seasons in 1971 and
1972 ave shown in Figure 2. Long term monthly average maximum and nini-
mur air temperatures are showa in Figure 3.

The nstural vegetation cf the study plots is chevacteristic ¢f s

overstory, The major species are; blue grama, fringed sagewort (Artemicia
frigide}, scarlet gicbemallow (Sphaeraleea coceinea), plains prickly pear
(Opwntia polycanthol; broem snakeweed (Guiierrezia sarothree), and

needleleaf sedge {Corex eleocharis). A complete list of species encoun~

tered in the study dis given in Table 24,



Figure 2. Long term average monthly precipitation end growing season
precipitation for 1971 and 1972 for a shortgrass prairie in
northaastern Colorado,
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Figure 3. Long term average monthlyv maximum and winimum air
temperatures for a shortgrass praivie in northeastern
Colorado.
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METHODS

Field Methoda

Precipitation and Soil Water

')

recipitation and warer applied by the sprinkler system were
measured by three rain gauges located in each watered plot znd one rain
gauge on each contiol plot. Soil water potential wasg monitored for
each watered plet by cthree teasiocceters. The rain gauges and tensio-
meters were checked daily during the growing season.

Soil water was measured by neutron moisture probe rzadings at 7
increments %o a depth of 120 cm. Three zccess tubes per replicate ox
6 tubes par treatment were samwpled at approximately weekly intervals

during the growing sessens of 1971 and 1972,

Biomass
Above~ and belowground primary producer standing crop was sampled
on 211 siress treatments during 1972, on nine dates begirnning con April 4
and ending November 11. Samples were collected at approximately thrae
week intervals from May 1 to September 4 and monthly intervals otherwise.
1e 4 P . c o2
On each sample date the vegetation in 6 quadrats, 0.5 m~ in ares,

was clipped at the soil surface and separated by

)

recies, After the

quadrsts were clipped, soil cores, 7.5 em in difameter and 10 cm deep

were coilected for belowground primary producer standing crop. The

el

number of 7.5 ¢m cores collecrted was either 2

v}

r 3 par quadrat Jepending

upon the semple date, On alternate sample dates a core 5 em in diameter
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»

and epproximactely 60 cm deep was collected in place of one cof the
7.5 cn diameter cores. Plant bases {crowns) were included with the
helowground material,

Al1l clipped material was placed in paper bags, cven dried to a
constant weight, and weighed. All belowground samples were washed with

water (Swift and French 1972), oven dried to a constant weight, weighed,

ashed and then reweighed.

Botanical Composition

Primary producer density and bhasal cover were sazmpled in June of

iuve grama,

ot

1871 and 1972, DMumbers of individuals of all species except
needleleaf sedge, six-week fescue and plains prickliy pear were counted
in 100 quairacz, 0.25 m2 in ares, per treatment. Plains prickly pear
density represenis the occurrence of live pads in the sample quadrats
rather than the number of individuais, The remaining three species were
not insluded in the density data, either because of the difficulty in
distinguishirg an individual or the excessive time required to count &1l
of the individuals. All three species were incliuded in the basal cover
sanpling. Rasal cover was estimated using an inclined ten point frame
snd 1000 points per treatment were sampled. Basal hits were recorded by
species and for a combined category of bareground and litrer. The
locations of the quadrats and the point {rames were gystematic te insure

uniform coversge of the treatments.

Small Mamva

Live trap sampling was Iinitizted in late July of 1971 and three
trapping periods were completed during 1971, In 1972 sampling was begun
iv the spring and 5 trapping periods were completed. Each trapping

oariod counsisted of 5 nilghts,



The trap grid consisted of 42 traps on each plot making a total of
84 traps per treatment. Trapping and marking procedures followed Swift

and French (1972).

Anzlytrical Methods

Primary Productivity

. . . ; 2 . .
Abovegrouné net primary productivity (ANPP) in gz/m” was estimated
using biomass data for species groups. The groups used wera; warm

eason grasses, warm season forbs and shrubs.

Ui

season grasses, coel
Groups instead of individual species were used because of the variation
in the estimates of standing crop for individual species. This was
algo the reason that succulents wece excluded from the calculation.
ANPP was estimated by summing the peak standing crop of the various
groups. It was assumed that at the time of peak standing crop that all
of the previous year's dead material had been incorporated into the
litter. There are several major scurces of errors for this method of
calculating ANPP, The most important source involves the assumption
about the previous year's dead material. If it in fact has not all
been incorporated into the litter, ANPP will be overestimated. The
second scurce of errer is concerned with the fact that perennial parts
of the shrubs were included in the estimate of ANPP azgain causing an
overestimation of the true value. The remaining sources of errors are
that scme of the current season's production becomes part of the litter
before the peak standing crop is reached and there is scme productivity
after the peak is reached. Both of these latter two errors tend to

make the estimates of ANPP less than ths true value.
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Belowground net primary productivity (BNF?) in g/mz was estimatad
by summing the pesitive increments in root weight over the growing
season. For ease of interpretation smcoth curves were fitted to the
data by polynomial regression, regressing root weight on sample date.
Polynomiale of sixth and seventh order were found to yield reasonable
fite. Root weight refers to the dry weight of belowground organic
material retained by the washing method including plant bases.

Herbivery was not accounted for in the estimates of either ANPP or
BNPP., However large herbivores were excluded from the experimental

BYEH .

iversity and Dominaance

Diversity (H) was calculated using Sharnon's formula

H=-1I fi-ln<3i
N N

and was used as an assessment of the level of organization of the
prinary producers {Msrgalef 1963). The value of n, was the density for
the ith species for a treatment and N was the sum of the densities of
all speciez for the treatment. In order to include blue grama In the
calculations, since it was not included in the density data, and also
to give it a weight in relation to its influence on the other species it
was assigned a density in proportion to its biomass contribution on the
date that the density data was collected. Fringed sagewort deusity was
adjusted by the same method, Several methods were tried to arrive at
weighted densities for blue grama and fringed sagewert including shoot
densities., After several attempts it became evident that once ni/H was

greater than 0.30 further increases had very little effect on the index.
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The range of N for blue grama and fringed sagewort densities
adjusted by the bicmass data wzs 6,04 to 0.51.
YceNaughton's comnunity dominance index was used to assess the
degree to which the primary producers were dominsted by the two most
numerous species (McNaughton and Wolf 1970). The cormmunity dominance

index was calculated for each treatment by the formula

., +n

DoI« = ("l N 2

) x 100

where ﬁi'&ﬁﬁ n, were the densities of the twe most numerous speacies and

¥ was the gum ¢f the densities of all species.

Evapotranspiration

Evaporranspiration was estimated by the water balance method.

Roze (1966) gives the following formula for water balance

P=S+ D+ M+U+ JE dt

where P = precipitation, S = net surface runoff, AD = increase in
surfece detention, &M = changs in seil water storage, U = increase in
underground or subsurface storage in layers below that for which AM is

3

caleulated and JE dt = the sotal svapotrvanspiration over the period

¥

considerad, Rosa {15¢6) states that for most conditions AD is negligible
and under the conditions of the ghortgrass prairie, both watered and
unwatersd, 1t was assumed that 5§ and U were algo nezgligible. Because of
two exceptionally heavy rains in 1972 thera were reacons to believe that
there was movement of water below tha depths for wihdch 2D was measured

but no estimate of the amount was available. The simplified water

balance formula is



P = AM+ JE dt

values of P and AM were known and the equation was golved for JE dt.

Small Mammal Populations

Small mammal population estimatss were Lased on the total number
of individuals captured per treatment not incliuding recaptures. Grant
{1972) has shown that population estimastes for these treatments based
on the modified Zippin regrazssion estimation techniques are essentially
the same as total captures, BRBilomass estimates were arrived at by

nultiplying animal numbers times a mean biomass estimate per animal

(Grant 1972).

Statisticzl Analvses

Treatuent means were tested by an analysis of variance followed by
a Duncans New Multiple Range test to test all poussible differences
between treatment means (Li 1964). An example of the Analysis of
Variance table is cghown in Table 1. All means ware tested at the 5%
level {o = .05) and all differences referred to as significant are at

this level.
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Example of analysis of variance table used to test
differences among treatment means for the strvess
treatments on a shortgrass prairie in northeastern
Colorado.

Source of variation Degrees cf ifreedom
Treatment 3
Error 4

Total 7




RESULTS

Net Primary Productivity

Abovegreund Net Primarvy Productivity

14

Aboveground net primary productivity (ANPP) in 1972 vanged from a

2
2 2

low of 203 g/m" /v fex tha contrel to & high of 1361 g/m"/y for the
water plus wmitrogen traatment {Table 2), ANPP for the water plus
nitrogen treatnent was significantly greater than all of the other
treatmente., The water tveatmeant had ¢ significancly greater ANPP than

.

the control and it was greater, but unct significantly, than the nitrogen

1

treatment. The nitrogen treatment ANPF was larger, but not significantly
larvger than the control.

The contributions of the various species groups to ANPP are given in
Tatles 3, 19-22 and Figures 4-7. The coantribution of warm scason grasses
to ANPP showed the largest treatment response of any of the species
groups, Warm season grasses countributed approximately the same amount o
ANPP on the control and the nitrogen treatments. Their contributicn was
increased four times by the water treatment aud almest ten times by the

. - , 2,
water plus nitrogen treatment. The contributions ranged from 48 g/n™/v
. 2 ;
for the nitrogen treatment to 465 g/m”/y for the water plus nitrogen
treatmant.
i

The peak standing crop of cool season grasses ranged from 16 z/m™ to
< 2 . N 5 4 » .

33 g/m” for the control and water plus nitrogen treatments vespectively.

The centvibution to AHPP by the coel season grass group was the same for

20
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TABLE 2. Total (TNPP), aboveground (ANFP) and belowground {BNPP}
net primary productivity (g/mZ/y) for the stress
treatments on a shortgrass prairie in northeastern
Colorado in 1972.

Treatment
Control Water Nitrogen Water plus
Stress Stress Nitrogen Stress
ANPP 2052%/ 446b 2902b 116ic
BNPP 604d 6184 384d 6884
INPP 809e 1064e 474e 1849f

i/ Means in 2 row follewed by the same letter are not different
at the 5% level.
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TABLE 3. Contributions of the species groups to ANPP (g/m?/y) for
the stress treatments on a shortgrass prairie in north-
eastern Colorado in 1972.

Treatments
Control Water Stress Nitrogen Water plus
Stress Nitrogen Stress

Contribution Contribution Contribution Contribution

to ANPP to ANPP to ANPP to ANPP

(2) ¢ (g) z (2 %)y  (g) ¢3)
Warn 1/
Season 49a~ 24  176b 39  48a 17 465¢ 40
Grasses
Cool
Season 16a ) 22a 5 52a 18 53a 5
Grasses
Warn
Season ba 2 3%a 9 30a 1¢ 65b [
Forbs
Cool
Season 1l5a 8 18a 4 54a 19 20a 2
Forbs
Shrubs  12Q0a 58 191a 43 106a 37 558b 48
Total 205 445 290 1161

1/ Means in 2 row followed by the same letter are not different at
the 57 level.



Tigure 4. Seasonal dynamics of aboveground standing crop for four
species groups for the control treatment on a shortgrass
prairie in ncrtheastern Colerado in 1972,
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Figure 5. Seasonal dynamics of aboveground standing crop for four
species groups for the water treatment on a shortgrass
prairie in northeastern Colorado in 1972,
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Figure 6, Seasonal dynamics of aboveground standing crep for four
species groups for the nitregen treatment on a shortgrass
prairie in northsastern Colorado ia 1972,



8jpg sidwpg

6 1% I i S 6 61 ! v
190 dog  bny Inp e unp Ao Ao udy
L. 1 i L | 1 i H O
T

\\.w.\\u.\\i\ "1

”IIII: \\\\.. Ol
/48l

0¢

G<e

O%

O

CS

09

104

108

$QJ0J UOSDBS |00 —-— N

$QJ0} UQOSDAS WD —--— &

— sosspib uosoes j60) ——— 4001

sassn4b vosSDaS wiop ———
sqniyg —— -0l

pPistA

(pw/5)



Figure 7. Seasonal dynamics of aboveground standing crop for four
species groups for the water plus nitregen tveatment on &
shortgrass prairie in northeastern Crnlorado in 1972,
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the control and water treatment and was approximately doubled by the
pitrogen and water plus nitrogen trezatments.

VWarm season forbs contributed 4 g/mzly to ANPP for the control and
65 g/mziy for the water plue nitrogen treatment. The range in magnitude
of the increases above the contrel was from seven times greater on the
nitrogen treatment to 15 times for the water plus nitrocgen treatment.

Cool season forbs showed the greatest treatment responsa to the
nitrogen treatment and essentially no response to the other treatments.
The contributicn of cool season forbs to ANPP was 54 g/mziy for the
nitrogen treatment and approximately 18 g/m2ly for the remaining treat-
ments.

Shrubs had the largest contributicns to ANPP of all of the species
groups. The range cf peak standing crop was from 106 g/mzfy for the
control treatpment to 558 g!mzly for the water plus nitrogen treatment.
The increase in standing crop of shrubs for the water plus nitrogen
treaiment was apprexinmately five fold,

ANP? on all trestuents was dominatzd by warm season grasses and
shrubs. The percentage contribution to ANPP of warm season grasses and
shrubs was greater than 80 percent on all treatments except the nitrsgen
treatment where it was still move than 50 percent. The decrease in
percentage contribution of these two groups for the nitorgen treatment
was attributable to an 3 percent decrease in warm season grasses and a

22 percent decrease in shrub production compared tc the control,

Belowerocund Vet Primavv Productivity

Belowground nret primary productivity (BNPP) ranged from a low of
vy P y g
2 )
384 g/mzly for the nitrogen trestment to 2 high of 688 z/m™/y for the

water plus nitrogen treatment (Tables 2 and 23, Figure 8). The



Figure 8. Seasonal dvnamics of roo% weight for the siress treatments
for a shortgrass prairie in northeasterun Colorade in 1972,
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variability in the root weight data was sc large that no significant
differences ameng any of the treatments could be detected. The water,
nitrogen and water plus nitrogen treatments had bimodal curves for
seascnal root weight dynamies in 1972 and the control treatment had a
trimodal curve {Figure 8). It is important to remember that in these
seasonal dynamics curves for root weight, the depeundent variablie is
s0il orgenic material plus plant bases.

The peaks and troughs of the bimecdal rcot weight curves for the
water, nitrogen and water plus nitrogen treatments occurrad on the same
sampie dates. The initial peak occurved on May 24 with the subsequent
trough cccurring on July 7. The second and larger peak occurred on
August 16, The three root weight peaks for the control treatment
occurred on May 4, June 13 and September 5. The September 3 pazk was

the largest.

Total Net Primary Productivity

Total net primary productivity (TNPP) for 1972 was 839 for the
control treatment, 1064 for the water treatment, 674 for the nitrogen
treatment and 1849 g/mzly for the water plus nitrogen treatment. TNPP
for the water plus nitrogen treatment was significantly greater than
the other tresatments. There were no significant differences in TNPP
ancng the other treatments.

The percentage contributions of ANPP and BNFP to TNPP for the four
treatmants were as follows: control 25 and 75%, water 42 and 58%,

nitrogen 42 and 57%, and water plus nitrogen 62 and 37% respectively.



Botanical Compesition of Primary Producers

Density

Total numbers of primary producers as well as species composition
were altered by the stress treatments in 1971 and 1972. 1In 1971 total
density of primary producers, including the weighted estimates for
blue grama and fringed sagewort, ranged from a low of 20 individuals per
0.25 m2 for tha control treatwent to 74 individuals per 0,25 m2 for the
water treatment (Table 6). Densities of primary producers for the
water and weter plus nitrogen treatments were significantly greater than
the control. Density for the nitrogen treatment was not significantly
different from any of the other treatments. In 1972 primary producer
densities decreasad on all treatments except the control. The lowest
density, 32 dindivideals per 0.25 mz‘was found on the nitrogen treatment
and the highest, 53C individuals per 0.25 mz, was found on the water
treatment. There were no significant differences in total density amoung
any of the trezatments in 1972,

Species composition of primary producers responded coaspicuously te
the stress treatments. In 1971 the most striking treatment effects were
attributable to the response of several annual species (Table 4). The
major specles involved were prairie pepperweed (Lepidiwm dersiflorum),
woolly indian wheat (Plantago purshii) and common six-weeks grass
{Festuca cctoflora). Although common six-weeks grass appeared to con-
tribute & large proportion to the annual aspect of the treatments in
1971 the only available assessment of its contribution was an estimate
of basal cover. The other twc species were included in the density

counts and esiimates of their densities are availzble for beth 1971 and
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1972, The densities of all aznnuals on the water treatment and the
nitrogen treatment were increased ten times over the contrel im 1671,
Density of annuals on the water plus nitrogen treatment was increased
20 times above the control level in 1971.

The density of prairie pepperweed was 1.29 for the control, 4.34
for the water, 3.14 for the nitrogen and 18,85 individuals per (.23 mz
for the wuter plus nitrogen stress treatment. Woolly indian wheat
responded in a similar manner except that its highest density was found
on the watsr stress treatment.

In 197Z the annval species decreasgsad greatly from their 1571 levels
with the treatments receiving supplemental water having the largest
decreases., Prairie pepperweed density in 1972 on the water treatinent
was 0.39 and on the water plus nitrogen treatment was 0.09 individuals

1d

1g™)
N
¢

i

I’
per 0.25 n“. Wsolly indian wheat had decreased to 4,9 viduals par

Ny

0.25 m2 on the water treatment and to 0,49 individuals per 0.25 n".
Most of the peremnial species with the exception of fringed

sagewort had only limited responsas te the stress treatments when the

1971 samples were colilected. Fringed sagewort density was altered by

all stress treatments in 1971. The greatest increase, approximately

400%, cccurred on the water plus nitrogen treatmant and a decrease of

307 occurred on the nitregen treatment. The higher density for the water

plus nitrogen treatment was significantly different from all other

treatments, In 1972 the density of fringed sagewort increased on all

reatments except the wzater plus nitrogen treatment which still had the

largest density. There were no significant differences in fringed sagewort

density among any of tue treatments in 1972,
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Density of sceriet globsmallow, the most abundant perennial forb
nan the study plots, was not significantly altered by the stress treat-
ments in either 1971 or 1972, 1In 1971 and 1972 the largest densities

of this spaci

1

a were recorded for the water plus nitrogen treaticent,

In 1571 theve were essentially no differences in scarlet glohemallow
density among the remaining treatments. In 1972 the water and the
nitrogen treatments had higher densities of scarlet globemallow than the
control,

The response of plains prickly pear to the stress treatments was
similar to scarlet gleobemallow in that there were no sigrnificant
differences in its density anong any of the treatments for both vears.
The largest densities for this species were found on the water plug
nitrogen treacment in 1971 and on the nitrogen treatment in 1972,

Plains prickly pear densityv increased from 1971 to 1972 on all treat-

ments except the water plus nitrogen,

Basazl Ceover

et v v 20 s

Blue grama was the only primary producer species with a measurable
basal cover for all treatments in both years {Table 5). Blue grama
basal cover in 1971 ranged from 7.5% for the control to 10.47 for the
water plus nitrogen treatment. There were no significant differences in

blue grzma basal cover in 1971. In 1972 the water plus nitrogen treat-

3

ment had 21.47 basal cover of blue grama which was significantly greater

il

than all other treatments. The lowest basal cover of blue grama in 1972

was 3.9% for the nitrogen treatment. This represented a 58% decrease

-

from its 1971 value.
Covar of bareground and litter was relatively uniform in 1971

€ R/

ranging from 87.5%7 for the water plus nitrogen treatment to 51.8% for the
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contrel, In 1972 the differcnces were greater with a low of 78% for
the water plus nitrogen treatment and a high of 94.8% for the nitrogen

treatnent,

Organization of Primary Producers

Diversity

Diversities for 1971 were not influenced greatly by the stress
treatnents (Table 5). The highest diversity was found for the centrol
treatment and the lowest for the water treatment. The range of
diversity in 1971 was from 2.0 to 1.7. In 1972 the range of diversity
wideaed and varied from 2.3 for the nitrogen treatment to 1.6 for the
water plus nitrogen treatment. Diversity decreased from 1971 to 1972
on the water plus nitregen treatment,

The number of speciee rocorded for the treatments in 1971 ranged
from a low of 25 for the nitrogen treatment to a high of 38 species for
the water plus nitrogen tresatment. The number of species increased for
all treatments from 1971 tc 1972 except for the control. The largest

number of species recorded in 1972 was 42 for the water plus nitrogen

treatmant.

Dominance

The dominance indices for 1971 were similar to the diversity
calculations in that there were no large responses to the treatments
(Tatle 6). The dominance index ranged from 58% for the control to 64Y%
for the nitrogen treatment. In 1972 dominance was more variable with
the lowest degree of dominance 36%Z found for the nitrogen treatment and

the highest, 73%, found for the water plus nitrogen treatment,
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TABLE é. Nuwber of species (S), total den
and commnunity cominance index (i
treateants on a shortgrass prair
Colorado in 1971 and 197Z.

gity (W), diversity
1T ro* the stress
ie in northeastern

1971 1972

Treatument s N 4 1 S N I
)

Control 30 20a% 2.0 58 30 44a 1.8
Water
Stress 3% 740 1.7 63 38 50a 1.7
Nitrogen
Stress 25 35ab 1.9 84 32 32a 2.3
Water plus
Nitrogen
Stress 38 72b 1.8 A3 42 Lba 1.6

4/ Means within a column followed by the same letter are not
sipnificantly different at the 5% level. Means not
followed by a letter were not tested.
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Treatment Water Relations

Soil Water

Soil water in centimeters for the four treatments in 1971 and
1972 are presented in Figures 9-12, Figures 9 and 11 show total socil
water to a depth of 20 cm for both years and the horizontal iines at
3.8 cm correspond to the amounts of water that would be held ia the
soil at a matric potential of -0.3 bars. The same is true for the
lines at 6.5 cm in Figures 10 and 12, The -0.3 bar valuass, determined
using a pressure membrane apparatus, were taken from Van Haveren and
Galtraith {1971).

In 1971 soil water for all treatments at beth the 0 - 20 and the
20 - 45 cm depth increment was less than in 1972. This was more
pronounced for the 0 = 20 cm increment. The shape of the soil water
curves at both depths for the control znd nitrogen treatments in 1971
indicated a steady depletion during the growing seazon. In contrast to
this the 1972 data shows severzl major additions to soil water during
the growing season,

The treatments receiving additional water showed substantially more
soil water than the other two treatments in both 1971 and 1972. The
lower levels of soil water maintained in 1971 were indicative of the
very dry conditions during this year. The rapid decline in soil water
of both the water and water plus nitrogen treatments after August 16,
1971 resulted from a cessation of watering because of prcblems with the
well. It was assumad that the influence of the premature ending of the
water treatment on the 1972 data were minimal since the majority of the

spacies had begun to senesce by this time.



Figure 9. Totzl soil water in the 620 cm depth for the 1971 season
for a shortgrass prairie in northeastern Colorado with a
herizontal line at the equivalent of -0.3 bars soil water

potenrial.
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Figure 10. Toktal soil water in the 20-45 om depth for the 1871 season
for a shovtgrass prairie ir northeastern Coleorado with a
horizontal line at thz cguivalent of 0.3 bars soil water

potential,
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Figure 11. Total soil water in the 0-15 cm depth for the 1972 seascn

for a rhortgrass prairie in northeastern Colorado with a
horizontal line at the equivzlent cf ~C.3 bars soil water
potential.
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Figure 12.

Total soil water in the 2045 om depth for the 1 ‘
for a shortzrass prairie in northeastern Celorado with a
horizental line at the ecuivalent ¢f «0.2 hars 2

potential,
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Growing seasoun precipitation (April 20 to September 4) was
approximately 123 rm in 1971 and 240 mm in 1972. The long term average

for this period is 220 mm,

Evapotransniration

The water balance for the treatments in 1971 is given in Tables
7-10. Data were collected fcr the period May 15 to September 7 and
evapotranspiration ranged from a low of 126 mm for the nitrogen treat-
ment to a high of 577 mm for the water plus nitrogen treatment, The
difference between the water and the water plus nitrogen treatment in
1971 was not significant. The control had a significantly higher amount
of evapotranspiration than the nitrogen treatment. The majority of
water utilized by the primary producers on the control and the nitrogen
treatment was stored in the soil at the beginning of the soil water
measuremants.

The water balance for the treatments in 1972 is given in Tables
11-14, Evapotranspiration for the period April 4 to September 4 ranged
from 197 mm for the nitrogen treatment to 545 mm for the water plus
nitrogen treatment. Nitrogen at the levels maintained in this study did
not increase the amount of water that the plants could extract from the
s0il, The estimate of evapotranspiration for the nitrogen treatment was
not significantly greater than the control treatment, Nitrogen in
combination with water significantly increase evapotranspiration over the
water treatment., The data from the control and nitrogen treatments
indicated that at the beginning of the growing season in 1972 the soil
was drier than at the end and all of the soil water for plant growth was
derived from current season pracipitation. There was no soil water

storage from the previous fall or winter.
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Daily evapotranspiration provides a standardized comparison of
evapotranspiration throughout the growing seasons for all treatments,
The maximum rates observed were for the water plus nitrogen treatment
in 1972 and the minimum rates were observed for the nitrogen treatment
in 1971. The nitrogen treatment in 1971 had consistently lower values
for daily evapotranspiration than any other treatment for either year.

Ratios of evapotranspiration to pan evaporation for 1971 and 1972
and ratios of total net primary productivity to evapotranspiration for
1972 are given in Tsbie 15. Ratics of ET/Pan ranged from 0.087 for the
nitrogen treatment in 1971 to 0.400 for the water plus nitrogen treat-
ment in 1971, In all cases the ratios between years for the same
treatment were within 0.06. The nitrogen treatment consistently had
the lowest ratio and the water plus nitrogen treatment consistently had
the uighest.

Ratios of TNPP to ET indicate that the control treatment was most
efficient in its water use and that the water stress treatment was the
least efficient. The nitrogen and water and nitrogen treatments means
were intermediate to the above two but closer to the control. None of

the TNPP/ET ratios were significantly different from any of the others.

Small Mammals

Density
The total numbers of small mammals captured in 1971 and 1972 for
the stress treatments as well as the numbers of individuals of each

species captured are presented in Table 16. The total number of small

manmals captured on the water plus nitrogen treatment in both 1971 and
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TABLE 15. Evapotranspiration (ET) in millimeters, evapotranspiration/
pan—evaporation ratios for the stress treatments on a
shortgrass prairie in northeastern Colorado in 1971 and
1972 and TNPP/evapotranspiration ratios for 1972.

Control Water Nitrogen Water plus
Stress Stress Nitrogen Stress

1971 1972 1971 1972 1971 1972 1971 1972

ET 222 204 526 464 126 197 577 545
ET/PAN 0.15 0.14 0.36 0.31 0.69 0.13 0.40 0.37
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1972 was significantly different from all other treatments. There were
no significant differences in total density among any of the other
treatment totals.

The responses of the various species of small mammals to the
stress treatments did not demonstrate the same trends as the totals of
all species and there were many differences in species densities
between treatments. The most striking difference among the treatments
was attributable to the prairie vole (Microitus orchrogaster). This
species, not a normal inhabitant of upland prairie sites, was captured
in large numbers and almost exclusively on the water plus nitrogen
treatment. Three individuals were captured outside of the water plus
nitrogen treatment and all of these were found cn the water treatment.

The cdezr mouse (Peromyscus maniculatus) also seemed to prefer the
water plus nitrogen treatment habitat, but not as markedly as the
prairie vole. 1In 1971 there were significantly greater numbers of deer
mice captured on the water plus nitrogen treatment than on any other
treatment. There were also substantial numbers of individuals captured
on the water treatment., In 1972 the number of deer mice captured on the
water plus nitrogen treatment had declined, and was then only signifi-
cantly differsnt from the contrel. The number of deer mice captured on
the water treatment was also significantly greater than the control. As
a generzlization it appears that both the prairie vole and the deer
mouse prefer arcas of heavy vegetative cover.

Onyehoryys leucogaster, the grasshopper mouse, and Spermophilus
tridecemlineatus, the thirteen lined ground squirrel, responded just the
opposite of the prairie vole and deer mouse. In both 1971 aad 1972,

there was a significant difference between the number of grasshopper mice
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captured on the treatments receiving additional water compared to these
not receiving it. This was also true for the thirteen lined ground
squirrel in 1972, but not in 1971, There was a decrease in the number
of grasshepper mice from 1971 to 1972 on both the control and the
nitrogen treatments, and for the same time period and treatments there

was an increase in the number of thirteen lined ground squirrels.

Biomass

Small mammal biomass by species was proportional to the number of
captures because ¢f the method used to calculate biomass and hence the
above discussion of numbers is also applicable here (Table 17). Total
small marmal biomass per treatment was different from total captures
because of the differences in average bicmass fer each species. Total
biomass of small memmals was significantly differsnt between the water
and the water plus nitrogen stress treatments, but neither of these
were significantly different from the other treatments in 1971. 1In
1972, the water treatment had a significantly smaller biomass of small
mammals than any of the other treatments. There were no differences in

small mammal bicmass among the remaining treatments.
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DISCUSSION

Net Primary Productivity

Hypothesis I: Water and nitrogen stresses will increase net primary
productivity.

Literature Review. Two types of experiments reported in the

literature sre relevant to Hypothesis I, although neither are directly
comparable., The first involves the effect of stresses induced by
non-nutrient chemicals on ecosystems and includes estimates of net
primary productivity. The second are agroncmic irrigation and nitrogen
fertilization experimsnts on shortgrass and mixed grass prairie
ecosystems and generally do not coutain estimates of net primary
productivity. In the latter case forage yields and root yields will be
discussed.

Barrett (1968) investigated the effects of stress, induced by a
single 2.25 kg/ha application of sevin, a carbamate insecticide, to a
seeded millet (Panicum ramoswn) ecosystem. He found no effect of the
insecticide on net primary productivity. Malone (1969) applied 15.7
kg/ha of dzzinon to an abandoned field in New Jersey and studied the
effects for the following two years. He evaluated net primary productiv-
ity on both a treated and an untreated avrea and found a significant
increase the first year and no difference the second year. The increase
during the first year was attributed to a decrease in the activity of

belowground arthropods.

73
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Cosper and Thomas (1961) working in a mixed grass prairie in
Scuth Dakota found that the addition of 130 kg/ha of nitrcgen doubled
forage yield. Klages and Ryerson (1965) in a mixed grass prairie in
eastern Montana determined that amaual additions of 112 kg/ha of
nitrogen over four years caused forage production to increase from 1007
to 500% compared to the control, The addition of €608 mm of water during
May, June and July increased forage production from 30 to 100%. The
combination c¢f water and nitrogen incrsased forage production three of
the four years and the largest increase was ten times the control. They
found nitrogea to be more effective than water in increasing yields.

Garwood (1967) investigated the effects of irrigation on the weight
of grass roots under seeded pastures in England. He found a decrease in

root weight by irrigation and postulated that it occurred because of
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faster decay of dead rocts., Ee zlso investigated the effoct
levels of nitrogen, 273 and 546 kg/ha, with and without irrigation. He
found that on non-irrigated pastures root weight decreased with increas-
ing N and on irrigated pastures root weight was greatest for the

273 kg/ha treatment but still lower than the non-irrigated.

Cosper, Tuomas and Alsayegh (1967) working with shortgrass prairie
vegetation found that 180 kg/ha of nitrogen caused a significant increase
in forage production of 786 kg/ha the year it was applied and a 449 kg/ha
increase from the residual effects the following year.

Lehmen, Bond and Eck (1968) investigated the capacity of a pure
stand of blue grama to respond to nitrogen fertilization and irrigation.
Seasonal precipitation plus irrigation averaged 500 mm for the three

years of the study. Three levels of nitrogen, 225, 449, and 898 kg/ha

were applied in the spring of the first year. No non-irrigated control
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was studied. Total forage production for the three years was
increased about 90% for the 225 kg/ha treatment, almost 300% for the
449 kg/ha treatment and more than 400% for the 898 kg/ha treatment.
They concluded that blue grama probably does not have a high yield
potential compared to agricultural forage crops.

Discussion of Hypothesis I. The results of this experiment

indicate that total net primary productivity of the shortgrass prairie
is more sensitive to the addition of water and nitrogen in combination
than to either nutrient separately. These results also provide
evidence that water is more effective in altering net primary produc-
tivity than is nitrogen. These findings are contrary to those reported
by XKlages and Ryerson (1963) who found that nitrogen had a grester
effect for increasing yields than water. The reason for the different
findings betwzen thic study and Klages and Ryerson {19$5) is prcbably
attributable to the lower amount of evaporation in Montana compared to
olorado, This lower evaporation would increase the effectiveness of
soll water for plant growth and lessen its importance in limiting
productivity.

Although water altered total net primary productivity more thaa
nitrogen, neither caused a significant deviation of TNPP from the control
values in 1972. The reason that the water treatment did not cause a
significant change in INPP can be traced to the estimate of the below-
ground contribution to net primary productivity for this treatment. This
was also a facter for the nitrogen treatment in addition to the carry
over of effects from the extreme dry period in 1971,

The lack of a significant increase in BNPP by the stress treatments

is in agreement with the findings of Garwood {1967). He postulated that
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this result was due te a faster rate of decay of dead roots under
conditions of increased availabiiity of water and nitrogen. Malone
(1969) found that insecticide application increased the amount of
belowground plant material and speculated that this was a result of a
decrease in activity by decomposers. It seems reasonable to assume
that although no differences could be detected in BNPP for this study
that the values for the amended treatments represented a larger fraction
of functional tissue than the control. The uncertainty of the respcnse
of the belowground portions of the primary producers was a large factor
in the lack of a significant response of TNPP to the water treatment.
The postulated relationship between the drought period in 1971 and
the decrease in primary productivity of the nitrogen treatment in 1972
is based entirely on indirect although plausable evidence. The dry
period in 1571 began approximately the first of June and lasted through
September. During this period 24 mm of rainfall were recorded compared
to 140 mm for the same period in 1872 and 150 mm long term average.
This dry period was preceeded by above average precipitation for April
and May. Chemical analyses indicated that during May the nitrogen
content of blue grama on the nitrogen treatment was 2.5% compared to
1.5% for the control treatment., The above data imply that during the
spring of 1971 both water and nitrogen were available for rapid plant
growth which under conditions of excess mineral nitrcgen leads to rapid
stem elongation and stem and leaf succulence. Both of these latter two
conditions render plants particularly susceptable to drought injury
{Treshow 1970). It is suggested that the interaction of rapid spring
growth, high plant nitrogen and physiological water stress is enough to

account for the decrease in primary producers observed on the nitrogen
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treatment from 1971 to 1972 (Tables 4, 5 and 6). It is also suggested
that this decrease in the population of primary producers was a large
factor in the lower net primary productivity observed for the nitrogen
treatment in 1972, Widdowson et al. (1959) found that dry conditions
following application of nitrogen fertilizer increased the amount of
fertilizer "scorch" in cereal grasses.

Hypothesis II. Water and nitrogen stresses will differentially

influence species group contributions to net primary
productivity,

Literature Review. Cosper and Thomas (1961) found that the

applicaticn of nitrogen to & mixed grass prairie site increased the
proporticn of non~grass over grass species. Klages and Ryerszon (1965)
reported that nitrogen, water and water plus nitrogen additions to a
mixed grass prairie ecosystem decreased the proportions of grasses in
total yields, Forbs and half shrubs were increased by nitrogen and
water, but were only increcased in two of the four years by water plus
nitrogen. Blue grama decreased under 112 kg/ha of nitrogen, increased
slightly with the addition of 608 mm of water during May, June and July
and was increased two out of three years by water plus nitrogen.
Cosper, Thomas and Alsayegh (1967) determined that a single
application of 180 kg/ha of nitrogen had no significant effect on the
composition of yield. Goetz (1969) investigated the response of the
vegetation on four range sites in North Dakota to 112 kg/ha of nitrogen.
Midgrasses, shortgrasses, and perennial forbs increased on all sites.
Annual forbs increased their proportion of yield on three of the four

sites.
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Choriki, Ryerson and Dubbs (1969) found that in Montana high
rates of nitrogen eliminated some species, reduced the yield of blue
grama and increased the yields of forbs and fringed sagewort. Ford and
Siddoway (1971) also working in Montana determined that the yield of
grasses and sadges increased five times and the yield of fringed
sagewort and forbs was not changed by the application of 112 kg/ha of
nitrogen. They also found that at very high rates of nitrogen,
fringed sagewort was damaged by osmotic effects.

Discussion of Hypothesis II. The results of testing Hypothesis II

are presented in Tezble 7. This hypothesis was qualitatively supported
by all of the treatments but statistical analyses indicated that there
were no significant changes in the composition of ANPP due to the
nitrogen stress treatment. The water plus nitrogen treatment had the
largest auwnber of significant changes in species zroup coatributioas to
ANPP. Three of the five groups were significantly greater than the
control. The water treatment caused a significant change in only one
of the five groups.

The species group with the largest response to the treatments was
the warm season grasses, It was significantly increased on both the
water and the water plus nitrogen treatments, As can be seen from
Table 7 this group increased both its absolute and relative contribution
to net primary productivity. This indicates that this group, which was
primarily composed of blue grama, had the capacity to respond to
additions of water and water plus nitrogen at the expense of other
species groups. Yor both treatments this increase was at the expense of

all groups except the warm season forbs.
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The contributions of warm season forbs and shrubs to ANPP were
significantly increased by the water plus nitrogen treatment. Cool
scason forb and cool season grass contributions to ANPP were not
significantly changed by any of the stress treatments although both
sustaired large non-significant increases on the nitrogen treatment and
the cool season grass peak standing crop was increased by the water
plus nitrogen treatment.

The only indication of & fundamental change in the primary
producer trophic level was the difference in the relative contributions
of the species groups to ANPP for the nitrogen treatment compared to
the other treatments. The control, water and water plus nitrogen
treatments had basically the same patterns of relative contributions to
ANPP, The two most important groups, shrubs and warm season grasses,
contributed at least 82% arnd the remaining groups lescs thar 107 cach,
The nitrogen treatment was different in that all five groups contributed
10% or more to ANPP, The largest contributor was shrubs with 377 and
the smallest was warm season forbs with 10Z%Z. This appears to represent
a basic alteration of the primary productivity relationships within this
level of the ecosystem. The composition of ANPP for the other treatments
appears to have been determined by the differential ability of the
various species groups to compete for the added nutrients whereas for the
nitrogen stress treatment the groups were exhibiting unequal capacities
to withstand the nitrogen stress.,

The two species groups that sustained the largest decrease because
of the ritrogen treatment were the warm season grasses and shrubs. It
appears that the reason they were injured and the other species groups

were not was because of their opportunistic behavior. The data indicates
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that both of these groups respond markedly to increased availability
¢f water and nitrogen. It seems probable that this response, previous
to the dry period in 1971, was responsible for the decreases in both

these species in 1972,

Hypothesis ITI. There is a positive interaction batween water and
nitrogen stress on net primary p»rocuctivity.

Literature Review, Adequate water is extremely important in the

nitrogen nutrition of plants. It is required for the movemen:t of
nitrogen In the soil to plant roots, uptake frem the soil by the roots
and its metabolism once it is inside tha plant. In many areas of
grasslaunds in the United States the response to added nitrcgen is
nullified by the lack of adequate moisture (Valleantine 1971).

Klages and Ryerson (1965) found a statistically significant inter-
action between water and nitrogen on the yield of a mixed grass prairie
grassland in Montana. Garwcod (1967) working with the effects of water
and nitrogen on grass roots also found a significant interaction
between water and nitrogen.,

D'aoust and Tayler (19€8) investigsted the interaction of water and
nitrogen on the growth of seeded grass pastures, They found the inter-
action clesely related to the effect of irrigaticn on the soil water
availability in the top few centimeters of soil., They also suggested
that d{rrigation increases the uptake of nitrogen out of proportion to
total yield,

Viets (1967) reviewed nutrient availability in relation to soil
water for agricultural situations and stated that interactions of

aitrogzen with water are more common than the lack of interaction. He
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suggestad three reasons for this: nitrogen deficiency is very common;
wost nitregen is absorbed in the highly mobile NO3 form; and the
nitregen requirements of plants are high.

Discugsion of Hypothesis III. The results of testing Hypothesis

ITY are presented in Table 2. These results indicated that while there
was pot a significant change in TNPP for either the water or the
nitrogen treatment, there was a significant interaction of water and
nitrogen. This interaction apparently was czused by the very tight
balance between water and nitrogen and the scarcity cf both under
natural conditions., This will be discussed in detail in the discussion
of Hypcthesis IV.

Another indication of the interaction between these two nutrients
is providad by the ratios of TNPP/ET in Table 15. The ratios are not
comparable between the watered 2nd unwatered treatments because a
proportion of the water treatments were applied after the species groups
reached their peask standing crop. The difference between the ratios for
the water treatment and rhe water plus nitrocgen treatment reflects the
importance of nitrogen once water is freely available and hence the
interaction of water and nitrogen.

Hypothesis IV, Net primary productivity is limited bv the following:
water on the control and nitrcgen ftreatment; nitrogen

on the water treatment; phosshorous, light or COs on
the water plus nitrogen treatment.

Literature Review., ULimiting, in Hypothesis IV is intended in the

sense of Liebig's law of the minimum. This states that out of all the
factors reguired for, im this case net primary productivity, the one
that is closest to approaching the critical minimum needed will be the

limiting facror (Cdum 1971).
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The fact that experiments in range fertilization and irrigation
are being done on Great Plains grasslands indicates that these
scientists hypothesized that cne or the cther or both are limiting
forage production under natural conditions (Cosper and Thomas 1961,
Kleges and Ryerson 1965, Smika, Haas and Power 1965, Cosper, Thomas and
Alsayegh 1967, Burzlaff, Fick and Ritterhouse 1968, Lehman, Bond and
Eck 1968, Rauzi, Lang and Painter 1968, Goetz 1969, Whitman 1969).

Striffler (1969) in a review of the hydrolcgic cycle in grasslands
emphasized the extreme importance of water as a limiting facter to
productivity. Porter (156%) in a similar paper concerned with nitrogen
in grassland ecosvstems stressed the importance of both nitrogen and
water in determining grassland productivity.

Discussion of Hypothesis IV. The discussion of this hypothesis

will consider oniy factors other Lhaun the treatments as limiting factors.
The effect of excess nitrogen on net productivity was discussed
previously., It is recognized that the design of this experiment does
not permit tasting this hypothesis and much of the following discussion
is speculative.

Net primary productivity on the control treatment in 1972 was
Jimited by the availability of water as evidenced by the data in Table 2.
TNPP was increased by the addition of water but not by adding nitrogen.
As mentioned previously the warm season grasses had the greatest response
to additional water.

Water was also the critical factor bounding TNPP in the nitrogen
treatment, This was supported by the large increase in TNPP sustained
by the water plus nitrogen treatment, If, as stated above, water is the

factor limiting net primary production under natural conditions, the
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addition of large amounts of mineral nitrogen without the addition of
water would serve to magnify the importance of water. This was demon-
strated by the effects of the nitrogen treatment during the drought
period in 1971,

The results from the water treatment support the hypothesis that
water is the limiting factor to net primary productivity for the short-
grass prairie and also point out the important effects of nitrogen once
water is in adequate supply. The water treatment increased TNPP 25X
whereas the water plus nitrogen treatment increased it more than 100%.
The effects on ANPP were more pronounced with water accounting for a
doubling of ANPP and water plus nitrogen increasing it five times. It
appears from this data that the availability of mineral nitrogen rapidly
teccmes the limiting factor to net primary production once the limiting
effects of water are remcved.

Water is so important in determining net primary productivity of
the shortgrass prairie and since it is in short supply a large propor-
tion of the year the growing season for this vegetation type might
better be defined on the basis of temperature and soil water rather than
on temparature alone. A similar suggestion was made by Lewis (1969).
This approach would remcve water from any discussion of limiting factors
and put it in the same category as temperature. This would elevate scil
mineral nitrogen to the status of the limiting factor to TNPP., The
design of this study does not lend itself to a more detailed examination
of nitrogen since it is likely that different responses would have been
attained with additions of nitrogen less than 150 kg/ha.

The respouse of the primary producers to the water and nitrogen

treatment substantiate and emphasize the importance of water and nitrogen
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to primary productivity of the shortgrass prairie (Table 2). The
question of what becomes the limiting factor after water and nitrogen
are in sufficient supply has not been examined but the most likely
factors seen te be phosphorous, light or carbon dioxide. Vern Cole
{Personal communication, Cclorado State University) determined that
during the 1972 growing seascn aboveground plant phosphorous for the
water plus nitrogen treatment was not unusually low, which may be an
indication that phosphorous was not limiting TNPP,

Dye, Brown and Trlica (1972) examined carbon dioxide exchange of
blue grama on thas stress treatments and found that its photosynthetic
activity was not light saturated sven at 1.3 langleys/min., They con-
cluded that under conditions of adequate soil water, production would
increase if more light energy were available.

Although ne work has been dona on the stress treatments with carbon
dioxide concentrations, Zelitch (1971) reported that net photosynthesis
of both C3 and 04 plants was enhanced by incrsasing carbon dioxide
concentraticns to near the saturation point., It seems quite likely that
with the amount of vegetation present on the water plus nitrogen treat-
ment any of the above factors may have been limiting net primary

production.
Botanical Composition of Primary Producers

Hypothesis V. Species composition of primary producers will be altered
by water and nitrcgen stresses.

Literature Review: The majority of the experiments involving the

addition of water, nitrogen or both to native prairies have included
botanical compesition data but most is reported on a species group rather

than a species basis,
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Goetz {1969) reported changes in species composition caused by
the addition of 112 kg/ha of nitrogen to several mixed grass prairie
sites. The major effect of the treatment was an increase in western
wheatgrass (Agropyron smithii), threadleaf sedge (Carex filifolia) and
fringed sagewort and a decrease in blue grama,

Lorenz (1970) also working with mixed prairie vegetation, found
that western wheatgrass density increased with nitrcgen fertilization
and blue grama basal cover decreased. Density of western wheatgrass
increasad from 13 per 0.37 m2 for the control to 163 when 180 kg/ha of
nitrogen was applied. Basal cover of blue grama decreased from 37 to
4Z.

Discussion of Hypothesis V. The most interesting responses of

botanical composition caused by the stress treatments were attributable
to the following species: blue grama, fringed sagewort, plains prickly
pear, scarlet globemallow, plains pepperweed (Lepidium densiflorum) and
woolly indian wheat (Plantago purshii). The rasponse of the above
species will be discussed in terms of density except for blue grama for
which basal cover will be used.

There were no significant differences in blue grama cover among any
of the treatments in 1971. In 1972 blue grama basal cover for the water
plus nitrogen treatment was significantly greater than all other treat-
ments and the water treatment was significantly greater than the nitrogen
or control treatment. The decrease of blue grama basal cover on the
control and nitrogen treatments was probably a response to the drought
conditiors in 1971 as has been discussed previously. Both Goetz (1962)
and Lorenz (1970) found decreases in blue grama basal cover with nitrogen

fertilization. Basal cover of blue grama subjected tc the water treatment
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apparently was not increased and the reason that it was significantly
greater than the control in 1972 seems to have been primarily due to

the decrease of basal cover on the contrel treatment. The water plus
nitrogen treartment in 1972 had more than three times as much basal

cover of blue grama as the control. Here blue grama was demonstrating
its dominance potential under what it was apparently finding as very
favorzble growing conditions. The data of Table 10 indicate that this
additional area occupied by blue grama in 1972 was previously bareground
er litter,

The density of live pads of plains prickly pear was not signifi-
cantly altered by the stress treatment in either 1971 or 1972. The
highest density of live pads was recorded for the nitrogen treatment in
1972 which indicated that this species was not asg scensitive to the
effects of high levels of nitrogen during drought periods as were blue
grama and fringed sagewort. This was not unexpscted since this species
coes not appear to have the rapid growth rate capability of either blue
grawa or fringed sagewort and therefore would be less susceptable to
this type of injury. Ancther advantage of plains prickly pear is that
its stomata remain closed during the daytime thus minimizing water less.

Scarlet globemallow was the most abundant perennial forb on the
study area. Density of this species was not significantly modified by
the stress treatments in either wvear of the study. This species also was
not adversely effected by the nitrogen treatment, It is likely that the
reascn this species was not altered by the stress treatments and
particularly by the nitrogen treatment was due to its very extensive
rhizome system and large storage of carbohvdrate reserves (Personal

communication, John Merke, Colorade State University).
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Plains pepperweed and woolly indian wheat were the most abundant
annual forbs encountered on the study plots and both responded markedly
to the siress treatments. Plains pepperweed densities in 1971 ranged
from a low of 1.29 for the control treatment to a high of 18.85 for the
water plus nitrogen treatment. The most interesting response of this
species to the treatments was illustrated by its demsities for the water
and the water plus nitrogen treatments., Density of plains pepperweed
for the water treatment in 1972 was 0.59, a decrease of 3.75 from 1971.
Density ¢f this species for the water plus nitrogen treatment was 0.09
a decline of 18.76 from 1971. Over the same period the control and the
nitrogen trestments had increases in plains pepperweed density. It
appears that the decrease in plains pepperweed dencity was related to the
water treatment and that the effect was magnified by nitregen. Similar
but not gquite as drastic effects were recorded for the density of woolly
indian wheat. Its density in 1971 responded markedly to the water
treatment and somewhat less to the water plus nitrogen treatment. In
1972 woolly indian wheat density decreased 10.58 on the water treatment
and 6.46 on the water plus nitrogen treatment.

The response of these two species provide an interesting contrast.
Plains pepperweed responded most positively to the water plus nitrogen
treatment whereas woolly indian wheat responded most to the water treat-
ment., These two species are found in approximately the same quantities
in some years under natural conditions yet they have such different
responses to the two most important limitirg factors in their environment,

The question of why these two species declined so drastically in
1972 on the treatments that they had previously found very favorable is a

matter for speculation at this time. Both species produced large
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quantities of seeds in 1971. The most reascnable explanation for the
decline in 1972 appears to be involved with two factors, the large
accumulation of litter at the end of 1971 and the shading effect of the
standing dead plant material at the end of 1971 and early in the growing
season of 1972. The heavy litter layer would prevent seeds of these
species from reaching the soil surface. A combination of a heavy litter
layer and a large amount of standing dead vegetation would prevent the

seedlings from receiving adequate light.

Organization of Primery Producers

Hypothesiz VI, VWater and nitrogen stresses will result in 3 change
in successional state of the primary producers but not
necessarily to anv previcus state of the svstem,

Review of Literature. Margalef (1968) characterized trends in

ecosystem properties during succession as follows: there is a trend
toward increase in biomass, stratification, complexity and diversity;
and a decrease in dominance. Many authors have used diversity to either
characterize or compare successional states of ecosystems or communities.
One of the most popular indices of diversity used by ecologists is

the Shannon index proposed by Margalef (1968)
He -3 Py In Py

where Py is the proportion of the ith species in the collection, The
basic property that makes this function useful as a descriptor of
diversity is that it is a minimum when all individuals belong to the same
species and a maximum when all individuals belong to different species.
Monk (1967) found that tree species diversity in forests from north

central Florida was partially a function of the successional status of
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the communiry. Auclair and Goff (1971) stated that diversity in forest
communities of the western Great Lakes region was strongly related to
structural crganization. They also found an increase in diversity during
succession up to the climax stage then a decrease. Loucks (1970) also
found that diversity increased as succession proceeded toward the climax
with a decrease occurring at climax.

Discussion of Hypothesis VI. Two important statements must be made

before beginning the discussion of Hypothesis VI. Oue concerns the
basic assumption of the discussiorn and the other delimits the scope of
the results. The basic assumption of this discussion and the important
conclusion from the literature review is thatkdiversity and succession
are related and by measuring asppropriate variables for caiculating
diversity, inferences can be made about the relative successional state
of a group of ecosystems. The second statement is made to indicate that
there is no intent to generalize these results to the entire shortgrass
prairie.

In 1971 there were indications that Hypothesis VI would be supported
by the data although the changes were not large. The impact of the
treatments on diversity of the primary producers was greatest on the
water treatmant. It had the lowest diversity of all the treatments and
approximztely the same degree of dominance as tha nitrogen and the water
plus nitrogen treatments. Both the nitrogen and the water plus nitrogen
treatments had lower diversities than the control. Although the result
of stresges on the primary producers was the same fer all treatments, a
decrease in the level cf organization, the manner in which they changed

was not. The water and the water plus nitrogen treatments were at a

lower organizational level in 1971 primarily as a result of the ability
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of blue grama and fringed sagewort to respond rapidly to the increased
nutrients and become very abundant. This response magked the fact that
the number of species encountered on both treatments increased. The
reascn the nitrogen treatment changed successionally was attributable to
an increase in fringed sagewort infliuence and a decrease in the number
of species encountered.

In 1972 the depression in the succecsional state of the water and
the water plus nitrogen treatments continued but the nitrogen treatment
rebounded to a higher level than the control. The nitrogen treatment
appears to have experienced the most disruptive influence on the level
of organization of any of the treatments. In 1972, diversity on this
treatment was 237 higher than the control and the degree of dominance
almost 50% less. The major reason for this response was the severe
nitrogen~drought iateraction in 1971 causing a large veduction in the
dominance of both blue grama and fringed sazewort. The effect of this
was to even cut the distribution of density among the species of primary
producers.

The treatment resulting in the largest decrease in successional
state was the water plus nitrogen. In 1972 it had 407 more species than
the contrel treatment, approximately the same total density and a 17%
increase in dominance. The primary reason for this decrease in organi-
zation was that four species contributed 927 of the density compared to
84% for the four most abundant species on the control treatment.

The influence of the water treatment on the level of organization
of the priwmary producers paralleled the water plus nitreogen treatment
but was not as severe., The major response again was the concentration

of total density in a few species.



Treatmeni Water Relations

Hypothesis VII. Evapotranspiration from the treatments receiving
supplementa2l water is limited more by internal plant
resistances than by the availability of energv.

Literature Review. Hypothesis VII was proposed because it was felt

that plants that have evolved under conditions of limited water avail-
ability would have adaptations for conservative use of water. This
premise is contrary to evapotranspiration theory.

The theory states that potential evapctranspiration is "the amount
of water transpired in unit time by a short green crop, completely
shading the ground, of uniform height and never short of water " (Pemman
1956). Furthermore it has becn demonstrated that if the above conditions
are met that evapotranspiration is dependent upon the availability of
eaergy regardless of the species of plants preseat (Chang 1968).

Denmead and Shaw (1962) found that under conditions of high evapora-
tive demand of the atmosphere actual evaporation of well watered corn
plants departed from the potential rate at a2 soil water potential of
-0.3 bars. Under moderate and low evaporative conditions these departures
occurred at -2 and -12 bars respectively. These data suggest plant con-
trol of traunspiration even under condition of high availability of water.

Several authers (Smika, Haas and Power 1965, Lehman, Bond and Eck
1968 and White and Brown 1972) have shown effects of additions of nitrogen
on evapotranspiration. Smika, Haas and Power (1965) found that seasonal
evapotranspiration was increased by nitrogen when additional water was
supplied but not under natural precipitation conditions. Lehman, Boné and
Eck (1968) and White znd Brown (1972) found no effects of nitrogen on

total evapotranspiration although it did increase water use efficiency.



Discussion cf Hypothesis VII, Hypothesis VII was not supported by

the data and it was concluded that this hypothesis should be rejected.
There was no evidence that the primary producers of the shortgrass
prairie ecosystem had the ability to use water conservatively,

Three empirical estimates of potential evapotranspiration were
available to compare with the data. They were as follows: 363 mm for
1971, 405 mm for 1972, calculated by the Hamon method from the results
of Keiser (1970); 610 mm as a general annual estimate for eastern
Colorado by Thornthwaite's method (Striffler 1969); 750 mm as a general
annual estimate for the entire shortgrass prairie (Perscnal communica-
tion, Freeman Smith, Colorado State University).

Estimates of evapotranspiration by the water balance method for
1971 and 1972 were; 525 and 464 mm for the water treatment; and 577 and
544 mm for the water plus nitrogen treatment. The water plus nitrogen
treatment best met the criteria for potential evapotranspiration although
both treatments exceeded the estimates by the Hamon method. It also
seems likely that both would exceed the annual estimate of 610 mm by
Thornwaite's method if the treatments could be continued for an entire
year. The estimate of 750 mm per year appears to be the most reasonable
estimate of potential evapotranspiration.

Nuun (1973) working on a shortgrass prairie site within two miles of
the locztion of this study suggested that canopy resistances were impor-
tant in restricting transpiration regardless of soil water condition.
This result is in contrast to the results for the stress treatments.

There are two explanations for the differences between the observed
evapotranspiration and the calculated potential evapotranspiration. The

first is that with the quantities of water maintained in the soil, plant
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resistance had no effect on transpiration. The large amount of evidence
that there ars resistances within plants that restrict water flow
(Kramer 1569, pp. 258-346) casts a certain amount of doubt on this
explanatiocn., The remaining explanation is that the estimates of poten-
tial evapotranspiration are actually quite conservative and whiie they
do not include values for resistance to water movement within the plant,

their conservativeness actually allows for it,
Small Mammals

Hypothesis VIII. Small mammal svecies composition and biomass will be
altered by water and nitrogen stresses.

Literature Review, Barrett (1968) investigated the effects of

insecticide strese on stocked populations of three species of small
marmals within an enclosed grassliand ecosystem. Three different
responses were cbtained from the three species. The cotton rat (Sigmodon
kispidus) was directly effected by the treatment and its reproductive
rate was altered. The house mouse (Mus musculus) responded to the
decrease in competition from the cotton rat by increasing its population
density to a point of compensating for the decrease in the cotton rat.
The old-field mouse (Peromysicus polionotus) appeared to be unaffected by
the treatments.

Whitaker (1967) in a habitat study of small mammals in Indiana that
included twe species that occurred in this experiment, found definite
habitat preferences of the species studied, Mierotus ochrogaster and
Peremyscug maniculatus were found to prefer grass and weed fields with
M. ochrogaster preferring slightly heavier vegetative cover than

P. maniculatus,
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Rosenzweig (1973) conducted an experiment involving habitat modifi-
cation and fcound that two coexisting rodents respoanded markedly.
Merriam's kangaroco rat (Dipodomys merriami) and the desert pocket mouse
(Percgnathos penieillatus) showed definite habitat preferences upon
encountering the modified areas.

Discussion of Hyvothesis VIII. The responses of small mammal

populations to the stress treatments were very similar in both 1971 and
1972, There were only a few cases of large changes in the numbers of a
species caught on a particular treatment between years, In all
instances where there was a change it did not alter the species~
treatment relationship. The control, water and nitrogen treatments each
supported three species in moderate abundance and one or two more in
very low numbers. The water plus nitrogen treatment supported only two
species of srall mammals in abupdance and two species in low numbers.
Table 18 presents the small mammal density data in terms of treat-
ment effects, This data indicates that the prairie vole and the deer
mouse were associated with some effect of water and that the grasshopper
nouse and the thirteen lined groundsquirrel were associated with the
treatments not receiving additional water. Closer examination of the
table reveals that there were actually three categories. The prairie
voles were associated with the interaction of water and nitrogen alumost
exclusively while the deer mouse was found in similar proportions on both
the water and water plus nitrogen treatments. The last catecgry included
the grasshopper mouse and the thirteen lined ground squirrel, both of
which preferred the dryland situations. Neither of these latter two
species showed any preference for one of the non-watered treatments over

the other.



1%/ 1€ Vi 1 ua8013IN ON

8¢
A €z 0§ 8¢ 011 € u930a3 TN
h 12 9¢ T A 193BM ON
6 L € €1t 4 193epM
SNIVOULIWPOPPLAL  SNFDINOIUDU  a238DBOOND]  d8328DBOIYDI0 12Pa0
gnqydowaads snogfuoasg BAwoYyoAU) 8NLOTOU sflucpodiq
309334
sa1oadg Jusmiesa],

*$3109339 juswieaal Lq Z/6T PU® T/§T U OpRIOTO) uasiseoyziou uf ofafead
55B18310yS ¥ U0 B53ULWIRDI} 580138 dYI I0J SOTITSusp sayoeds Tewwew Trews °*gT ATCVLI



The prairie vole as mentioned previously is not a ncrmal component
of the upland prairies in eastern Colorado but is more characteristic
of streambanks and irrigated agriculture (Armstrong 1972). There are
two possible sources from which the present population of voles could
have dispersed. One is a permanent pound 4.8 kilometers away and the
other is a small stream approximately 1.6 kilometers away. The stream
site seems the most probable scurce since there are almost continuous
roadside ditches between the experimental pleots and the stream. The
major obstacle is a state highway on the western boundary of the
exclosure. Even so it is interesting that this species was able to
lccate this two hectare unit of favorable habitat the first year that it
existed.

The deer mouse is a widely distributed species in Colorado occurring
in habitats ranging from deserts to alpine meadows (Armstrong 1972).
This species is a common inhabitant of the shortgrass prairie and its
response to water stress may be proportional to the increase in food
supply. Grant (1972) determined from stomach analyses that 62% of deer
mouse diets were arthropods and 337 were plant parts in 1971, although he
did not find a positive correlation between deer mice densities and
arthropod densities. It may well be thar because of the ubiquitous nature
of this species that certain elements of the pepulation found the treat-
ments with heavier vegetation favorable and at least in the case of the
water treatment free from competition.

The grasshopper mouse and the thirteen lined groundsquirrel did not
alter their habitat preference under the influence of the stress treat=
ments. They were captured in larger numbers on both the control and the

nitrogen treatments than they were cn light and heavy grazed pastures in
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the same area (Grant 1972). It is likely that the fact that they have
access to the treatments with substantially more standing vegetation
than the native prairie may account for this increase. The treatments

are certainly providing a sanctuary for both arthropods and mammals.



CONCLUSIONS

Hypothesis I, concerning the influence of water and nitrogen
stress on net primary productivity, was tested statistically and, in
null hypothesis form, could not be categorically rzjected in 1972,
Total net primary productivity was significantly increased only by the
water plus nitrogen treatment. The lack of a significant change in
total net primary productivity, under the influence of water and
nitregen stresses individually, was due in part to the lack of a goed
technique for assessing changes in root weights.

Root weights were not as responsive to the effects of water and
nitrogen siresses as wave top weights. Two factors accounted for this
difference. The large amcunts of belowground organic material
(primarily dead rocts) had a buffering effect on seasonal root weight
dynamics, Although there were essentially no differences among the
treatments in belowground net primary productivity, except possibly for
the nitrogen treatment, this was deceptive in that the proportions of
live and dead roots was likely different for the various treatments.
The second probable explanation for the lack of a significant response
by the roots was that the necessity for an extensive root system is
decreased when the major factors limiting growth are freely available.

Recommendations for further testing of this hypothesis include:
increasing che number of replications of the treatments; increasing both

sample size and numbers; and development of a technique to estimate

98
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either the amount of photosynthate translocated belowground or the
seasonal dynamics of live roots and rhizomes.

Hypothesis II also proved to be testable statistically and again
could not be categorically rejected in 1972, Stresses induced by making
growing conditions more favorable did not alter the relationships among
the proportions contributed to aboveground net primary productivity by
the various species groups. However, in many cases the absolute amount
was changed. 1In contrast to this, conditions less favorable for plant
growth, created by excess mineral nitrogen, did alter primary producer
relationships and had the effect of evening out the contributions of the
various groups to net primary productivity. The explanation of this is
involved with the strategies of the different species. The dominants,
warm season grasses and shrubs, were primarily composed of species that
are opportunists., These species Liave the ability to resgpond rapidly to
favorable ccnditicons, but this also makes them vulnerable to abrupt
unfaverable conditions. Both warm season grasses and shrubs were injured
in 1971 when growth was initiated under conditions of high mineral
nitrogen and favorable soil moisture, but by June 1, soil moisture was
depleted and no major recharge occurred for the remainder of the growing
season, The subordinate species had a more conservative strategy that
prevented them from taking rapid advantage of favorable conditions, but
also protected them from unfavorazble conditions. The subordinate species
groups increased their contribution to net primary productivity following
the 1971 drought.

Hypothesis II in its present form probably does not warrant further
testing. Because of the variation in responses of the species groups to

the treatments, a more useful approach would be to state hypotheses about
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the behavior of each group and how its contribution to net primary
productivity will be altered by the treatments. Increasing the number
cf treatment replications, and sample size and number would also aid in
testing a new set of hypotheses.

Hypothesis III was the only hypothesis of the set examined in this
study that could be clearly rejected. There was a significant positive
interaction between water and nitrogen on net primary productivity in
1972. This was evidence that although water was clearly the primary
limiting factor there was a very close relationship between water and
nitrogen in determining primary productivity. As water becomes available
nitrogen rapidly limits primary productivity.

Hypothesis IV concerning factors limiting net primary productivity
was not testzble statistically and would require a much more extensive
experiment to provide testable data. A concilusion that can be drawn
about this hypothesis is that water is by far the most important factor
limiting net primary productivity of the shortgrass prairie in north-
eastern Colorado.

Hypothesis V proved to be testable statistically but far too
general to be useful, Several important species experienced large
changes in the relative contribution to total density and others showed
no apparent effects,

The major responses of the botanical composition of the treztments
to the stresses were of two types. The first response involved a
reordering of the relationships among existing species, Blue grama has
the capacity to utilize additional nitrogen when accompanied by adequate
water. Witrogen alone decreased its basal cover and water alone

increased it only slightly. Fringed cagewort has the capacity to utilize
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additional water or nitrogen or water plus nitrogen. It responded most
rapidly to water plus nitrogen and was damaged during dry periods under
the influence of nitrogen alomne.

The second kind of response was the addition of new species with
enhanced growing conditions. In only one case was a species found in
both years on the control treatment not found on one of the stress
treatments. Water and water plus nitrogen over a two year period
substantially increased the number of species coexisting on the areas.

The successional states of the primary producers were altered by
both one and two years of stress treatments. Hypothesis VI was not
testable statistically because of the indirect nature of the criteria
for assessing the successional states of the treatments. The evidence
from the diversity and dominance data combined with the species composi-
tion results indicated in all cases that the treatments were remaining
shortgrass prairie types. After two years of treatment there has been
no substantial increase in species characteristic of either the mixed
or mid grass prairies. It seems reasonable to assume that due to the
anomalous ccnditions created by the treatments (very wet soil and very
dry air) and the small area of the treatments that they will remain
sinply a magnified shortgrass prairie type.

Recommendations for further testing of this hypothesis would involve
increasing the size of the treated areas and increasing the criteria for
judging the states of the systems,

Hypothesis VII was not tested statistically because of the lack of
data for estimating potential evapotranspiration from the stress treat-
ments. Comparison of the estimates of evapotranspiration from the

watered treatments with estimates of evapotranspiration from the
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literature provided evidence that even without a statistical test this
hypothesis should be categorically rejected. There was no indication
that the species on a shortgrass prairie in northeastern Colorado had
the capacity to restrict water loss when water was freely available in
the soil. It was suggested that estimates of potential evapotranspira~
tion may be conservative enough to include the effects of plant
resistances cn transpiration.

Further testing of this and related hypotheses would require
adequate micrometerological measurement on the stress treatments to
evaluate potential evapotranspiration.

Small mammals living in and near the shortgrass prailrie vegetation
of the experimental plots not only had habitat preferences, but cne in
particular, the prairie vole, had the ability to seek out areas of
preferable hakitat over relatively long distances., The prairie vole
preferred the habitat of the water plus nitrogen treatment exclusively.
The deer mouse preferred the treatments receiving supplemental water and
the grasshopper mcuse and thirteen lined ground squirrel preferred the
conditions of the native prairie. Conclusions about Hypothesis VIII,
even though it was tested statistically, are tenuous at best and limited
by the size of the experimental areas., This hypothesis would be more
useful if stated more specifically and if the experimental areas were

squavre kilometers instead of hectares,
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TABLE 19. Aboveground standing crop (g/m2) by the species groups
in 1972 for the control treatment and aboveground net
primary productivity (ANPP) on a shortgrass prairie
in northeastern Colorado.

Apr May May Jun Jul Jul Aug Sep Oct Contribution

4 1l 19 9 5 21 14 4 9 to
ANPP

Warm
Season 40 40 47 43 39 44 41 49 31 49
Grasses
Cool
Season 7 13 11 8 14 16 10 5 3 16
Grasses
Warm
Season 1 1 2 3 3 4 4 4 4 4
Forbs
Cool
Season 1 1 3 3 12 16 9 8 5 16
Forbs
Shrubs 48 48 42 39 72 74 76 114 120 120

Total 102 105 108 101 144 146 144 178 164

Total 205
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TABLE 20. Aboveground standing crop (g/m2) by the species groups
for 1972 for the water stress treatment and above-
ground net primary productivity (ANPP) on a short-
grass prairie in northeastern Colorado.

Apr May May Jun Jul Jul Aug Sep Oct Contribution

4 1 19 9 5 21 14 4 9 to
ANPP

Warm
Season 76 94 110 127 123 131 153 176 143 176
Grasses
Cool
Season 7 12 14 15 6 16 5 22 5 22
Grasses
Warm
Season 4 7 8 15 31 21 21 39 30 39
Forbs
Cool
Season 5 5 1 6 2 18 1 ) 15 i8
Forbs
Shrubs 50 27 76 64 85 129 188 191 121 191

Total 145 147 213 228 250 318 375 436 317

Total 446
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Aboveground yield (g/m2) by the species groups for
the nitrogen stress treatments in 1972 and above-

ground net primary productivity (ANPP) on a short-
grass prairie in northeastern Colorado.

Warnm
Season
Grasses

Cool
Season
Grasses

Warm
Season
Forbs
Cool
Season
Forbs

Shrubs

Total

Apr May May Jun Jul Jul Aug Sep Oct Contribution

4 1 19 9 5 21 14 4 9 to
ANPP

37 45 37 14 29 26 34 48 39 48

10 30 52 45 30 18 16 14 8 52

2 5 7 21 16 24 18 20 30 30

2 1 10 17 54 32 18 14 9 54

67 67 34 35 29 48 62 106 97 106

121 151 144 136 162 151 152 208 187

Total 290
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TABLE 22. Aboveground standing crop (g/m2) by the species groups
for the water plus nitrogen stress treatment for 1972
and aboveground net primary productivity (ANPP) on a
shortgrass prairie in northeastern Colorado.

Apr May May Jun Jul Jul Aug Sep Oct Contribution

4 1 19 9 5 21 14 4 9 to
ANPP

Warm
Season 96 190 194 319 378 394 430 465 386 465
Grasses
Cool
Season 13 21 26 13 14 53 32 25 30 53
Grasses
Warm
Season 8 3 9 13 49 65 30 45 44 65
Forbs
Cool
Season 20 8 8 5 20 5 8 8 17 20
Forbs
Shrubs 149 129 60 128 240 250 286 558 420 558

Total 286 352 297 478 701 767 785 1101 898

Total 1161
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TABLE 23. Root weight (g/m?) for the stress treatments on a

shortgrass prairie in northeastern Colorado for

1972.

Treatment  Apr

11
Control 820
Water
Stress 984
Nitrogen
Stress 996
Water plus

Nitrogen 1048
Stress

May
4

974

1050

934

1069

May
24

797

1195

1100

1243

Jun
13

874

1096

1066

1144

Jul

872

1028

998

1132

Jul
23

844

1172

1060

1357

Aug
16

980

1390

1198

1592

Sep

1170

1306

1165

1345

Oct
11

846

939

932

1268
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TABLE 24. Scientific names, common names and four-letter codes for
species encountered for the stress treatments on a
shortgrass prairie in nertheastern Colorado in 1971 and
1972.

Code Scientific Name Common Name

AGSM  Agropyron smithii Rydb. Western wheatgrass

ALTE Allium textile Nels. + Macbr. Textile onion

ARFR  Artemisia frigida Willd. Fringed sagewort

ARLO  Aristida longiseta Steud. Red three-awn

ASMO  dstragalus mellissimus Torr. Woolly loco

ASTA  Aster tanacetifolius H.B.X. Tansy-leaf aster

BOGR  Bouteloua gracilis (H.B.K.) Lag. Blue grama

SUDA chlee dactyloides (Nutt.) Fngelm. Buffalo grass

CAHE Carex heliophila Mackenz. Sun sedge

CHLE Chewnopodium leptophylium Nutt. Narrow-leaf goosefoot

CHNA  Chrysothamnus nausecsus (Pall.) Gritt.  Rubber rabbitbrush

CIUN Cirzium undulatwm (Nutt.) Spreng. Wavy-leaf thistle

COCA Comyza canadensis (L.) Cronquist Canada horseweed

CRJA  Cryptuantha jamesii (Torr.) Payson James cryptantha

CRMI  Cryptantha minima Rydb. Cryptantha

DESO  Descurainia sophia (L.) Webb Ex Prantl. Flixweed tansymustard

ECVI  Eehinocereus vicidiflorus Engelm. Hedgehog cactus

ERBE  Erigeron bellidiastrum Nutt. Fleabane

EREF  Eriogonum effusum Nutt. Spreading wildbuck-

wheat
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TABLE 24. Continued.

Code Scientific Name Common Name

EVNU  Evolvulus nuttalianus Roem. + Schult. Nuttal evolvulus

FEOC Festuca octoflora Walt. Commen six-weeks
grass

GACO  Gaura coceirea Nutt. Ex Pursh. Scarlet gaura

GUSA  Gutierrezia sarothrae (Pursh.) Britt. Broom snakeweed

+ Rusby

HASP  Haplopappus spinulosus (Pursh.) DC. Iron-plant goldenweed

HEVI  Heterotheca villosa (Pursh.) Skinners Hairy goldenstar

KOSC  Kochia scoparia (L.) Schrad. Belvedere summer
cypress

LARE ILapula redowskii (Hornem.) Greene Bluebur stickseed

LEDE  Lepidium densiflorum Schrad. Prairie pepperweed

LEMO  Leucoerinum montanum Nutt. Common starlily

LIIN Lithospermun incisum Lehm. Yellow gromwell

LIPU Liatris punctata Hook. Dotted gayfeather

LOOR  Lomatium orientale Coult. + Rose Bisquitroot

LUPU  Lupinus pusillus Pursh. Rusty lupine

MAVI  Mamnillaria vivipara Nutt. Purple mammilaria

MILI  Mirabilis linearis (Pursh.) Heimrl. Four-o'clock

OEAL  QOenothera albicaulie Pursh. Prairie evening
primrose

OPPO  Opuntia polyacantha Haw. Plains pricklypear

ORLU  Orobanche ludovieiana Nutt. Louisiana broomrape

OXLA  Oxytrops lamberti Pursh. Lambert crazyweed
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TABLE 24. Contianued.

Code Scientific Name Common Name

PEAL  Penstemon albidus Nutt. White penstemon

PEAN  Penstemon angustifolius Nutt. Narrow-leaf penstemon

PLPU  Plantago purshii Roem. + Schult. Woolly Indianwheat

PSTE  Psorclea tenuiflora Pursh. Slimflower scurfpea

RACO  Ratibida colummaris (Sims.) D. Don. Upright prairiecone-

flower

SAKA  Salsola kali Tausch. Common Russian thistle

SIAL  Sisymbrium altissimum L. Tumbling hedge mustard

SIHY Sitanion hystrix (Nutt.) J. G. Smith Bottlebrush squirrel-

SOSE  Sophora sericea Nutt. giiiy sophora

SPCO  Sphaeralcea coccinea (Pursh.) Rydb. Scarlet globemallow

SPCR  Sporobolus cryptandrus (Torr.) A. Gray Sand dropseed

STCO  Stipa comata Trin. + Rupr. Needleandthread

TAOF  Taraxacum officinale Wiggars Common dandelion

THIR  Thelesperma trifidum (Poir.) Britt. Greenthread

TOGR  Tcwnsendia grandiflora Nutt. Townsendia

TRDU  Tragopogcn dubius Scop. Yellow salsify

TROC  Tradescantia oceidentalus (Britt.) Prairie spiderwort
Smith

YUGL  Yucea glauca Nutt. Small soapweed
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