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ABSTRACT

Residual effects of sprinkle irrigation on Mohave Desert shrub communities from 1968 through 1970 were
observed, as were initial effects of trickle irrigation performed in 1974. The sprinkle-irrigated plots showed a
residual increase in density of four species, but many others either failed to reproduce in significant numbers
or lost all gains made during the dry years following treatment. Response to trickle irrigation was similarly
species-dependent with just a few endemic species responding strongly to water. Invasion by short-lived
perennials and summer annuals was begun, but was not massive during the initial season. Above-ground
productivity, due mainly to established shrubs, varied from 52 te 560 kg/ha on dry control plots and
from 1726 to 2130 kg/ha on irrigated plots. Nitrogen requirements for above-ground growth were 1 to 7
kg/ha on dry plots and 31 to 39 kg/ha on irrigated plots. Soil nitrate levels were strongly elevated by 100
kg N/ha applied as NH,NO,. Ammonium concentrations quickly decreased to control levels on irrigated
plots, but remained high after fertilization of dry plots during the unusually dry summer of 1974, Mineral
and nitrogen contents of leaves were little affected by nitrogen fertilization or irrigation during the initial
season of treatment in contrast to effects on plants grown in a greenhouse. The primary phenological effect
of treatment was to extend the period of growth of stems and leaves of those shrubs not normally inhibited by

high seil and air temperatures.

INTRODUCTION

Our continuing program to determine the effects of
irrigation and fertilizer application on Mohave Desert shrub
communities has undergone considerable change in 1974.
Data from a final census on sprinkle-irrigated plots
deseribed last vear (Romney et al. 1974) are presented
herein as are some preliminary data from new trickle-
irrigated plots. Analytical data from previously reported
glasshouse experiments are also included.

OBJECTIVES

The general objectives of this program are to determine
responses of Mohave Desert shrubs and annuals to irrigation
and nitrogen application. A basic premise supported by
rangeland studies (Rogler and Lorenz 1957, Klipple and
Retzer 1959, Dahi 1963, Strochlein et al. 1968 and Owensby
et al, 1970) is that, since water is normally limiting, nitrogen
fertilization will be effective only when the water supply is
increased.

The specifie objectives of experiments reported herein
were to:

1. Measure permanence of changes in biomass and shrub
density when irrigation and fertilization are halted.

9.  Measure changes in soit nitrogen contents caused by a
single fertilizer application followed by irrigation.

3. Compare efficacy of sprinkle irrigation with that of
trickle irrigation,

4. Measure changes in shrub and annual biomass,

phenology, and mineral composition as affected by
irrigation and nitrogen application.

METHODS

CENSUS AND DNMENSIONAL ANALYSIS

For bath sprinkle-irrigated and trickle-irrigated plots, the
height and two widths of each shrub were recorded. From
this information, shrub volume and biomass were calculated
using a biomass-volume regression line, This technique and
the regression lines used were reported by Wallace and

Romney (1972). Such a census was performed on the
sprinkie-irrigated plots in October and November 1974 and
on the trickle-irrigated plots from February 13 to 15 and
from September 27 to October 5, 1974,

Sums and means of the changes in biomass have been
calculated only for the trickle-irrigated plots. Further
analysis of these data and those from the sprinkle-irrigated
plots is underway and wili be covered in the next progress
report.

INSTALLATION OF TRICKLE-IRRIGATED PLOTS

In early 1974, thirty 20-m?® plots were chosen near the
CETO laboratory in Mercury, Nevada, in order to utilize a
source of filtered, public water. This water is softened and
has a high sodium content, balanced by sulfate and
bicarbonate. Nitrate content is 0.4 ppm as N.

Part of the area chosen for these plots Had been disturbed
during construaction of drainage channels in 1966, thus
permitting an evaluation of treatment response on sites
undergoing natural revegetation. The disturbed site
includes six watered plots and one dry plot. The succession
vegetation on the disturbed area is somewhat different from
that on the undisturbed plots. It is predominantly Atriplex
confertifolia. This gave us the opportunity to test
transplanting procedures of several different species on these
plots in conjunction with our primary objective,

Plastic pipe was instailed to 24 of the plots. Shut-off valves
in the feeder lines were included for each group of three
plots, permitting differential watering on eight groups of
three plots. There are 12 valves on each plot, each of which
is set 1o allow a slow trickle of water on the inner 10-m? area
of the plot.

Granutar NH,NO,; was applied at the rates of 25 and 100
kg N/ha to the 20-m? area of selected plots on March 14,
1974. There was no rainfall from that date until late July,
and no irrigation water was apphlied before April 15.
Consequently, the fertilizer is presumed not to have affected
growth of winter annuals.



Water was applied to saturation on all irrigated plots
from April 15-19, May 13-20, june 16-July 7 and August
30-September 3. Between October 23 and October 26 an
estimated 0.5 + 0.8 cm were applied. This quantity was
estimated by measuring output from three valves per plot,
which averaged 35 £ 11 cm®/min. Water was allowed to
flow for 75.5 hr.

PHENOLOGY

Phenological stages of the more common perennial shrubs
were recorded from March 15, 1974, Plants were observed
weekly during the season of rapid growth and biweekly
thereafter. The data are recorded as a subjective percentage
of maximum possible flowering, fruiting, etc., rather than
as percentage of plants exhibiting a given stage.

BioMASS OF ANNUALS

The biomass of winter annuals was determined as of May
5.6 by uprooting and drying (60 C for three days) all
annuals within 16 randomly selected 0.1-m? areas on each of
four plots. The dried samples were pooled by species and
weighed. Roots were not pracessed in most cases.

Summer annuals were harvested from the whole 20.m*
arca of each plot in early September 1974, The plants were
dried and weighed and an aliquot saved for nitrogen and
mineral analysis. Salsola sced had not matured before
harvest, but was approaching maturity. Summmer annuals
adjacent to the plots were not harvested and were expected
to disperse considerable seed onto the plots.

NITROGEN AND MINERAL ANALYSIS

Plant tissue nitrogen was determined with an ammeonia
electrode following Kjeldaht digestion of 150 to 300 mg of
tissue.

Soil nitrate nitrogen was determined on 20 g of sieved soil
(< 2 mm) diluted with 40 ml of 0.01 M sodium citrate and
10 ppm sodium nitrate. The determination was done with
an Orion nitrate electrode and an Orion 801 selective ion
analyzer.

Soil ammeonium nitrogen was determined on the same soil
extract used for nitrate determination, following filtration,
with an Orion ammonium electrode.

Mineral analysis of plant tissues was performed by
emission spectrography.

Aproric Data

Precipitation was measured with a standard rain gauge
located approximately 50 m from the nearest plot and 200 m
from the furthest, The dates recorded ate, in most cases, the
day following precipitation inasmuch as the rain gauge was
read the morning after a rainfall.

In September and October, Wescor PT51-03 soil
moisture-temperature sensors were installed on a number of
plots at depths of 15, 30 and 60 cm. Water potential and soil
temperatures were measured biweekly with a Wescor
HR-33T Dewpoint Microvoltmeter.
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RESULTS

SprinkLE-IRRIGATED PLOTS

A report census of some plots that previously had been
treated with reclaimed sewage water showed that changes
inducded by supplemental sprinkler irrigation were still
apparent four years after the last application of water. In
particular, there remained a net gain in population on the
watered plots and a net loss on the dry plots (Table I;
DSCODE A3URMAOT).

Population changes depended significantly on species.
Ceratoides lanata had 2 much more rapid turnover than did
most other species, losing 12 to 36 % of its population during
the course of the study on dry plots while its population
increased on irrigated plots. Sphaeralcea ambigua lost an
even higher proportion, 55 to 93% on the dry plots, and
nearly as much, 47 to 79%, on watered plots.

The population of Acamptopappus shockleyi increased on
all plots, watered or not. Gains on dry plots ranged from 6
to 55% and on watered plots from 8 to 105%,

_ Numbers of Ambrosia dumosa increased slightly on
watered plots and decreased stightly on dry plots. This
species, especially, showed visible increases in new biomass
in response to supplemental moisture.

Other species generally showed negligible changes in
populations and, for several species, this low turnover rate is
considered to be significant. Krameria parvifolia, Ephedra
funerea, Ephedra nevadensis, Yucce schidigere and
Salazaria mexicana must have unusually long life spans if
our data are representative. Similarly, their invasion of
disturbed sites must be very slow,

[t is also apparent from Table 1 that populations of major
shrub species are not eventy distributed over the study area,
Rather than being randomly distributed, they show local
aggregations whose origing are presently unexplained. A
more detailed consideration of their distribution is presented
by Wallace and Romney (1972).

As mentioned before, the biomass changes by species on
these plots are not yet yet complete and will be reported in
the next progress report. Residual effects of nitrogen
application, if any, will presumably show up following
further analysis of the data.

Some subjective observations on these sprinkle-irrigated
plots may be considered of value. There is a well-developed
shrub clump structure, with each clump surrounded by
desert pavement. Seedlings gre ving in the interspaces and
on the edges of the clumps, though restricted in pumber and
species, seemed to have grown larger than those growing
within the clumps. Furthermore, live stems and leaves were
distributed to receive the maximum sunlight, whereas one
might expect shading to be advantageous in the desert.

Sprinkle irrigation led to the discoloration or burning of
Jeaves of some species, presumably due to salt deposited on
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Table 1. Population changes in sprinkle-irrigated plots over a §-year period, Water was
applicd o wet plotsin 1968, 1969 and 1970. Fertilizer rates were 224 kg/haN oy P, applied
in 1967 and again in 1970, Area of each plot is 730 m* (ASURMOT)

SPECIES WET CONTROL WET + N WET + 8 + P

Start Mew  Died _New Died 6 yr Stazt MHew Dbled 6 yr Start Hew —DPled & yr

1968 68-70  68-70 V1-TH 71-74 A 1968 68-74 68-74 A 1968 68-74 o8-74 A
Aca. sho. 266 100 =14 18 -50 +54 244 53 -33 +20 83 95 -8 +87
Amb. dum. 144 i8 -1 0 -4 +13 241 8 -6 +2 148 23 -2 +21
Atrs cone 20 o 0 Q -16 ~16 26 5 -12 w1 a aQ 0 0
Cactus 6 1 0 0 o +1 3 5 o + 5 1 Q Q 0
Cer. lan. 138 67 -3 15 -43 +16 ] & -6 + 2 183 73 -22 451
Col. ram. g Q ] o 1] ¢ 3 Y -2 -2 [} @ 1) [
Eph. fun. 24 9 o ¢ lu] 0 33 6 -1 + 5 6 ] 0 [
Eph. nev. 20 1 ¢ 1 -3 + 1 41 L3 -1 + 3 19 3 -1 + 2
Gro. sph- 16 5 o K} -1 + 7 11 2 -2 Q 36 30 «3 +21
Kra. pox. 9 0 Qo 4] -6 -6 86 3 ~ 1 + 2 76 3 -3 o
Lor. tri. kx] 1 -1 Q 9 0 41 [v] -2 -2 63 1 ~2 -1
Lep. fxe. 0 8 0 i9 -2 +25 12 5Q 1] +50 3] 4 o + b
Lyc. and. 53 1 0 1 -1 + 1 73 1 0 +1 55 Q -1 -1
Mac. kor, 2 & 0 9 -4 +2 22 9 [ + 9 4 15 0 +15
Han. spi. 7 0 4] 0 ¢ Q 1 0 [ 0 1 15 o 1]
Oxy. hym. 8 i -6 0 -3 « 8 21 5 -1l -6 g Q - & -4
Sal. mex. 2 4] 9 1] G 0 & ¢ 0o 0 g Q Q 0
Sphe owb. 89 54 - h 1 =121 =10 85 3 ~58 -5% 43 10 -30 -20
Ske. pavs 0 0 0 [+ 0 0 ] i+ Q ] 1] 0 0 G
Sti. ope. 2 2 0 1 -1 + 2 0 2 0 + 2 4] [ 0 + 4
Yuc. acha 5 1 0 G Q +1 8 1 Q + 1 ¥ 0 0 ¢
SPECIES IDRY CONTRCL Dry + R DRY + ¥ + P

Start Hew  Died Yew  Diecd G yr Start Hew  Died b yx Start Hew  Died 5 yr

1968 68-70 68-7¢  ¥1-74 68-70 & 1968 68-74 B8-T4 A 1968 68-74 6B-74 A

Acg. oho. Th 17 -2 4 -10 +9 27 17 -2 +15 82 25 -20 +5
Amb. dum. 102 4 -2 3 -6 -1 83 2z -2 0 66 1 -4 -3
Akr. con. a o} 0 ¢ 0 [} o 0 bl 0 0 o 1] 1]
Gactus 0 1 0 -t +2 z 4] 1] ] 2 o -1 -1
Ler. lon- 318 22 ~G +31 -82 ~38 185 &4 83 =35 27 12 ~127  -115
Lol. ¥am. 0 0 G [ 0 o] 1] Q ) Q a Q Q i
Ephi. fun. 5 ) e 2 i} +2 & 1 0 +1 [+ 3 Q +l
Eph. nev. 16 0 o 4 & + [ 2 G +2 2 1 9 +1
Gra. apl. 33 13 +1 k} -3 +312 2], 10 -2 +8 25 2 0 +2
Kra. pay. 28 1 0 1] 1} +1 25 a ~1 -1 13 0 0 ]
Lor. tris 43 3 o 0 0 +3 3z ¢ -1 3 69 0 -3 «3
Lep. fre. Z G 0 0 0 aQ ] 1 o +1 0 2 ¢ +2
Lycs and. h6 G -t O “l -2 a3 1 0 +1 29 Q ~1 -1
Hac. tor. 1] o Q 9 [¢) @ 0 [+ 0 Q Q 0 ¢ 9
Hen. spl. 1 Q Q 0 0 0 1 0 Q ) 0 ¢ 0 L1}
Ory. hym. 14 z ~5 1 -2 -4 o 1 2 +1 6 2 .2 °
Sal. mex. 10 aQ bl 0 0 0 15 ) -2 -2 2 Q 0 Lt}
Sph. amb. 47 2 -ty 1 27 -28 55 3 «33 =30 30 1} “28 -28
S5te. pau. z o 0 0 -1 «1 0 1 0 +1 Q i} ) 0
sti. spe. 36 4 0 5 «8 +1 18 3 -8 -5 -3 1 -1 0
Yuc. sch. k} 1 0 1 -2 o 3 0 -1 -1 3 a -1 -3

them and/or sunscald from being wetted during the intense
heat and sunlight of successive days of sprinkler irrigation.
This may also have killed some seedlings. Such leaves
generally were lost, but were quickly replaced due to the
added moisture, This damage is obviated by use of trickle
irrigation or furrow irrigation.

TrRicKLE-IrRIGATED PLOTS

Abiotic Environment

Rainfall on the area covered by the newly established
trickle-irrigated plots is recorded in Table 2. Soil water
potentials and temperatures are recorded in Table 3. The
spring and summer months of 1974 were quite dry so the
natural precipitation generally had little influence on the
irrigation treatments applied.

Soil-water potentials (Table 3) show the effects of early
September and October irrigations as well as the effects of
rainfall after mid-October. There was very little drying of
the soil during the winter and spring months; nearly all
moisture was stored until March. The depth of wetting from
natural precipitation did not reach down to 60 cm in control
plots, a depth which would probably remain “dry” during
most low-rainfall years. Irrigated plots were wet below the
80-cm depth after the early fall moisture applications.

Saturation extract nitrate and ammonium concentrations
were measured on a few samples taken June 11, July 30 and
QOctober 5. These samples conform to the expected increase
in nitrate concentrations caused by fertilization, but
elevated ammonium concentrations were found only on dry
plots (Table 4).



Table 2. Rainfall on trickle-irrigated plots during the
1974 and early 1975 growing season

Date Precipitation Date Precipitation
[ ™
8-3-73 5.8 10-3-74 9.9
8-5-73 Q.5 10-8-74 L.5
1G-8-73 0.5 10-28-14 9.1
16-9-73 3.8 10-29-74 2.3
11-18-73 17.0 10-30-74 1.8
11-21-73 1.8 11-1-74 1.3
12-2-13 2.3 1i-3-74 4.6
12-4-74 T
1-1-74 1442 12-5-74 17.8
1-9-74 15.5 12-29-74 7.9
1-17=74 G.8
1-21-74 5.3 1-28-75 C.3
2-19-74 0.3 2-3-75 1.0
2-28-74 0.8 2-14-75 0.5
3-3-74 0.5 2-15-75 17.5
3-8-74 1.0 3-6-75 9.4
T-21-7% 0.5 3-30-75 A9
T222+74 10.4 3-11-75 0.3
7-30-14 0.5 3:12+75 0.8
8-3-74 5.7 3-14-73 2.0
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Table 3. Soil temperatures and water potentials of
trickle-irrigated and control plots in Mercury Valley

Soll
remperatures

5011 water potentiels

Irtigated plots Contral plots wet and dryd®

Depth, cm 15 30 3 15 30 60 30
£ of peychrometerd 3 9 3 2 4 2 i3
negative bare negative bars ¢
Date: - B
OQctober 17, 1574 i 3 2 Dk BT 274 21.8
October 21, 1974 1l 6 2 6y 73 75 21.4
November 1, 1574 ¢ [ 0 7 75 273 18,7
Hovember 15, 1974 1 1] 1 [ %3 >Bl 19.3
'Hoveu:be_r 26, 1974 1 L 1 7 >51  >70 19.7
December 5, 1974 1 1] o o 41 B3 16.1
becewber 20, 1974 L ] ] 1 1 =97 13.4
January 3, 1975 3 D] 1 b 4 P85 i3.9
Janvary 17, 1975 2 1} o 2 4 286 1.z
Janwary 3t, 1975 5 i 1] 2 4 >97 10.7
Februsry 18, 1975 Q 0 o Q 2 =99 9.5
darch 3, 1975 1 0 0 2 z P9 1.2

* These values represent the limits of the measurement system, which depend
upen 304l temperature and coollug c¢ocfficlents of the psychrometers.

#*50il teémperature on wek and dry plots do mot differ significantly at P = (.05
avernges differ lesg than 1° C.

Table 4. Soil nitrogen levels as affected by irrigation and fertilizer applica-

tion {ASURMOUS)

RO,-H, ppm I, -8, ppm

Treatment June 11 July 30 Oct: 5 June 11 July 30 Oet. 5
Daye aince treatment 89 138 205 8% 138 205
Wet 100 H 113 & 44% 180 % 63 1.3 £ 0.5 0.7 & 0.l ’
Het Z5 W 24 % .05 89 & 25 46 % 19 1.0 & 0.1 0.9 % 0.3 1.3 £ 0.3
Wet O N 17 £ .06 67 & 39 0.7 £ 0.1 1.l = 0.4
Try 160 N 119 £ 40 90 % 23 146 £ 3.4 2.k % A2
Dry 23 W 42 % .08 20% 1 20%% J.4 £ 0.4 hoh £ 0.3 1.9%%
Dry OH 8 & .03 6% 1 1.0 % 0.1 1.1 & 0.4

* Exxor estimate iz standard error of mean.

*Amly one determination.

Biological Effects

Addition of supplemental water to the desert is a rather
severe change in the natural environment and plant species
differ considerably in their response, Table 5 shows some of
the population changes after the first summer of trickle
irrigation (ASURMI2). Many of the slow-growing and
tong-lived perennials were not strongly affected. Menodora
spinescens, Krameria parvifolic and Yucca schidigera,
although relatively common in the test area, did not
increase in numbers. Lycium andersonii and Ephedra
nevadensis are rare in this area so seedlings were not

For June 11, n=4; July 30 n=2; October 5 n~6.

expected. Ephedra funerea and Larrea tridentata seedlings
were moderately common after the first summer of
treatment.

Several other long-lived shrubs common in the area
increased dramaticallly in numbers. Acamptopappus shock-
leyi, Atriplex confertifolia and Ambrosia dumosa are most
conspicuous. Lepidium fremontif, occurring on nearby
distrubed areas, and Spheeralcea ambigua also increased
considerably in numbers.
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Species not common, but showing an increase which may
become  significant,  include Baileya  multiradiate,
Cryptantha virginensis and Encelia virginenesis. Erodium
cicutartum was present and flowering on one plot during
the fall census.

There are a number of grasses in the area. Stipa speciosa
and Qryzopsis hymenoides ave rare but coukd be expected to
increase in numbers. The diminutive Tridens pulchellus is
common, but unevenly distributed. A large number of
Tridens pulchellus scedlings were present on a small part of
the study plots in the fall.

We expeet to see continuing rather significant changes in
species composition as trickle irrigation is continued.

Phenology

Table 6 (ASURMO09) details phenological stages for five of
the more common shrub species. Irrigation had a strong
effect on most species; Ambrosia dumosa and Larrea
tridentata both produced new stems and leaves, Acampto-
pappus shockleyi retained its leaves all summer but did not
grow, Ephedra funerea, E. nevadensis and Lycium
andersonii appeared to go dormant in spite of the added
moijsture.

Nitrogen effects on phenology seemed limited. The most
obvious effect was the greater production of flowers and
fruit by Ambrosia dumosa plants on the high-nitrogen plots.
Other effects suggested by data in Table 6 are renewal of
leaf and stem growth by Acamptopappus shockleyi, Atriplex
confertifolic and the two Ephedra species in the early fall.
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Table 5. Popuiation change on trickle-irrigated plots
between February 19 and September 20, 1974. Area
connted was 20 m® per plot. Fertilizer rates are 100, 25 and
0 kg N/ha as NH.NQ;. There are eight plots of each watered
treatment, two of 100 N + 25 N dry, and four of O N dry
(A3UBMI2)*

Species Hatered plota Unwatered plots
nusber /100 oF nusber /100 of

100 K 25 ¥ o Jeow o 2sm_ 0K

Feb Sep Feb Jep Fed Sep Feb Sep Feb  Sep  Feb  Sep

hea. she, 85 124 46 126 54 1l 35 35 49 40 12 1z
Anb . dum 52 198 40 LAY 80 1356 60 40 A0 Q kil
Atr. con. 134 e B 336 7E 136 95 95 135 145 108 105
Baf. aoul. 0 2 L] 9 Q 2 [} 1 o [ [
Cactus 4 5 2 F 1 1 [ [ o i} 2 2
Cry. wir. ¢ 3l [ [ 1] 2 o 0 ] 9 ¢ ]
Enc. wir. 1 2 1 & 1 6 9 G o a [} [
Ephs 8pps 14 18 11 16 12 54 15 15 10 10 15 13
Kra. pat. 5 5 2 z & 6 Q ] 20 20 0 ]
Lar. tri. 14 20 15 21 12 20 20 20 10 10 15 15
Lep. fre. 29 55 2 &6 13 58 15 15 0 10 0 20
Lyc. and. 1% 10 11 i1 10 10 5 5 5 5 2 2
Hens Spl- 25 25 32 32 34 34 51 51 pU3 10 48 48
oy, hym. 1 i 0 0 0 ] 505 [ 0 2 0
Sph. aeb. 15 019 125 26 220 0 20 10 10 15 13
Ste. paus o & 1 4 Q Q a [ o 0 Q [+
5ti. spos 2 & 1 1 2 & 0 o Q 0 0 @
Tha, oon. o 1 2 2 10 1] [ 15 i5 2 2
Tris pul ook - {65y -- (51} -- o - (0) - B - ©)

* ‘three dry contvo) plots wvere selected in Qcrober. The tabuleted data sssuwes no

population change on these plets.

#%Some plants were transplanted onto plota lacking them. These fncluded 28 of 29
Lycius andersonii, 13 of 24 Ephedra ncvadensls, and 17 of 203 Acbronls ducosa.
Kative Eghedras are E. nevadensia.

*k#Tridens pulchellus wae not counted Ln Februsry.

Table 6. Comparative phenologies of selected shrubs during 1974 under four water and nitrogen treat-

ments (AJURMO9)

a. Acamptopappus shockleyi

& = § B
a = ki o o =3 L3
& 5 5 2 4 - o g 3 e 3
] & £ s T E b = i 58
% g H 8 & 8 # 3 £ [ A 28 <
: g - a a5 ; g & = ~4 ° 2
b ¢ " 3
b 8 ¢ a ¥ & o8 i¥ 55 o 2 ge . i
5 X g 2 E 1 53 a3 LS ; At i3 %
= A & £ fu & = e e w & o} 6 A
Trostment n
oy 0 H 2 n.d,® n.d, nad. Mar 15 May 2- <30 2oy 20 Moy 20 <30 Hay 28 May 2 Hay 20 gep 3
10
Det 16 ov 15
pry JOON 2 n.d. .. Bad. par 15 fpr 25~ 30-70 »ay 20 May 10 30-70 Hay 20+ Moy 1G May 20 Sep 3
tay 20
Vet 0 N 1t g n.d. Rl Mer 15 Apr B5- <30 Moy 26 pay 10 <30 May 28-  Nay 20 Moy 28 rever
Jun kb Jul
wet 100N 2 n.d. n.d. 6. uar 15 aor 25- 100 Jun 13 Hay 10 100 ey 28. Moy 28 Jul 1 never
Yay 28 Jul 1
nd. 2> oen 1 peed

h.d. meens no sbiervatlons made at that stage.

b
Another plant irensolanted in Mareh.

<
new lesves ot stems produced much of summer.



Table 6, continued

b. Ambrosia dumosa
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n One transplanted E. hevadeneis,

L]
¥ot applicable.

€ Dormenty iz diffieslt Lo deterzine by viasua)l means in Ephedra.

All others are nzturs} B. funera.

N o
& © - E
= 'g o =y
= E) K] & I 3 E) 4 %
s " B ¥ L 8 a - = - g
" ) ] b+ ~L (s LIS -
" H " B 5. o o 5 &
3 5 & £ o H | B L 3 o 3 o
u @ & “ E " 3 2 = ~§ @ +
< H £ El £ o g w a5 a ey o ar H
B ] z . H ] 5 FR w8 [ it G Lo ®
g 7 5 4 k) -4 2 2% HR o d E aE 5 Y
] K] = S & Wi B s wdl S S ad a
Treatoont n
pry oK 2 nady LY Mar 15 Apr h Moy 2- TO-100 mad. Moy 10 76100 KMay 2. May 28 May 28 Jul B9¢
Sep 17
oot 16 %t 16
Dry 100K 28 n.d. n.d. Mar 1% May 2 none o May 26 none G nene way 2B uay 28 sep 3°
sep 1
o2t 16 et 16 T
Vet ON 2 n.d. n.d. par 15%  apr b May 2-207 <10 B.d, May 10 <76 Moy 26 Jun 17 Jul t never
My 28  Jun 13 Jul 1
n.g.b n.a.b Jun 15% gul 29 Jul Bm <o B nod. <10
sep lTh n.d.b Sep 1'!b Sep 1T Sep 17 n.d. [T et 16 0 Hov B et ) oet 16
Hat 100X 2 neds nad. war 15%  apr b Moy 10- 100 n.d. uay 20 00 Kay 20 Jun 13 dun 13 never
Jun b
v v sl 16° Jw i e 160 ned. Jul B9 200 129 Dec 17 Dee 17
Sep 3
2 poth plants transplanted in March,
& Stecs and leaves produced all summar.
© Tvo plants dorment on different dates.
¢. Afriplex confertifolia
Prentment n
Dry O 2 n.d n.d. n.d. ned apr beg 100 o.d. fpr 2 100 oet Y- way 10 nay 20 never®
¥oy 10
Apr & -
Moy G4
Dry 100H 2 n.d, n.d. n.d. n.d. Apr b= 100 a.d, ApT 2% 100 Sep 17-» My 2 way # aever®
Apr 10
Apr =
Moy 20
Wet O N 2 nua nd, nod, n.d. Apr B2 100 n.d. fpr 2% 100 tep 1T~ Mov 2 My 10 rover®
May 20 vee 17
Apr U-
Jun Ug
Wet 2OOR 2 Rede n.d, ned. .. Apr h-g 100 n.d, ARy 2% 160 Gop 1e Moy 2 Maw 316G never®
Jun b pee 17
Apr h-
Jui I
et 16 Nov &
la):,j.w-: A. confertifolin nluways retain scme lenves or bracts,
d. Ephedra funerea and Ephedra nevadensis
Zreatrent B
Dry 0 M 1*  nome noe nene none netie na ¥ nexe nane n.A. none May 2 May 10 Jus 32
Dry LOON 2 Har 15 n.a. Mar 26 none nene n.a. nene none n.a. none oy 28 none never? €
Wet O W 1 Har 15 n.a. Apr 5 none none Ml none note n.a. none none noae nevert
et 16
Wet 000 i Mar 15 N, Apr 25 nooe none n.a. none nene na. none none nene never?
oot 16 Hov B
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Table 6, continued

e, Larrea tridentata -

o a
s 3
i u
EO z 2 P o w -
£ A F 50 “a b . = g S
" o g é’ B b4 g bl 5 = [ 3
| 3 8 g H H Hy § 3 g %
s, & = £ Y ~ 8w GE 3 & S8 @ "
= “ 4 4 o b -y 5w ok " - & u &
i H 2 B g 3 g5 BE ¥ H e iz B
= [ Al B ] & 2 B P & i & ¥ HE &
Treatzment E
L
pry ¢ X 1 Mar 13” uer 26 par 26 apr 7 May I0O- <tQ Moy 2B Moy 20 <IG Jut 1- Vax 2 Fay 7 never
= o o - May 20 Jul 16
Jul @i A O Aug 20 Sep 17 oet 1
cer 16 oet 16 Dee 17 pee 1V
pry 100 1 Maxr 15 Var 26 Hay 26 Wer 26 May 30 <60 May 28 May 20 <60 Jud 1- May 2 May 2 never
Hay 20 Jub 16
Jul 29 Avg 20 Sep 3 zep 3
Gt 16 fiov 2%
b
Wet 0 R ] Mar 15 Mer 26 Mar 26 war 26 ¥y 20- 160&‘? n.d, May 20 100 Jul 1= Moy 10 May 70 never
Jun 13 <30% < Jul 29
3 ey 1
Pov @ n.d. oy 25
Wek 100m 1 M 1% par 26 ¥ay 26 Hor 26 My 20- 1004 nad. May 20 <10 Jul L way 10 May 28 never
Jun b Jat g2
Mar i s et )
Hov @
Yoy 25 ¥ov 25

B perlects dAfterences besween Lhe tws piapts observed.

Annuals

Winter annuals were slightly affected by the irrigation
treatments applied two weeks prior to harvest {Table 7;
AJUBRMI10). Numbers of plants were not affected, but dry
weight per plant was almost twice as high on the watered
plots. Winter annuals on plots with added nitrogen were not
harvested as there was no apparent effect of treatment
distinguishable from moisture response.

Many winter annuals were present in low numbers. One
would expect changes in population of various species as
treatment progresses, but we do not as yet have data to
suggest which species will benefit from added moisture and
nitrogen.

1t might be expected, given the available summer
moisture, that some winter annuals would germinate and
grow. This was not evident during the fall census, There
were a pumber of grass seedlings of undetermined taxon,
and a few maturing plants of the grass Bouteloua barbata.

Summer annual productivity was almost totally
dependent upon water (Table 8; ASURMI11). Two genera,
Salsola and Eriogonum, produced nearly the total biomass.
Euphorbia micromera produced a small proportion of the
total. Two species of Salsola, S. iberica and S. peulsenii,
and their hybrids are present in this area. The Eriogonum
population consisted of E. brachypodum and E. trichopes.

The study area includes two areas with differing soil
suarfaces, separated by a man-made drainage channel,
Above this channel is a well-developed desert pavement,
long undisturbed. Below the channel the pavement has been
disrupted by graders and other traffic and is, therefore, not
as compact. Most of the Salsola, Eriogonum brachypodum,
Lepidium fremontii and Atriplex confertifolia occurred in

[Arr? produc-4 lenves and stens vhencver molsture is adeguate rad weather wars,

the disturbed area. Salsola growing in the undisturbed area
was grazed by rodents which may have affected its
distribution. Similarly, Eriogonum brachypodum pre-
dominated on the disturbed area, while above the wash only
Eriogonum trichopes was found. Euphorbia micromera was
present primarily on the undisturbed area. Finally, a few
plants of Halogeton glomeratus grew on the disturbed area.

Interestingly, two of the most important annuals are
introduced species; Selsola, common primarily along
roadsides, and Bromus rubens, dispersed over much of the
desert. B. rubens may play a significant role in nitrogen
cycling as its roots have been associated with acetylene
reduction activity (Wallace and Romney 1972). ‘

Nitrogen requirements of annuals were less than 1 kg/ha
on dry plots, but ranged from 6 to 8 kg/ha on watered plots
(Table 9).

Perennial Shrubs

Growth estimates for the above-ground portions of
perennial shrubs, calculated from dimensional measure-
ments, are given in Table 10 (A3URMI11).

One of the more interesting effects of the initial
trickle-irrigation treatments was an unexpected response
resulting in the need to abandon two of the dry, unfertilized
plots and select new ones. Earlier work of excavating shrub
root systerns had indicated that the bulk of root distribution
occurred within about 2 m of the shrub canopy. We
assumed, therefore, that a buffer zone of 3 to 4 m would be
sufficient between wet and dry plots. This was not so under
certain conditions, as indicated by the data in Table 10. Some
of the mature shrubs in these plots obviously received
supplemental moisture in comparison to adjacent dry areas.
Atriplex confertifolin and Ambrosia dumose showed easily



145

Table 7. Density and weights of annuals on watered and unwatered plots as of
May 3-6, 1974, Plots 3 and 21 were watered from April 15-20, 1974, Areasampled was
1.6 m? per plot, as sixteen 0.1 m?® quadrangles (ASURMI10)

Taxon

Bromus rubsns
Caulanthua lasiophyllus
Shaenactia carphoelina

macrantha

horiganthe brevicornu
Leoripanthe DLEViCOTMM
rigids

Cxypthantha circumseisss

novadanais

" Tecurvata

“

spp+
Dencurainia pinnate

Exiogonum brachypodumk
) trichopas®

Erodium cicutarium
Bestuca octoflora
Gilia cona

Iponopais polyeladon
Langloisis setosiasims
Linanthus demiassus

Qenothera muntil

Phacelin fremontld
! vailis-sortae

Pectocarya app.
Rafinesquie necmexicana
Sioywbrium altissiwum
Ssleols spp¥

Schismua grabicus

Strepthanchella longiroatris

Stylocling misropofdes

Tridens pulcheilus

Totala

vigginensig®

Umwatered piota

Wetered plota

Plot 7 Plot 14
#? kgiha o kgfha
dry wt dry wt
145.5  27.00 103.1 18.43
(] 0 ¢ 0
13.8 1.37 23.1 3.50
2+5 0.87 L) 4431
[+] 0 0.6 <0.06
&b 0.81 8. 0,50
18.8 1.18 8.1 1.06
16.% 2.50 94 .4 7462
34 007 16.3 0,87
3.1 0.50 0 o
0 ¢ 3.1 0.18
[ ] 1.9 0.12
3.1 0.25 o Q9
G Q o ]

1] 1} 1} 0
262.5 9.37 294 4 8.31
6.6 < 0.06 & 2
4 a 1] &
42.5 3.87 28.8 3.00

3.1 0.12 1.9 Q.06
o Q 16.0 1.81
3. ¢.12 2.5 Q.18

0 [ q 0

0 0 @ a

0 o 0.6 0.06

0.6 < 0.06 0 bl

8.6 < 0.06 ¢ 0

o bl ¢ 0

3. 0.68 o [

] 0 o 0

o [ q 0
527.3  4%.9 50643 50.07

*Other data sreincluded on Eriogonum and Saisola a5 sumser snnusla.
respectively, a short-lived perennial and a long-kived, but diminutive, pereanial.

Table 8. Above-ground dry matter production by summer annuals as alfected by
irrigation and fertilizer application. Determined in September by harvest (ASURMII)

Plot 3 Ploz 21
#/ef kg/hs el kg/he
dry wr dry wt
157.5 86.06 16.9 §.530
048 G.18 0 a
15.¢ 2,50 15. 3.75
0 o] 0. 0.37
0.6 0,06 Q
5.0 0.37 8. 0.12
21.9 6.50 26. 4.12
18.8 743 10. 2.50
1.9 Q43 0. 0.06
1.2 3.06 0 0
) ] 0 Q
4.4 Q.37 1.9 .12
2.5 0.3 3. 0.25
[ a - 1.7%
8.8 12.31 o} ]
33.1 3418 616.2 22.68
[ 1] G 1]
4.4 G.06 8.8 D06
36.2 6.06 48.5 412
o] o 11.2 0.31
1.2 Q.12 1.9 .12
8.6 0.50 bl Q.25
0 [} 5.6 16.50
3.1 0.75 0 0
] 0 o] ]
6.9 C.43 [s] Q
b .11 1.2 0.2
17.5 3,62 9 9
q 0 o Q
0.6 Q.06 Q [e]
0 [¢] 2.5 .06
366.2 13%.47 796.2 63.76

G- virgineeis and T. Eulchellun 2YC,

Specles Treatment
Wet 100 N Hat 25 K Het 0 H Dry 100 ® Try 25 # pry O H
kg/he m semk kg/on = gem kgiha = sem kg/ha % pem kg/he % som kglha & sem
Salsoia spp. 273 £ 162 250 = 93 176 a 110 01 00 G0
Eriogonum app. 165 % 53 124 & 47 82 % 47 11 Gx0 31
{Qther spp. 2x1 11 a+0 ¢czxo 0x0
Totala %50 376 259 1 1} 3

*5tandard error of mean.
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Table 9. Estimated nitrogen requirements for above-ground productivity as affected
by irrigation and nitrogen fertilization. Data are derived from values in Tables 7, 8, 10,
11 and 12, and leaf-to-stem ratios from Romney et al. (1974)

SFRCIES AREATMERT

et 100K vet 25N Wet O fi Dry 1008 Dry 5% Pry 0%

xg-n/na? kg-N/na ka-Hira kg-H/nn #a-N/ha kg~t/ha
hea. sho. 2.0 1.3 1.79 0.05 213 S N
Ko, dusm. 13.00 Yobl 13.20 0,00 -0,20 1.21
Atr, com. o1 3.78 347 -1.58 ~1.b1 387
£pt. opp. 1.37 0,03 1.23% 0,18 1,70 0,00
Kra. pov. .53 0.1l .25 -0.38 -6.06 .00
Lar. tri, 5.00 2.44 5.0 1.48 0.51 ©.30
Man. spl. 2.0 2,98 1.60 0.12 0.3 .58
ol meh, o7 0.u5 Q.27 0.0k .00 o0
QLher perennials @50 0,00 0,13 5.0k -0.18 .00
Zoediing pereantals Q.97 2.4 .52 0,32 oo 0.60
2,81 1.7 1.26 0.0 @.00 0.05

31.87 LIS31 3.35 0.00 .00 0.00

Qiher zummer annuals Gt Q.03 0.02 0.00 Q.00 0.00
Winter anausls 1,h° 1.4 3y o, b o 0.
Totsls 3090 30,95 33.06 100 h.6T 6.54¢

® Brror estimates { ©t¢ ) consistentiy appreach “U% of the tabulnted temns,

1
? rerensial pilants on the two dry control plots recelved some cubsoll molsture fron pdjecent watered plets,

titnter onnwils were harvested oaly en non-fertilized plote.

Table 10, Above-ground dry matter production by perennial shrubs as affected by
water and fertilizer application. Biomass was estimated by dimensional analysis in
Febrauary and September 1974, There are eight replicates for watered treatments and
two for unwatered treatments (ASURMI D)

. Spoolee Troatoent

Wet 100 B Vot 25 H Ret O N bry 100 K bry 25 W Dry G n*

kg/he = sem %% kg/he  aenm kg/ha  som kg/he % sem  kg/ha % aem kg/ha £ sem
Aca. sha. 104 + 56 66 % 22 96 & 62 3 %2 112 + 89 0x0
Anb. dum. 711 + 211 551 £ 170 713 £ 136 0 %1 =15 £ 3 113 £ 73
Atr. con. 520 £ )02 404 & 148 380 2 194 -193 % i4zZ -13% £ 90 374 £ 86
Ephi« Sppe 157 % 123 42 27 80 = 32 9% 7% %75 %0
Kra. par. 39 4 26 1046 2L % 14 0%0 -5 %5 0+0
Lar. txl. 283 % 48 155 £ 51 214 = 44 93 £ 04 5847 22
Hen. api. 214 £ 59 31l £ 74 173 & 77 10 % 4 31 =31 50 % 35
Sph. amb. T4 1 £ 15 13 £ 7 22 0x0 2 %2
All others 33 £ 25 [ 9 &8 22 ~12 + 12 0%0
Seedlings 65 & 26 . 196 & 172 102 + 47 22 + 20 47 % 34 21 417
Totaks 2130 1726 1855 ~52 152 562

*Ihe two dry contrel piots received pore moisture from nearby watered plots. New dry controis were selectec in
October 1974,

**Standsxd exvor of mean.
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visible growth response. The initial trickle-irrigation
applications were continued long enough to assure
saturation of the plot area, as indicated by the wetted
surface, without controlling the total amount of water
supplied. The continuing irrigations are now metered to
prevent oversaturation. Apparently there was enough
lateral movement of moisture from the early oversaturation
of irrigated plots to permit tapping of water by the roots of
mature shrubs growing on the dry, O-nitrogen plots located
3 to 4 m from the nearest outlet valve. The other dry plots
were all located 10 m or more from the nearest watered plot
so they were not affected. Three more dry, O-nitrogen
control plots have been selected for the continuing
experiment at distances sufficient to avoid this problem.

There are large standard errors in average plot biomass, a
good portion of which may be attributed to variability in
original population. A means of cireumventing this effect is
to compare percentage increase in biomass, rather than total
increase. Table 11 shows the error estimates ("sem”) are re-
duced from near 100% to somewhat less than 30% on wet
plots. Further analysis of these data will be performed this
vear.

The relatively large numbers of seedlings of perennial
shrubs had litile effect on productivity, due to their small
sizes. We expect their contribution to increase considerably
in subsequent years.

Nitrogen requirements for above-ground growth of both
annuals and perennials are estimated in Table 9. This
tabulation shows that the requirements are raised from the
low range of 1 to 10 kg-ha™?-yr~! on dry plots to 30 to 40
kg-ha“tyr on irrigated plots. In relation to these demands,
we estimated nitrate reserves on unfertilized plots ranged
from 36 to 400 kg/ha on unfertilized plots in the top 60 cm
of soil. Thus, in some watered plots we may deplete the soil
reserves in one or two years without supplemental

Plant

fertilization. Without added water we would expect reserves
to last much longer. Considering the low concentration of
ammonium-N, we fee! it would not be a major source of
nitrogen to any plant capable of using nitrate.

Mineral Analysis

Mineral analyses of the more common perennial shrubs
are detailed in Table 12. The significant changes (P < .05)
in elemental content attributable to treatment are also
included. In Ambrosia dumosae the watered plants had live
leaves with high nutrient content while leaves on the
unwatered plants were dead. The decrease in nitrogen in
stems of A. dumose and Larrea tridentata caused by
irrigation may be attributed to large demand for nitrogen
by the numerous new leaves. Similarly, the decrease in
aluminum, iron and silicon in L. ¢ridentata leaves and stems
is likely due to age of the tissue; older tissues would carry
mote dust in the resinous coating on L. tridentata.

Table 11. Percentage change in perennial above-ground
hiomass during one growing season as affected by irrigation
and nitrogen application. There are eight replicates for
watered plots, two for dry plots

PERENNTAL B810MASS

TREATMENT % increase & sem
Het 100 K 78 9
N 64 & 9
0N 87 £ 12
Dry 100 K* 23 12
25 N 5 & 12
oN =2 ¢ 3

* These tho piots chtalned moisture from adjacent
watered plota.

Table 12, Effects of nitrogen and irrigation on leaf and stem mineral contents of several Mohave Desert shrubs
tdry weight basis). Control error estimates are 1+ sem. Changes are calculated from pooled dala with smaller

errors. For changes listed, P =

.05 to .10, depending on number of sampies

Speeies/part b P 4 p Ca ¥ Ha tu o Mn 21 e 2
AREN

Ak, dun leal - condrol 1.08 £.17 S8 208 1.0 4.1 2.5 £1.7 s L0356 1.01% Tz TOO 2660 50 240 £00 200 3.0 4.5 1060 18
% chonge due to K s nis te Lg HS + 25 33 s & kS fhia] s

% change duc to 10 +1k5 +133 +1h8 b3 +lih +15h s s 15 o us 105
Arb, dum. slen - eontrol  1.38 %.11 213 201 2829 121 T £.00 070 £.05% 943 220 hl 1 230 248 T3 L0 213
% change duc to N s 15 s s it 18 b o o] ] g Hid

% chavge due to H0 -35 tis i ¥ -39 59 b u§ ts -51 lis s
tr. con. leal - control 143 £.0% 13 .05 2.3 4.2 2.8 =0 1.34.1 3400 .54 6oLy 280 193 30 £15 ot 1130 RN 70 1eh
¢ change due to H s 123 s s 1S s ¥E = s ] s

# change dus to B0 -23 15 hio) s e 51 XS XS bl i 64
Atr. con. - stem controt LBl £.05 W5 Loz 1d2a 1.9 t3 61 2,06 100 £.022 &b 190 2136 21 %7 220 iz 1.5 18 s
% change due to N = he % =19 us s =31 NS s =3 L& W
% change due 10 0 5 56 s W s s N 5 i 58 £ 5]
Toh. tpp. stem - nontrel  2.1h 253 10 £.0% 9 %.8 1.4 2.k 27 40 013 2000 10 #2350 2100 20 414 300 #2530 5 2.7 ha B
% sge dve to B ¥ 53 i3 N8 o s x8 = i a3 1% e
% change due to K0 b5 ] 5s ¥ S +205 ¥ uE 56 8 £ i
Lav. tri. leaf ~ control 1.73 2,11 .83 %.0) LIS W R 8.2 060 1,007 12 %3 L0350 £310 4% 216 1.000 230 1.3 $,5 130 213
4 change dee Lo B o] -19 i % -1% Bs 45 nE ] -31 £ i
% change due to #0 ne e [ S =32 LS L et -2 ns s
Lov. 4ri. stem - conbral  1.5% 2.0k L1206 1.3 2.3 N1 RE%T S50 %,018 ez 1.300 6050 0 6 0 2280 1.1 t.5 30832
% change due to B ne s BS S s s kS LG 3 o) IS i
% change due Lo K0 «15 XS 15 b nis s -39 bk LS 58 s ES
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Table 13, Mineral analvsis of pot-grown desert shrubs as affected by nitrogen and phosphorns
lertilization Three rephicates per treatment, The ervor estimate is two times the standard error of

the rovan tASURNMOG;

a. Alriphy caneseens

Treatment Pert 3 e wo
% 3 e
centrol teat R e el
4.6 03 433
100 1 Leat Y o ER
2.0 s 1.k
300 % eaf it gz w.h
+.0h 0w sk
100 P Leaf 51 R4 [
16 07 5 2.5
K b leaf k3 S ay PR
1.0 Rt R A s RN
Control aten .35 alte Ti prd d .
405 4,01 +r i) 253 35 1
165 8 stem = e o 2 3% LLER =2
1,67 +.45 2 AE0 a0z 1.0 )
300 K sten LB 10 i3 3 ik 2y .00 1.5
+20 +.01 + 3 s 255 g R 1.2
10 P aten L4t .13 1% 23 116 7 . &%
3 fx] + At Az A2 3
0P ater e 7] =0 4 .0 .2
3 xa +10% + b * 0 4.7
b. Artemisia fridentala
control 1aaf R 3 2.0 2.0 A6 L z e, [ 3.0 Fub
Y 411 2.6 + .2 04 ehm & 20 37 L3 +az
100 B leaf 1.0 n® 2,00 1.2 e et A a8 Ea 25 3.9
#.ih *.0 4.1 * . 2L B T P s L + .8
300 ¥ Jeaf 2.25 .27 t.3 1.2 R Y 4 &3 271 lh.s N
36 +.G1 2.2 .3 +.06  +106 3 4 *ick s + .7
100 P 1eof ST Lh1 2.6 2.0 15 s 3 5% Lep 6.0 2.9
10 +. 1k 2.3 * .2 .02+ 5% 1 + 6 ] a1k L)
00 P real LT V3 2.6 2.0 .12 ] 3 St ] 5.8 2.9
1 200 3 +.2 202 s 20 5 x5 230 1.8 4.6
Control stea .50 .18 538 i Losh B R T L S ugh 78 2,48
3 a2 101 205 w0k o+ 1 43T a3 4% 49 32 FRTL-I
1004 aten 1.hg 39 .62 22 .03 &8 T.4° 26 106 Ly 103 .3 2.6
.30 +.0% +.00, 2,02 406 +17 400 + 6 275 #7] 13 2.2 + b
300 K sten .23 .21 .62 ok 15 100 1.1 o e ur 153 7.2 2.8
.12 +.0h 4,12 .02 06 B2 4 1g 11 i T X 3.9 + .8
100 p sten 16 19 LGk .23 05 51 132 3 s 5% 54 5.6 1.1
.06 .03 .12 .02 .03 o+ 7 23k *1 +3h LR *3 +1,% + .7
360 P ston .87 a9 66 23 S04 3% 1.2 By L 57 3 13 1.5
+.0 +.02 +.03 s 03+ s710 sk a7 sk a2 +1.3 5.5
¢. Ceratnides lanata
gontrol lenf .52 a7 1.8 2.2 e a2 heg 1Y 15 &8 63 & 7.3 3.9
4,13 Fa0h 25 4+ .3 :.06 +03 + 85 25 +17 +27 +13 2.5 1.5
100 N lenf .10 .10 1.9 2.8 Lo 17 57T 12 14 146 &3 193 .5 H.0
1 0L +.1 1.3 *.08 #311 #105 + 3 a b 2153 :18 1201 L 0.9
300 W leaf 3.8 o7 #.h 1.4 R SR} el 19 121 1% 29 12.3 7.k
*e 400 2.3 1.6 4.1k 03 +8Bz 415 410 ¢ Wd 471 #9592 7.6 .7
100 § Leof .67 G .0 2.5 .65 18 W <5t a0 2] 65 h 8.6 1.2
.06 .07 4k 1.2 +o1k 02 1219 A2 415 a3k *45 1395 + .6
w00 P jeaf 60 ) 2.3 2.5 67 12 16s 13 18 £ [ 121 12,7 1.3
217 ik 2.5 1.k *:20 A0 ahT8 a7 KO B I AR e £
control stes JBa a2 1.7 i .3 .02 13 9 12 a4 52 o0 2.5 2.k
232 03 4 #.3 0 405 02 +M x5 #0826 uo 2286 39 26
100 ¥ stez  1.03 1 ES) .5 .25 02 12k 7 13 33 hey o #7 L2
.30 FO0 Ak *a +.0% 4.0 ¢ 51 31 21 1 41 19 a2
00 ¥ sten 1.66 e 2.0 7 2 01 306 13" 16 55 i F3 2.5
20 R b +.3 .07 a2 4 3B a7 LR I a2k .6
W00 P sten 98 i LT .5 L] .01 [55) ad 8 2L [ 12 1.1
+.15 05 2R r.1 e 01 2 a v *3 ne Rl 0 .3
06 sten K] .30 2.1 5 .3 W01 a6k 7 W0 71 a5 o 3.9 N
+73 +.02 + b + a2 N kIR 433 +50 21,9

® Two replicates inatend of Liree. Values too 10w to measure or aore than JOX higher Lhan the next iprgest neaguresent.
® one measurement,

© pelow the detection imit.



The significance of these and other changes in the
elemental composition of plant tissues is difficult to assess at
this early stage of project development for several reasons.
First, there was an induced carbohydrate dilution effect on
the nitrogen and mineral element composition of some
desert plant tissues which is not vet fully understood.
Second, there were differences in the physiclogical
condition of plants growing on the dry and watered plots
upon which the nitrogen treatments were superimposed.
Finally, the question arises as to whether or not the
surface-applied nitrogen fertilizer had moved down into the
dry soil sufficiently to influence plant growth. We shall
continue to periodically monitor the elemental composition
of certain plant tissues in order to gain a Dbetter
understanding of shrub response to supplemental moisture
and nitrogen fertilization.

GLASSHOUSE PoT EXPERIMENTS

Effects of fertilizer on yield and nitrogen content of
potted Ceratoides lanata, Atriplex canescens and Artemisia
tridentate  were included in our 1973 progress report
(Romney et al. 1974). In Table 13 we report the effects on
mineral composition of these plants (ASURMO6). It will be
seen that concentrations of many more elements are
significantly affected when compared to effects of fertilizer
applied in the field. This is, perhaps, due to increased
fertilizer levels as well as the necessarily unusual conditions
involved in growth of plants in & glasshouse. The induced
carbohydrate dilution effects on nitrogen and mineral
element composition were more prevalent under glasshouse
than under field conditions,

DISCUSSION

Short-term effects of irrigation and fertilization on the
plant communities of the northern Mohave Desert are
reasonably predictable. Most of the increased productivity
seen wag due to growth of well-established, large shrubs and
summier annuals. One year of summer frrigation resulted in
new productivity of from 1700 to 2100 kg/ha, a large
increase over the -50 to + 150 kg/ha on control plots. From
50 to 100 kg/ha of this increase were due to growth of new
seedlings.

A fairly large proportion of the increased productivity
was due to growth of summer annuals, 250 to 450 kg/ha.
This portion might be fairly strongly affected by timing of
irrigation. We would expect irrigation during fall and
winter to affect, primarily, growth of shrubs and winter
annuals, while late spring and midsummer irrigation should
dramatically increase yield of summer annuals, herbs and
grasses.

Long-term effects are much less predictable as we expect
a fairly large change in species distribution. Many of the
long-lived and drought-hardy species do not increase
rapidly in population, whereas the short-lived perennials
and summer annuals respond dramatically to added
moisture. Some species, notably Lycium andersonii and the
Ephedra species, appear to be temperature-dependent and
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respond to added moisture only during cooler spring and fall
months.

We anticipate an increase in grass population on the
trickle-irrigated plots like that which occurred earlier on the
sprinkle-irrigated plots. However, there is such a small
reservoir of perennial grass seed naturally available in the
trickle-irrigation area that such a population change might
take several years. The introduced annual grass, Bromus
rubens, is widespread in the area and was prevalent in the
study plots during the wet spring of 1975.

One method of predicting population changes over a
longer time span might be to study the vegetation along
readsides. These populations are obviously different from
the adjacent desert areas and seem to have a significantly
wetter environment, probably due to moistare runoff from

the roadbed.

Trickle irrigation has proved surprising in two ways.
First, it leads to a greater rate of seedling survival over a
short term, as is evident from comparisons of Table 1 and
Table 5. We tentatively attribute this effect to salt-burning
or sunscald of leaves associated with prolonged sprinkling
treatments. Second, the radius to which trickle irrigation
was effective was much greater than expected from visible
appearance of the adjacent plants. Summer annuals,
particularly Eriogonum brachypodum, grew well as much
as 2 m from the nearest outlet valve. Perennial shrubs
showed marked effects as much as 4 m from the nearest
valve, no doubt due to root distribution as much as to
capillary flow of moisture. A related observation of interest
is that we recently have found living roots of Yucea
schidigera 20 m from the nearest representative of that
species,

There remain some unanswered questions related to
irrigation. The nature of caliche is one. If a caliche layer is
thick and unbroken, it can be thought of as a lower Hmit to
the soil and root zones. This, of course, limits the amount of
water that can be applied and stored. Romney et al. (1973)
found that such layers can significantly affect vegetation.
However, the layer’s variable depth, the possibility of breaks
aflowing passage of roots and moisture, and the possibility
that it may partially dissotve under shrub clumps or under
the wetter areas in washes or depressions must zll be
considered. Projecting and evaluating the long-term
effectiveness of adding supplemental moisture to Mohave
Desert areas by irrigation are difficuit without increased
knowledge of the caliche layer.

In our study area we have placed seil psychrometers at
depths to 60 cm and have not reached a restrictive caliche
layer. The man-made wash bisecting the area shows no signs
of well-developed hardpan in its 1- to 2-m depth.

The nature of movement of water through soil may he
changed by irrigation. This is suggested by the appearance,
in October 1974, of a salt deposit on the surfaces of watered
plots which did not occur on dry plots. We feel this indicates
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capillary flow to the surface of wet plots, while on control
plots the presence of two drying fronts caused capillary flow
to be primarily downward.

Nitrogen fertilization had little effect during the first
vear’s treatment. There is some indication it affected
production of flowers and fruit in Ambrosia dumosa and
production of new leaves in Larrea tridentata (the latter
inference is drawn from the mineral analysis in Table 12).
Soil nitrate levels probably are sufficient to last for one to
twao years even considering productivity increases caused by
irrigation.

EXPECTATIONS

We expect few changes in procedure next year. More
extensive soil sampling will be done in addition to a more
sophisticated statistical analysis of acquired data. The
watered plots will be split into two groups, one watered in
winter and spring, and the other during summer. We shall
conlinue to sample leaf and stem tissues periodically for
nitrogen and mineral element analyses. Population and
productivity changes will be followed as in 1974. Seed
production wiil be more adequately estimated next year, In
addition, some gas exchange measurements will be made on
the shrubs in wet and dry plots.
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