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ABSTRACT
This report presents 1970 and 1971 data from water and nitrogen stress
experiments on the Pawnee Site. Results for aboveground herbage dynamics
for 1970 and 1971, belowground plant dynamics for 1971, species composition,
basal cover, small mammal species composition, soil water, and water budgets

are presented.



INTRODUCTION

The application of environmental stresseslf to ecological systems is
an efficient approach to the problem of studying the interrelationships of
structure and function in these systems as well as providing a statistically
designed framework for testing hypotheses concerning these stresses. Two
of the most important stresses influencing the shortgrass prairie are those
of water and nitrogen effects on fertility.

Cosper and Thomas (1961) reported significant changes in the primary
producers after application of 160 1b./acre of nitrogen and supplemental
water by means of water spreaders. Forage production was increased 63%
and some weedy species increased markedly. Klages and Ryerson (13965) found
that an application of 100 1b./acre of nitrogen and additional water
increased dry matter yield of the primary producers, but did not influence
species composition during the 3 years of treatment. Subsequently, 2 dry
years influenced residual effects of the treatments. Reduced yields were
recorded for watered plots, and fertilized plots had an increase in
undesirable species. Species composition was changed for both treatments.

To study the response of the structure and its relationship to
function in the shortgrass prairie on the Pawnee Site, an ecosystem stress
project was initiated in 1970 (Sims et al., 1971). The two environmental
stresses applied to the system were the addition of nitrogen and suppliemental
water. Four treatment combinations of the two stresses are currently being
investigated: control, suppiemental water, nitrogen, and supplemental

water and nitrogen. Fig. 1 shows the layout of the experimental area.

1/

— The term ''stress' is used in this report to connote environmental
conditions other than those that the system evolved and normally

functions under.
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The purpose of the report is to present the data that have been
collected to date on above- and belowground herbage dynamics, species

composition, and small mammal populations.

ENVIRONMENTAL STRESSES

The nitrogen stress to the system consisted of 150 kg/ha of actual
nitrogen applied in a s}nglé application. The objective of this stress
is to maintain a difference of approximately 50 kg/ha of mineral nitrogen
between the nitrogen and contro] plots. The treatment will be repeated
on a yearly basis as often as is needed to maintain the stress.

The objective of the water stress is to maintain a lower 1imit on
soil water potential of -0.80 bars throughout the growing season. $oil
water potential was monitored at a depth of 12 cm by three tensiometers
in each water-stressed plot. Tensiometers were read each morning and all

additions of water were carried out at night,

METHODS

Herbage Dynamics

Above- and belowground plant yield was sampled on all stress plots
during 1970 and 1971. The water stress, however, was not applied in the
1970 season. During 1970 samples were collected on 10 dates and on 6 dates
in 1971, The belowground data for the 1370 season have not been processed
vet.

Aboveground yield was sampled by clipping five .25-m2 quadrats in each
treatment replicate on each sample date in 1970., All species were separated

in the field, and litter was collected by raking the soil surface by hand.
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Belowground plant parts were sampled by removing soil cores from within
the clipped quadrats. The number of cores collected per gquadrat was
dependent upon the depth to which they were collected.

During the 1971 growing season aboveground yield was sampled by a
combination of harvesting and weight estimation. On each sample date 12
circular quadrats (2 m2 in area) were clipped per treatment. Nested within
each 2-m2 quadrat was a O.S-m2 quadrat. The data from the two quadrat sizes
were kept separate. All species and litter were removed from the O.S-m2
9-adrat, and forbs, shrubs, bunchgrasses, and cacti were clipped from the
2-m2 quadrat. All clipped material was separated by species in the field.
Litter was collected with an electric vacuum cleaner. In addition to
harvesting, a number of quadrats were weight-estimated on each sample date.
On the first two sample dates 24 quadrats were estimated per treatment. Of
these, 12 quadrats were to be harvested on the next sample date. Previous
to the July 13 sample date, it was determined that more estimated quadrats
were desirable; therefore, 80 permanent quadrats (0.5 m2 in area) that
were to be estimated on each harvest date were located in each treatment.

Belowground plant parts were sampled by removing soil cores from
each of the clipped quadrats. Complete sets of root samples (all quadrats
for all treatments) were collected for the June 1, July 13, and September 2
sample dates. On the remaining dates varying numbers of cores were collected,
but none constituted a full sample. Cores were washed over a 32-mesh
sieve (0.5-mm openings), oven-dried, weighed, ashed, and weighed again to
correct for any mineral material not removed by washing. Cores were taken
to a depth of 60 em, or to a point of appreciable resistance to a gasoline

engine-powered jackhammer driving a 5-cm diameter soi} tube on March 25,
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June 1, and September 2. Cores (10-em deep and 7.5-cm diameter) were taken
on the remainder of the sample dates.

Estimates of the percentage of green and brown plant material on al]
plant species were made by visual estimation of percent green, percent
this year's brown, and percent previous year's brown. These data are

reported by Dickinson (1972).

Species Composition

Phytosociclogical data were collected during the 1971 growing season
to characterize the various plots and treatments and to provide a basis
against which subsequent data can be compared to determine changes over
time. Some 500 points per plot of 1000 points per treatment were taken
for basal cover, using a 10-point frame. At the same time and position that
a set of 10 points was téken, a square quadrat (.25 m2 in area) was counted
for density and frequency. There were 50 quadrats counted per plot.
Sampling points were selected to obtain a uniform coverage for each 1-ha
plot. Basal hits were recorded for all species‘hit as well as bare ground
and litter. Density counts excluded Bouteloug gracilis, Carex heliophila,
and Vulpia cctoflora. Frequency was recorded for ali species except

Bouteloua gracilis.

Small Mammals
Small mammal sampling was begun on the treatment areas on July 29, 1971.
Three trapping periods were completed during 1971. They were July 29 to
August 3, August 25 to August 29, and October 2k to October 28. 0On each
1-ha plot a 6 x 7 grid of live traps was established, making a total of

84 traps per treatment and 336 traps for the total area (8 ha). Trapping
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and marking procedures were ldentical to those used for the routine small

mammal sampling carried out on the Pawnee Site.

Soil Water
Soil water content (% by volume) was determined at intervals throughout
the growing season by means of a neutron probe. Three samples per 1-ha plot

at a depth of 150 cm were collected.

RESULTS

Water-stressed Treatment

The water-stressed treatment was not applied during the 1970 growing
season, Addition of water was begun on May 15, 1971, and continued until
August 15 when the treatment was terminated because of inadequate water
(Table 1). Rainfall during this period was 1.73 inches, and the average
amounts of supplemental water were 16.40 inches for the water-stressed
treatment and 20.15 inches for the water-and-nitrogen stressed treatment.

Annual precipitation for 1971 was 9.30 inches.

Nitrogen-stressed Treatment

Nitrate nitrogen levels in the various treatments on October 1, 1971,
are presented in Table 2. From these data a decisijon was made to reapply
the nitrogen treatment to the water-and-nitrogen stressed plots but not

to the nitrogen-stressed plots.

Herbage Dynamics
1970. Above- and belowground yield was sampled on 10 dates during
1370. The data for be]owgréund yleld have not been analyzed to date. The

aboveground data are presented in Tables 3 through 6. These data were
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collected under circumstances that require explanation to facilitate
interpretation. - The nitrogen-stressed treatment was begun in the spring of
1970, but the water-stressed treatment was not Initiated until mid-August 1870,
and approximately 85 mm of additional water was applied from the middle of
August to mid-September. During this same period natural precipitation was
10.5 mm,

The seasonal course of total yield is shown in Fig. 2. Except for a
few extreme points, there does not appear to be a significant difference
among any of the treatments. A primary reason for this is the high variability
of two specles, Artemisia frigida and Opuntia polyacantha. Analysis of the
data with these species removed may be necessary. Yield of blue grama (Fig. 3)
was much less variable than total, and there appears to be a difference
between the treatments recelving the nitrogen and those not receiving it.

1971. Above- and belowground plant yield was sampled oh five dates
during 1971. The aboveground data is presented in Tables 7 to 14 and the
belowground data in Tables 15 to 22,

Total aboveground yield for the control treatment varied }ittle
throughout the period of measurement (Fig. 4). The water-stressed treat-

ment was more variable and reached a reak in late JulT of 2?0 j(mz, Th?

nitrogen-stressed treatment reached its peak total yield earjier than the
other treatments and remained on a plateau for a 3-week period, then
declined fairly rapidly. The water-and-nitrogen stressed treatment did
not reach its peak yield of 570 g/m2 until early September. The addition
of water and nitrogen appear to have an effect in deflecting total herbage

production away from the normal state of the system. The sys tem seems to
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Table 15. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 1 of the control treatment.

Depth June 7 - July 26 Septamber 13 December 18

(cm)

M sSD M sD M SD M SD

227.70 169.72  353.50 238.60 344,85 252.26 396.41 252.88

--—-.-—-—..-—-—..-_—-——__..._——___...—__—.-.-_-_.-..-____-__.-_.—_-_..—_-.-...-_-..-a.—__.-_-_--___

0-5 184.63 87.41 380.76 146.27 410.84 188.61 344,35 117.30
5-10 86.37 50.41 149 .87 52.63  121.81 37.60 8.28 34._94

10-20  91.68  46.34 -- -- 195.02  153.58 -- --
20-30  70.67 W1k -- .- 108.02 42.88  -- -
30-40 50.29 32.39 - -- 109.71 49.47 -- --
40-50  36.93  29.05 -- -- 88.04  47.9b - -

50-60 47.29 35.51 -- -- 72.91 45 .97 -- --
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Table 17. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 1 of the water-stressed treatment.
Depth June 7 July 26 September 13 December 18
(em) M sD M SO M SD M SD
Crowns
214.97 274.65  300.30 159.27 254 44 190.14  243.43 212.00
Roots
0-5 340.18 155.17 327.19 147.09 287.76 128.19 302.85 158.96
5-10 135.18 64.34 109.97 43.70 105.47 Ls.07 99.13 33.11
10-20  149.40 91.44 -- -~ 139.42 68.46 - --
20-30 136.88 95.20 - -- 105.47 hg 48 -- --
30-40 71.09 46.71 -- - 98.04 34.32 -- --
40-50  54.54  32.51 -- -- 69.39  42.71 -- .-
s50-60  33.42 1831  -- -- sh.92  28.97 - --
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Table 18. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 2 of the water-stressed treatment.

Depth June 7 July 26 September 13 November 29

(cm) M 5D M ) M s M SD

301.13  272.47  411.W 207.47 328.08 182.60 272.48 98.63

0-5 426.34 200.39 604.29 186.81 365.78 169.60  366.42  106.57
5-10  147.28 91.82 165.15 53.09 104.30 44,53 116.86 41.83

10-20 159.80  86.12 -- -- 109.93  44.27 -- --
20-30 73.64 33.07 -- -- 79.58 34 .44 -- --
30-40  7h.06  43.16 -- -- 100.80  60.24 -- --
ko-50  61.97  51.78 -- -- 53.90  36.48 -~ --

50-60 73.16 74.38 -- - 70.03 87.58 -- --




_32_

Table 19. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 1 of the nitrogen-stressed treatment.
Depth June 7 July 26 Septamber 13‘ December 18
(em) M SD M sD M SD M SD
Crowns
296.67 227.50  L35.37 165.56 189.29 188.02  229.94 198.81
Roots
0-5 331.48 115.31 323.04 195.76 356.31 h11.70  327.19 167.74
5-10  119.69 !+3;89 147.70 44 .94 78.52 35.82  82.3h4 32.05
10-20 154.92 82.7% - -- 125.78 4g9.96 -- --
20-30 137.73 50.63 -- -- 101 .44 48.94 -- -
30-40 88.28 36.93 -- - 80.38 36.95 -- --
40-50 71.94 36.98 -- -- 61.34 43.07 - --
50-60 59.79 47.39 - -- 69.16 73.87 -- --
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Table 21. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 1 of the water-and-nitrogen stressed
treatment.

Depth June 7 July 26 September 13 December 18

(cm) M sD M SD M ) M 5D
Crowns
259.53 237.60 389.25 291.99 296.04 246.27 338.22  198.31
Roots
0-5 355.24 194.22 472.15 216.92 413,18  296.56 420.18 187.24
5-10 118.47 72.55 160,06 51.14 157.46 Lo 5k 145.72 62,32

10-20 153,46 83.37 -- -- 184. 41 64 44 -- --

20-30 103.19  57.56 - -~ 130.30  47.73 -- -

30-40 90.61 56.01 -- -- 81.91 24,99 -- -=

40-50 53.90 41.46 -= -- 77.88 31.77 -- --

50-60 41.81 43.63 - -~ 84.59 4o.97 .= --
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Table 22. Mean yield (g/mz) and standard deviation of crowns and root mass
for 1971 for replicate 2 of the water-and-nitrogen stressed
treatment.

Depth June 7 July 26 September 13 November 29

(cm)

M SD M sD M SD M SD

306.44  345.60  295.21 218.82 372.65 346.79  468.09 238,12

0-5 521.71 211.69 511.29  359.40 508.04  485.49 418,96 168.42
5-10 181.44 93.84 189.1 63.78 99.10 39.91 151.38 68.07

10-20  204.15 85.30 -- -- 130.09 63.26 -- --
20-30 129.87 64.34 -- -- 82.13 40 .42 -- --
30-40 117.57 68.53 -- = 79.16 - 65.29. - --
4o-50 60.91 40.90 -- -~ 68.97 42.40 -- --

50-60  43.55  25.52 -~ -- 74.85  59.76 - --
60-70  66.21 -- -- -- -- -- -- --
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be relatively stable to these stresses, although the data from the water-
and-nitrogen stressed treatment indicate that this stability is dependent
upon extrinsic as well as intrinsic factors.

Individual species behavior would not necessarily be expected to agree
with the response of herbage yield, and as an example Fig. 5 shows the
seasonal response of blue grama herbage to the various stresses. Blue
grama herbage yield appears to have responded very similarly to total
herbage yield with the water-stressed and nitrogen-stressed treatments
differing somewhat from the control, and the water-and-nitrogen stressed
treatment differing greatly from all other treatments.

The belowground portions of the primary producers (Tables 15 to 22)
did not respond as dramatically during the first year of full stress treat-
ments as did the aboveground parts. The stress treatments did appear to
affect the belowground portions (Fig. 6), but with only the initial year's
data it is too early to interpret the results. One thing that may be said,
however, is that the mass of belowground parts of the primary producers
does not fluctuate as much as do the aboveground portions under water and

nitrogen stresses.

Small Mammals

Three trapping periods were completed in 1971 and the results are
presented in Tables 23 and 2L, The species of small mammals caught during
the trapping periods were Onychomys leucogaster, Peromyscus maniculatus ,
Mierotus ochrogaatef, Spermophilus tridecemlineatus, Thomomys talpoides,

and Dipodomys ordit.
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Table 23. Species and numbers of small mammals caught during 1971 by stress
treatment and replicate (does not include recaptures) .

Trapping Period

Treatment Replicate Species Total
1 2 3
Control 1 Onychomys leucogaster 4 8 5 17
Peromyscus maniculatus 2 0 0 2
Spermophilus tridecemlineatus 0 4 2 6
2 Onychomys leucogaster 10 5 3 18
Peromyscus maniculatus 7 3 4 14
Spermophiius tridecemlineatus 2 3 1 6
Water stressed 1 Onychomys leucogaster 0 0 1 1
Peromyscus maniculatus | 3 3 5 11
Spermophi lus tridecemlineatus 0 1 0 1
Thomomys talpoides 0 0 1 1
2 Microtus ochrogaster 0 0 1 1
Onychomys leucogaster 0 2 2 b
Peromyscus maniculatus 7 5 9 21
Spermophi lus tridecemlineatus 3 1 0 4
Nitrogen stressed 1 Dipodomys ordit 0 1 0 1
Onychomys leucogaster 10 8 3 21
Peromyscug mantculatus 1 0 i 2
Spermophilus tridecemlineatus 4 b 0 8
2 Onychomys leucogaster 4 6 5 15
Spermophti lus tridecemlineatus 1 2 0 3
Waz::ﬁ:g:dnitrogen 1 Microtus ochrogaster 5 18 28 51
Peromysecus maniculatus 5 0 14 19
2 Mierotus ochrogaster 2 21 22 45

Peromygeus maniculatus 10 8 20 38
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Table 24. Species and numbers of small mammals caught during 1971 b

y main
environmental stress effects (does not include recaptures) .

Trapping Period

Treatment Species Total
1 2 3

Water stressed Miarctus ochrogaster 7 39 51 97
Onychomys leucogaster 0 2 3 5

Peromyscus maniculatus 26 16 L8 89

Spermophtlus tridecemlineatus 3 2 0 5

Non-water stressed Microtus ochrogaster 0 0 0 0
Onychomys leucogaster 28 27 16 71

Peromygcus maniculatus 10 3 5 18

Spermophi lus tridecemlineatus 7 13 3 23

Nitrogen stressed Microtus ochrogaster 7 39 50 96
Onychomys leucogaster 1h 14 8 36

Peromyscus maniculatus 16 8 35 59

Spermopht lus tridecemlineatus 5 6 0 1

Non-nitrogen stressed Microtus ochrogaster 0 0 0 0
Onychomys leucogaster th 15 11 4o

Peromyscus mantculatus 19 11 18 L8

Spermophilus tridecemlineatus 5 9 3 17
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Table 24 indicates something about habitat preference as influenced
by the imposed environmental stresses on the various species of small
mammals captured. Microtus ochrogaster was entirely restricted to the
water-stressed treatments; and except for one capture in the water-stressed
treatment, all were found in the water-and-nitrogen stressed treatment.

Onychomys leucogaster was captured in all treatments, but a large
majority of them were captured in non-water stressed treatments and, of
these, the nitrogen-stressed treatment had the largest number. Feromyscus
maniculatus was also found in all treatments, but it was most numerous in
the water-stressed treatments; and more were found in the water-and-nitrogen
stressed than the water-stressed treatment. The thirteen-lined ground
squirrel (Spermophilus tnidecemlineatus) was captured in all treatments, but
was most numerous in the non-water stressed treatments and was found equally

in the nitrogen- and non-nitrogen stressed treatments.

Species Composition

Basal cover of B. gracilis ranged from 5% in one of the control plots
to 11% in a water-and-nitrogen stressed plot (Table 25). Average basal cover
by stress treatment ranged from 7.5% to 10.4%. Bare ground was the highest
in the control treatment (23.9%) and lowest in the water-and-nitrogen stressed
plots (13.7%).

The largest number of species encountered was in the water-and-nitrogen
stressed treatments (Table 26) and the fewest number were found in the
nitrogen-stressed plots. The control treatment and the water-stressed treatment
had the same number of species, although they were not identical in species

representations.
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Table 25. Basal cover (%) by stress treatment and replicate based on 500 points
per treatment replicate.

Treatment
Species Control Water-Stressed Nitrngen-Stressed Wa;ii;iggaNitrogen
1 2 M 1 2 M i 2 M 1 2 M

BOGR 5.0 10.0 7.5 10.2 9.2 9.7 8.8 10.0 9.4 9.8 11.0 10.4
BUDA - -- -- -- 0.2 0.%v -- -- —- -- 0.2 0.1
MAVI -- -- - -- -- - - 0.2 0.1 -- 0.2 0.1
oPPO - 1.0 0.5 -- 0.2 0.1 -- -- -- -- -- --
vuoc - -- -- 0.2 1.0 0.6 0.6 1.4 1.0 2.0 1.0 1.5

Bare 20.4 27.% 23.9 27.0 17.0 22.0 19.4 11.2 15.3 13.4 14.0 13.7
ground

LITR 745.6 61.2 67.9 62.6 72.4 67.5 71.2 77.2 74.2 74.8 73.6 74.2




b=

Table 26. Frequency (%) of plant species by stress treatment replicate.
Treatment Water-and-
S . Control Water-Stressed Nitrogen-Stressed Nitrogen
pecies - Stressed
1 2 1 2 1 2 —_—
1 2
Grasses
AGSM -- 2.0 -- 2.0 -- 6.0 -- -
ARLO 2.0 12.0 2.0 L.o -- - -- 12.0
BUDA 10.0 L.o 18.0 16.0 - 2.0 14.0 24,0
CAHE 58.0 50.0 56.0 Lé .0 26.0 40.0 18.0 36.0
SIHY -- 4.0 12.0 8.0 14.0 -- 12.0 16.0
SPCR 2.0 -- 6.0 2.0 - -- 6.0 14.0
STCO - 2.0 -- 2.0 -- -- -- 8.0
Vvuoc 95.0 64.0 74.0 100.0 94 .0 88.0 94.0 84.0
Forbs
ALTE -- -- -= -- -- 2.0 -- 2.0
ASMO - - -- -- -~ -- -= --
ASTA 8.0 8.0 -- 6.0 -- -- 8.0 4.0
CHLE 4.0 6.0 -- 8.0 14.0 38.0 2.0 8.0
CIUN 2.0 -- -- -- -- -- 2.0 --
COCA -= - -- -- -- -- 16.0 k.o
CRMI 16.0 14.0 -- 18.0 20.0 10.0 32.0 20.0
DESO -- -- -- 4.0 2.0 2.0 6.0 --
EVNU -- -- -- - - -- 2.0 L.0
GACO 18.0 b.o 4.0 12.0 2.0 2.0 12.0 12.0
HASP -- - 4.0 -- -- -- L.o 2.0
HEV I -- - 4.0 -- -- -- 4.0 2.0
LARE 2.0 18.0 -- 4.0 6.0 32.0 4.0 36.0
LEDE 52.0 62.0 92.0 82.0 38.0 62.0 98.0 86.0
LEMO - 4.0 -- -= -- -= -- 2.0
LiPU -- -- -- - - 4.0 -- -
LiIN -- 2.0 -- - - - -- .-
LOOR - 6.0 -- 2.0 -- -- - --
LUPU 2.0 2.0 -- L.o -- - -- --
MILI -- -- -- -- k.0 -- 4.0 --
OEAL -- 4.0 18.0 12.0 -- -- 30.0 20.0
ORLU - - 6.0 -- -- - 6.0 2.0
PEAL -- -- -- -- 2.0 - -- .o
PEAN -- -- -- - -- -- -- 2.0
PLPU 54.0 h2.0 96.0 86.0 72.0 26.0 84 .0 70.0
SAKA 2.0 16.0 24.0 6.0 16.0 24.0 -- 14.0
SIAL -- - -— - -- - 8.0 2.0
SOSE 2.0 - -- 8.0 -- 2.0 8.0 4.0
SPCO 64.0 78.0 76.0 76.0 78.0 50.0 62.0 80.0
THTR 12.0 2.0 16.0 2.0 4.0 -- L4 .0 8.0
TOGR -- -- -- 2.0 - -— -- --

e e i = R AR N R R R A T e b R e N SN e e R e S0 S s S m
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Table 26 {(continued).

Treatment
Water-and-
s . Control Water-Stressed Nitrogen-Stressed Nitrogen
pecies
Stressed
1 2 1 2 1 2
1 2
Succulents
MAVI 8.0 12.0 2.0 12.0 2.0 14.0 - 2.0
oPPO 22.0 28.0 22.0 28.0 36.0 22.0 30.0 30.0
Shrubs
ARFR 64.0 56.0 96.0 72.0 76.0 20.0 100.0 88.0
CHNA 4.0 -- -- 10.0 4.0 2.0 10.0 2.0
EREF -- 2.0 -- 4.0 - -- -- 8.0
QUSA 20.0 12.0 20.0 6.0 20.0 6.0 14.0 10.0
PSTE -- 6.0 12.0 4.0 2.0 6.0 k.0 8.0
Number
of 23 28 21 31 21 21 32 35

Species
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The most striking differences among stress treatments were expressed
in the densities (Table 27) of three species (two annuals and a perennial),
i.e., Lepidiun densiflorum, Plantago purshit, and Artemisia frigida.
Maximum density for L. densiflorum was found in the water-and-nitrogen
stressed treatments where there was an average of 75 individuals per square
meter. This is in contrast with the average of 7 individuals per square
meter found in the control plots. P. purghii reached its maximum density
in the water-stressed plots with 62 individuals per square meter compared
to 4 individuals per square meter in the control plots. A. frigida was well
represented in all stress plots. |t appears to be responding positively to
the water-and-nitrogen stress, and the average density for the treatment was

27 individuals per square meter.

Water Balance
water balance calculations for the 1971 growing seasoh were made using

the following simplified equation (Slatyer, 1967) :

E=P - AW

where E is evapotranspiration, P is precipitation or added water, and AW
is the change in water stored in the soil. Results for the various stress
treatments are presented in Tables 28, 29, 30, and 31.

water loss by evaporation and transpiration increased in the following
order: control, nitrogen stressed, water stressed, and water-and-nitrogen
stressed. The value for the water-and-nitrogen stressed plot is likely
to approach the maximum for the Pawnee Site for the period from May 15 to
approximately August 25. The differences among stress treatments is

probably attributable to a gradient in percentage ground cover.
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Table 27. Density (no./.ZSmZ) of plant species by stress treatment

replicate.

Treatment Water-and-

Speci Control Water-Stressed Nitrogen-Stressed Nitrogen

pecies Stressed

1 2 1 2 i 2
1 2
Grasses

AGSM -- 0.28 -- 0.16 -- 1.80 - --
ARLO 0.10 0.18 0.02 0.04 -- - -~ 0.04
SIHY -- 0.08 0.16 0.06 0.16 -- 0.18 .02

SPCR 0.02 - 0.14 0.18 -— - 0.16 --
STCO - 0.05 -- 0.02 - -- - 0.20

Forbs

ALTE -- -- -- - -- 0.02 0.0 0.02

ASMO - -- -- -- -- -- -- --
ASTA 0.10 0.10 -- 0.06 -- - 0.26 0.12
CHLE 0.04 0.02 - 0.18 0.32 1.04 0.02 0.22

CIUN 0.02 -- -~ -- - - 0.02 --
COCA -- - -- - -- ~= 0.40 0.04
CRM| 0.16 -- 0.0 0.14 0.28 0.12 0.50 0.34

DESO -- -- -- 0.04 0.02 0.02 0.16 --
EVNU -- -- -- -- -- ~-- 0.02 0.04
GACO 0.30 0.08 0.06 0.20 0.02 0.08 0.12 0.36
HASP -- - 0.08 -- - -- 0.04 0.02
HEVI - -- 0.08 - -— -- -- 0.02
LARE 0.02 0.40 -- 0.04 0.08 0.64 1.04 0.56

I.EDE 1.26 1.32 L.58 5,10 3.0 3.28 26.6 11.1
LEMO -- 0.04 -- -- - -- = 0.02
LIPU -- -- -- -- -- 0.10 -- -
LiIN - 0.04 -- -- -- -- -- --
LOOR - 0.08 -- 0.02 - -- - -~

LUPU 0.04 0.02 -- 0.04 -- -- -- --

MIiLI - -- -- -- 0.04 -- 0.06 --
OEAL - 0.08 0.30 0.14 - -- 0.38 0.26
ORLU -- -- 0.06 - - -- 0.06 .02
PEAL - -- -- -- 0.02 -- -- 0.04
PEAN -- - -- -- - - -- 0.02

PLPY 1.20 0.66 20.1 10.9 2.56 0.46 9.9 4.0
SAKA D.02 0.20 0.36 0.10 0.18 0.32 -- 0.30
SIAL -- -- -- -- -- -- 0.06 0.02
SOSE 0.06 -- -- 0.14 -- 0.02 -- 0.06
SPCO 1.86 3.82 2.62 2.92 2.20 2.10 1.6 4,98
THTR 0.12 0.02 0.38 0.02 0.04 -- 1.2 0.22

TOGR -- -- -- 0.02 -- ~- -- --
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Table 27 (continued).

Treatment

Water-and-

Species Control Water-Stressed Nitrogen-Stressed Nitrogen

Stressed

1 2 1 2 1 2
] 2
Sucoulents

MAV | 0 0.12 0.02 0.12 0.02 0 -— 0.02

OPPO 1.24 1 0.90 2.4 3.66 16 3.5 2.9

Shrubs

ARFR 2.1 1.26 3.26 2.3 2.04 0.40 8.3 5.42
CHNA 0.04 -- -- 0.14 0.04 0.02 0.16 0.02
EREF -- 0.02 - 0.10 -- -- - 0.08
GUSA 0.26 0.16 0.22 0.06 0.30 0.06 0.20 0.10

PSTE - 0.10 0.12 0.10 0.02 0.24 0.04 0.12
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APPENDIX I

CODE DESIGNATIONS

AGSM Agropyron emithii Western wheatgrass
ALTE Allium textile Textile onion

ARFR Artemisia frigida Fringed sagewort

ARLO Aristida lomgiseta Red three-#wn

ASMO Astragalus mollissimus Woolly loco

ASTA Aster tanacetifolius Tansy-leaf aster

BOGR Bouteloua gracilis Blue grama

BUDA Buchloe dactyloides Buffalo grass

CAHE Carex heliophila Sun sedge

CHLE Chenopodium leptophyllum Narrow-leaf goosefoot
CHNA Chrysothamnus nauseosus Rubber rabbit brush
CIUN Cirsiuwn undulatum Wavy-leaf thistle
COCA Comyza canademsis Canada horseweed

CRMI Cryptantha minima

DESO Descurainia sophia Flixweed tansy mustard
EREF Erigonism effusum Spreading wild buckwheat
EVNU Evolvulus nuttallianus Nuttall evolvulus

FEOC Festuca octoflora Common six-weeks grass
GACO Gaura coceinea Scarlet gaura

GUSA Guteriesia sarothrae Broom snakeweed

HASP Haplopappue spinulosus Iron-plant goldenweed
HEV | Heterotheca villosa Héiry golden star

LARE Lapula redowskit Blue bur stickseed
LEDE Lepidiun denstflorum Prairie pepperweed
LEMO Leucoerinum montanum Common star lily




LIIN

LIPU

LITR

LOCR

LUPY

MAVI

MiLI

OEAL

OPPO

ORLU

PEAL

PEAN

PLPU

PSTE

SAKA

SIAL

SIHY

SOSE

SPCO

SPCR

STCO

THTR

TOGR

vuoc
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Litho spermun

Liatris punctata

Lomatium orientale
Lupinus pusillus
Mammillaria vivipara
Mirabilis linecaris
Oenothera albicaulis
Opuntia polyacantha
Orobanche ludovieiana
Penstemon albidus
Penstemon angustifolius
Plantago purshii
Psoralea tenuiflora
Salsola kali
Sigymbrium altisainun
Sitanton hystrix
Sophora sericea
Sphaeraleea coceinea
Sporobolus eryptandrus
Stipa comata
Thelesperma trifidum
Townsendia grandiflora

Vulpia oetoflora

Yellow gromwell

Dotted garyfeather
Litter

Biséuitroot

Rusty lupine

Purple mammilaria
Four-o'clock

Prairie evening primrose
Plains prickly pear
Louisiana broomrape
White penstemon
Narrow-leaf penstemon
Woolly !ndian wheat
Slimflower scurf pea
Common Russian thistle
Tumbling hedge mustard
Bottlebrush squirreltail
Silky sophora

Scarlet globe mallow
Sand dropseed

Needle and thread

Townsendia

Common six-week grass
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APPENDIX II
FIELD DATA
Pawnee Aboveground_Biomass
The 1970 and 1971 aboveground herbage data for the Environmental Stress
Areas are included In Grassland Biome data sets A2UOQUB and A2UQ0CB, respectively.
They are recorded according to form NREL-01. A data form and a sample listing
of the data from 1971 follow. The 1970 data are similar, but include only

¢lipped data and are all from 0.5 m2 plots.




GRASSLAND. BIOME

U.S. INTERNATIONAL BIOLOGICAL PROGRAM

FIELD DATA SHEET - ABOVEGRQOUND BIOMASS

otwl] S Amvoomommomgwonoso
-1 Z mmrc[mm-ugbmmpmr-:um;g
4 | 41 3 miplolp |3T|Q}1 20 141 0o} < 1900({=Q
p | m| 2 DATE b:qo,icgmmgmxé—agmé
-+ g i’ommm‘*“’magpi mlo=z|llz
< _ miplstE |2 X w o 29tz |7
o s Stafnl -4 =130 4 S| 21N
m paAY| MO.] YR | S m| ™ e ml =< : L |m
V-2 13-4} 8-7 }8-9 |i0-1F|i2-13]14 {15 hE491Ri-23} 25 27 |29-30{31-32{34 | 35 36 -40 |¢ 5l47-52 134 -57 |59-64
o]
DATA TYPE —
0! Aboveground Biomass
02 Litter -
03 Belowground Biomass .
10 " Vertebrate - Live Trapping -
i1 Vertebrate - Snap Trapping
12 Vertebrgte - Coliection
20 Aviagn Filush Census -
2t Avian Road Count
22 Avian Rood Count Summary - ~
23 Awvian Collection - Internal
24 Avion Collection - External —
25 Avian Collection - Plumage
30 Invertabrate
40 Microbiology - Decomposition
41 Microbiotogy — Nitrogen
42 Microbioiogy - Biomaoss e
43 Microbioiogy - Root Decomposition
44 Microbiology - Respiration
SITE CLIP-ESTIMATE -
0! Ale | Harvested —
02 Bison 2 Horvest and Est.
03 Bridger 3 Estimoted
04 Coirenwood 4 Est. for Insect .
05 Dickinson 5 Est for Reference :
06 Hays 6 Est for Future Clip
07 Hoplanrd —
08 Jornada GROWTH FORM
09 Osage i Pearennial grass
10 Panfex
1 Pawnee 2 Annuat grass
’ 3 Sedge,rush, etc
TREATMENT 4 Annual ford
| Ungrazed 5 Buenma.i forb -
. & Perennial forb
2 Ligntly grazed 7 Half-shrub
3 Mopderately grozed
3 Heavily grazed 8 Shrub
5  Grazed 1969, g ;:e:ellqn
ungrazed 1970 s eous -
6 Grazed 1970,
ungrazed 9271
7
B
G
CATEGORY
| Live
2 Old decd
3  Recent deod B

NREL-01 NATURAL RESDURCE ECOLOSY LABORATORY - COLORADC STATE UNIVERSHT Y—

o

PHONE {303) 4915571 FORT COLLINS, GOLORADU 8
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ses FUAMPLE OF DATA ++»

1 2 3 s 5 _ ¢
123454T789012345678901 2345678901 23456TA90123456TH901234567890

0111UPC270571D1 02 22 2 ARFR 81 17R] 263.92
0111JPC270571D)1 02 22 ? nepn 1 41 1782 6.60
8111U0PC2705T1D1 82 22 2  SPCO 1 1783  0.07
9111JPC2T70871D1 02 22 2 LENF 1 1784 0.10
0111JUPC2705TID1 02 22 2 PLPU 1 178% 0.2%
0111UPC2708T1D1 02 22 2 THTR 1 1786 0.01
0l111JPC270%71D1 02 22 ? ASMO 1 1787 0.01
01110PC270571D01 02 22 2 PFAL 1 1788 0.22
0111JPC270%7101 02 22 ? nPpn 3 1 4,68
01114PC270STID1 .5 22 2 LEDE 1 1789 0.09
0111.9C270571D1 .5 22 2 oPpn ) 28 1790 4,68
0111UPC2708TID1 .S 27 2 ARFR 18 1791 45,52
0111JPC2T05T1D1 .5 27 2 oPPO 3 1 1792 2.21
0111JPC27057101 .5 27 2 Pt PU 1 1793 0.10
01114PC27087ID1 .5 22 2 FENC 2 1794 2.70
0111JPCR2T08TID1 .5 @7 2 RUDA 30 1795 23.17
0111UPC2T087101 .5 22 2 LICH 1796 Do}
0111JPC2708TIDY .8 22 2 LITR 8% 1797 106.13
811109 C27087101 .5 22 2 OFCN 1 1799 0.01
01110PC270%71D1 .5 2?2 2 L ARF 1 1800 0.01
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0111UPC27057162
0111.PC270571G2
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01114PC2T05716G2
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Pawnee Belowground Biomass

The Pawnee belowground biomass data for 1371 for the Environmental Stress
Areas were taken on data forms NREL-04, NREL-05, and NREL-06 and then converted
to the form of NREL-03. The NREL-03 form and the final data are exemplified

on the following pages. The IBP designation for this data is A2UDO0B.
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#aFXAMPLE NF DATAww
1 ? 3 4 5 f

123456TRO012345ATRGNI234[6TAONI 2486 TRON1 23456 THU01236465R TR0

311CFD13 971D1 Nal3a 8,0 0 0 0 1l 97
311CFND13 S71DY - 043A &.0 n 5 5 3. 1.24
311CEDI3 9T71D1 0434 =,0 = Pn - 3. a9
311CFD13 971D1 na3a 5,0 10 20 10 £ 1«35
311CFN13 971D1 N438 5,0 N n 10 ie « 20
J311CED13 97101 0438 S,.0 n 40 10 3. e 32
311CFDP13 971D1 Na3A 5,0 40 50 10 1. e10
3110FN13 97101 N43A 5,0 &6 &0 10 je. «17
311CFD13 971H1 N43R KR,0 ¢ 0 N le et 3
311CFN13 971D1 P43R S,.0 n s S 3. o7
A11CEDIR 97101 043R 5,0 5 10 ) 1. «18
311CFEDY13 97101 NalR 5,0 160 20 10 3. 31
311CENL3 971D1 063R 5.0 #0030 10 3. o4 0
311CEPLI3 9T71D] 43R 5.0 30 40 10 3. 49
A1I1CEDLI3 971D Na3R 5,0 afl S0 10 3. 43
311CEN]13 971N} Nel3R 5.0 N AQ In 3. obl
31ICED13 97101 Na3r 5.0 n 0 f) 1. e ”5
311CED1I3 971D1 Na3c 8,0 ) 5 5 4 55
311CFD13 971D0] ha3C S.0 5 10 5 3. T
311CED1I3 97101 he3C 5,0 18 20 1b 1, «33
311CED1I3 971D1 N&a3C 5,0 2N 30 16 3. .20
311C°FDLI3 971D fH4a3C 8,0 an  4an io 3. « 20
311CFNDYI3 97101 Ga3C 5.0 4 8N 10 i « 10
311CED13 9T71D] 0430 5,0 5N RO in 3. 15
311CFERI3 971M 043N 5,0 0 0 N 1e D7
311CFN13 971D} 04310 5.0 n 5 = e « a0
311CcFD13 971Dl nai3n 5,0 s 1n = ie P16
311C°FD13 971D1 Na3n 8.0 in 2o |RE e 6
311CED13 971D1 falIn 5.0 7 n 1o Yo sl
311CEN13 971D1 043N 5,0 N a0 10 3e e 19
A311CEN13 9T71D1 040 5,0 40 R0 10 3. «11
311CFD13 971D1 nNain 5,0 &N A0 10 K «06
311CEDI3 97101 Nala &,0 f G- 0 le « 50
311CFN13 971N nela 8,0 f o T Y 3. T
311CEN13 97101 N41A B,0 10 5 £ « PR
311CEDNI3 971D] 041A 5,0 10 20 10 3. .37
311CED13 971D1 nNala 5.0 20 30 10 . «23
311CFNI3 97101 NalA 5.0 I 40 10 3. 19
311CFPNYI3 971N] Nalta S,.n 40 50 16 3. ° « U#
311CFD13 97101 Nala 5.0 S0 58 = 1. O
311ceDl3 87101 D412 R,0 n 0 4] i .
311CFD13 97101 Ne1R 5,0 { 5 b 3. oh7
311CFN13 97101 Nalk S,0 a5 1n - 3. o 2h
311CENY3 971ND1 halR S0 10 20 10 s hZ
311CFENI3 97101 N&418 S,.0 AN 10 . e 30
311CENLE3 971N 413 S, 0 AN ab 10 i. ol
311CFN13 97101 N4el1’ .0 afl 50 1n 3. «17
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311CFN13 97101 N&alR 9,0 g &N 10 3. 09
3110FN13 97101 Nal1C 5.0 0 0 0 le la.la
311CFD13 97101 N&l1f 8,0 o 5 S 3. 1.46
311CFN13 97101 041C 5.0 5 19 “ 3. .31
311CFD1I3 97101 041C 5.0 10 20 10 3. .25
311CFN13 97101 0410 5.0 20 30 10 3. 09
311°FN13 97101 Na1C S,0 30 &40 10 e P2
311CFD13 97101 NalC S.0 4 S0 10 3. .10
311CFD13 97101 N41C 5.0 50 &0 10 3. ol
311C°FN13 971D1 NelD S,.0 0 0 n 1e .59
311CFD13 97101 nein S.0 0 5 5 3. 1.00
311CFN13 971D1 Ne1N 5,0 5 10 5 3. 16
311CFN13 971N1 Naln 5,0 in 20 10 3. 43
311CEDLII 97101 041D S.0 20 30 10 . .34
311CED13 97101 041D 5.0 20 40 10 3. 22
311CFN1I3 97101 n&1n S,0 an  80n 10 3. .18
311CFN13 97101 D&1N S,0 450 K0 10 3 o U4
311CFN13 97101 046A &.D 0 n n e 0e0D
311CFP13 97101 046A 5.0 n 5 5 3. . P
311CEN13 971D1 naka S,10 5 10 5 3. .10
311CEDI3 97101 nakA 5,0 10 20 10 3. 09
311CFD13 97101 naga 5,0 20 30 10 3. .06
311CFN13 97101 NakcA 5.0 a0 40 10 e .03
311rFR13 97101 Nans S,0 anh &0 10 3e «0R
311CFN13 97101 Na6A S,0 S0 A0 10 3. 04
311CFND13 97101 nacRrR 5.0 0 0 n le «?3
311CFD13 97101 nascR S,0 n 5 3 3. .51
311CFD13 97101 pabr 5,0 5 10 5 3. W18
311CED13 97101 046R 5,0 14 20 10 LR 1.27
311CFN13 971D1 NaGR 6,0 20 30 10 3. ola
311CFD13 97101 0468 5,0 30 40 10 3. .12
311CFD13 97101 N4kR 5.0 ah &0 10 3 .13
311CEN13 97101 N46R 5.0 en 60 10 3. 08
311FFD13 971D} Ne&C 5,0 n 0 n le A
311CFN13 97101 Naec 5,0 1 5 5 3 el
311CEN13 971D1 N46C S0 S 10 o 1. 20
311CEDN13 97101 nant B0 10 20 10 3. «”3
311CFD13 97101 nasC 5,0 20 3 1D 3. 07
311CFND13 97101 D4RC 5.0 an 40 10 R .09
311CFD13 97101 NG6C S.0 ar &0 10 3. o 06
311CFN13 97101 napt S.0 0 &0 10 3 .10
311CFP13 971D] NeaDd H.0 0 0 n 1. 9H
311CED13 97101 nagn %,0 0 5 5 e .14
311CEN13 971D1 046D 5,0 & 10 5 e 21
311CEN13 97101 naecn 8,0 10 20 10 3 PY
311CFN13 971D1 nacn S,.N 20030 19 Je o 18
311CFND13 971N1 046D 5,0 A 40 10 o, .13
311CFD13 971N DerN &,0 ad w0 10 3. .16
311CENL13 971D naknh 5,0 HH &0 LN e . 09
311CFD13 97101 0458 S,0 0 0 n | eh?
3117°FD1I3 97101 0458 5,0 fn 5 & e 1.4
311CEDYI3 97101 nasa 5,0 5 10 “ 3. 2
311CEN13 97101 NasA 5.0 10 20 10 3. e fh
311CFN1T 871Nl NeRp 5,0 #0030 1n 1, o PH
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311CFD13
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311CED13
311C°FD13
31iCcFED13
311CFN13
311CFD13
311CFN13
3110FED13
311CFN13
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311CFN13
3F1ICFD]R
311CFN13
311CFN13
311CFN1A
311CFD]13
311CFD]13
311CENY3
311CFED13
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311CFD13
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3Y11C°FD13
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311rFD13
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971D1
971D1
97101
37101
97101
97101
97101
97101
97101
97101
97101
97101

N4aS5A
N4a%A
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D4Rk
N4&SK
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N4SH
N4asnr
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044C
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Ngan
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flaan
N4an
044D
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Small Mammal Live Trapping

Small mammal live trapping data collected at the Pawnee Site were
recorded on form NREL-10. A data set number has been added in columns
69-70. These data are stored as Grassland Biome data set A2U10BB. A

sample data form and an example of the data follow.
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+++ FXAMPLE OF DATA 44+

H 2 E} & S é 7
1234567890123§5678901234§67B°01?34567!99123456789012345618901236567890]

84300 5 01 07 11

1011WFG3007TT1IF] ONLF 0

101 1WEG300TTIF] ONLF 0 1000 O 02 04 1]
1011WEG300T7161 MIOC 0 2000 3 01 05 11
1011wFGl0877161 PEMA ¢ 3000 2 01 0i 11
101 1WEGINOTT1ID2 ONLE 0O 1300 2 05 02 11
1011WEGI0OTTID2 PFma 0 18500 3 06 02 11
1011WFR30DTYID] ONLE 0 6032 0 1% 04 00230 11
1011WEG3007TID] ONLE 0 0080 9 05 07 0050 11
1011wFG3007T16] PFMA 0 nnel 2 Na 01 000} 11
1011wFG3l007716]) PEMA 0 03 04 - 11
JI01IWEGI0OTTLIF] SPRT o 0100 | 03 01 11
1011wFG300T7TT1F) ONLY 0 0200 9 : 04 08 11
101 IWFGE300TYIE] PEMA D D400 n 0?7 01 11
101 1WEG3Q0T7YID2 ONLE 0 4000 0 03 08 11
1011wWFG3007T1ID2 PEMA 0 noll1 o N4 04 11
1011wWEGI007Y7ID2 PEMA 0 no12 o Na 06 11
101 IWEGI0OOTTIG? PFuA 0 fNtls O ni 05 11
1011WFG3I00TTIE] PEMA noz21 o 0e 07 il
1011WFG300771F) PFwa onzg3 Q A 02 11
1011wWFGI10TTLIF? ONLFE O NN33 Q9 03 03 0033 11
1011wFG3107716G1 RPEMA D onnl 04 0} 11
1011WFG3107716]) MIOC o 0041 0 03 04 11
1011wWEG3I0TTIF] SPTR O 0100 0 03 01 0100 11
101 1wWFG310771F1 ONLE O 10863 0 04 03 11
1011wWFGIIOTTIFL ONME ©0 0naz2 o 04 04 11
1011wFG3I0TY1IF] ONLE 0O 0on&l3 o 04 05 11
1011wFGR10TT)IFY SPTR 0 N0as O 0% 06 11
1011wWFG310TT1IF] ONLE 0 0045 0 0« 06 1]
1011WFGILOTTIF] ONLF 0 N200 0 02 0% 0200 11
1011wFGI10771F) PEMA 0 300 3 01 o7v 11
1011wWFG3107716] PFMA nns1 2 Ny 06 Il
1011WFG3107716G] PFMa 02 02 11
1011wFG310771G2 PEMA i) NS4 O e 02 11
101 1WFE310771E2 REMA 0 N034 2 0% 05 11
101 1wFGB3)07T1E2 PEmMA @ 00635 2 06 07 11
10} 1wWEGAI0T7T1G] MINC o nos1 o0 01 0% 11
1011WFG3107716G1 PFMa 0 0083 0 Nl 01 11
1011wWFG310771F2 PEMA N nnsg o N1 03 11
1011wFG310TTID2 SPTR 0 0a 03 11
101 1WFG3I107TID2 INLE O 4020 0 06 06 11
1011wWFG3107716G2 PEMA ¢ nol11 0 03 01 0011 11
1011wWFG3107716G2 PEMA 0 0014 O 03 03 0014 i1
1011WFGI10TTIN] ONLF o nns0 o 03 06 0050 11
101 1WFG310TT71F] PEMA nngs3 9 06 02 0023 11



101 1wWFGR310771G?
1011wFGOL10RTLIF2
1011WFG0108716G1]
1011wWFGO1I08T]IF1]
1011wWFG010B8T1D1Y
1011wFGO10BT1G2
1011wFG010871G2
1011WFGO10871D1
1011wWFGO108T1EL
1011wFGO10RT16G2
1011WFGO10871G2
1011WFGO10RT162
101 1WFG01087162
1011WFGO0108T7]10D2
1011wWFGO10BT1E2
101IWEGOLI08T1F]
I1011wWFGOL0BT1F]
101 1WFGOL108T1F1
1011WEGO108T7161
1011WFGO1087161
1011wFGOL0BTIEZ
101iwFGO0108T1E2
1011IWFG010871E2
i011wFGO10871D2
1011WFG2907TT161
1011WFG290TT1F1
1011WFG29077102
1011wWFG290TT1IN]
1011wWFGO208T1F2
1011WFGR02087161
1011wWFG0P0RTIF]
1011wWFG020ATIF]
1011WFGO20B8TIFI
101 1wFGOZ08TIE2
101 1WFGOP0BTID2
1011wWFGO20871D2
1011WFGO20RT1ID2
101 1WEGO20RT1N2
101 1WFRO20BTID2
1011WFG02087162
1011WFG0208T71D1
1011 WFGO208T1E]
1011wWFG2907716]
1011WFG290TT7T1F1
1011WFG290T7102
101 1WFG2S0TT1ID2
1011wWFR290T71D2
1011WFG290T7T162
1011WFGO20RTIF2
1011WFGO20BT1F?2
1011WFGO208BT1EZ
1011%F60208716G1
1011wWEGO208T1F1]
1011WFGO208T1IF1

PFMA
ONLFE
PEMA
ONLE
PEMA
PEMA
MINC
ONLF
PFMA
PEMA
PEMA
PEMA
PEMA
ONLE
PEMA
ONLF
ONLF
SPTR
MIDC
MINC
PEMA
PEMA
PEMA
ONLF
PFMA
ONLFE
PEMA
ONLF
ONLFE
PEMA
ONLF
ONLF

. SPTR
PEMA

PEMA
PEMA
SPTR
ONLE
PEMA
MIO0C
PEMA
PEMA
PEMA
OnNLY
SPTR
ONLY
ONLY
PEMA
ONLF
ONLE
PEMA
PEMA
ONLF
ONLF

QOQQOOQGOQGDQOQQQOOOOQQQQDQOOQOOOOQOQQOOODDOOQQQDQQDOQ.
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1011wFG0208T]1G2
1011WFGO2087162
1011%WFG02087102
1011wESO208T1D2
1011wFG020871D2
1011wFG02087102
1011wEGO2087182
1011WFGO30BTIF2
1011WFE03087]1F2
1011wWF603087161
101 1wWFGO30B87161
1011WF603087161
1011WFGO308T71F]
1011wFGO30871IF1
1011wFGO30871F1
1011wFGO3I08TIF]
1011wWEGOI0BT1F]
1011wEGOIG8T1ID1
1011wFGO3OATIDR2
1011wFGO30BT1IE?
1011wFG030871682
1011wFG03087162
1011WFGO30871G2
1011wWEG0308710]
1011WEGO308710D1
1011wFG03087)62
101 1wFG030871F2
1011wFGO308T]1E2
1011wFGOI0OBTIER
1011wWFG030871E2
1011wFGO30871F1
1011WFGO308T1F]
1011WFG030871F1
1011wWEG03087161)
1011WFGO30R716G1
1011wFG03087161
1011wFGO30871D2
1011WFG0O30871D2
1011wWEG030871D2
1011wEGO308T1D2
1011WFGO30OBTIG?

1011WFGO3DART]G2 -

101 1wFGO3I0RTIG2
1011wWFG020871F1
1011wWFGO30BTIF

PFMA
PEMA
ONLE
ONLE
ONLE
ONLE
PEMA
ONLF
ONLE
PEMA
PEWMA
mIoc
SPTR
ONLFE
ONLE
SPTR
PEMA
ONLE
ONLE
Mione
PFMA
PEMA
NINC
ONLE
DNLE
PEMA
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Soil Water Transect Data

Soil water transect data were taken during the 1371 and 1972 field
seasons on Enviroﬁmental Stress Area plots. The Grassland Biome data set
number is A2U70EB. The soil water was sampled weekly during each field
season for Treatments D, E, F, and G. Two replicates of each treatment were
taken. The data were recorded on data form number NREL-53. A copy of the

data form and an example of the data follow,.
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