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ABSTRACT 

Hiis study reports the seasonal carbohydrate reserves, growth 

and development, and the influence of seasonal moisture and nitrogen 

fertilization on these measurements for three native range grasses in 

the Desert Grassland of Arizona. The species were blue grama (Boute-

loua gracilis [H.B.K.] Lag.), sprucetop grama (B. chondrosioides 

[H.B.K.] Benth.), and poverty threeawn (Aristida divaricata Humb. and 

Bonpl.). Field plots of six seasonal moisture treatments plus a check 

treatment were established in September of 1970. In July of 1971 and 

1972, 56 kg/h of nitrogen were applied to one-half of each moisture 

treatment plot. 

Detailed growth measurements were made on frozen samples, and 

total nonstructural carbohydrates were determined on dried samples col

lected at 2-week intervals during the growing season and monthly inter

vals otherwise, for all irrigation and fertilizer treatments. Total 

herbage production was determined for treatment plots in October of 

1971 and 1972. Plant basal cover and composition were determined for 

all treatments during December of 1971. 

The three species exhibited differences in seasonal growth re

sponse. Blue grama plants maintained green leaves throughout the year; 

sprucetop grama and poverty threeawn plants were in a semi-dormant 

state during the winter and spring. New shoot production by blue grama 

was primarily in the fall with the balance being produced in the early 

vi 
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summer. Both sprucetop grama and poverty threeawn new shoot production 

was primarily during the early summer with lesser amounts produced in 

the fall. Root growth by all three species was greatest during the 

summer growing season, but blue grama showed some root growth at all 

seasons. 

For all three species, carbohydrate reserves accumulated during 

August, the time of plant maturation, and again during the dry spring 

(May-June). The reserves were depleted rapidly from the spring peak 

accumulation by plant growth at the beginning of the summer growing 

season (July). Depletion of carbohydrate reserves during the fall 

(September-October) was associated with new shoot production. 

Nitrogen fertilizer resulted in significant, but small, in

creases in total herbage production for both 1971 and 1972 when com

pared to nonfertilized plots. Seasonal irrigation in combination with 

fertilization resulted in significantly increased herbage production 

compared to control plots. In 1971 the increased production resulted 

from additional moisture applied to the early spring (March-April) and 

summer (July-August) treatments, and in 1972 for irrigation in the 

fall, early spring, and summer. 

Seasonal irrigation lowered carbohydrate reserves primarily 

during the time of application and for a short time after the irriga

tion was stopped, but reserve levels for all treatments were not sig

nificantly different prior to the summer growing season. The value of 

seasonal moisture seems to be more dependent on the distribution of 
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precipitation over the year in conjunction with the seasonal moisture 

than on the amount received at any one season. 

The fall, winter, and spring drought of 1970-71 reduced total 

live basal cover by an average of 697. on the study plots, even with 

above average summer moisture. Fertilized early spring and late spring 

irrigation treatments significantly increased the total live basal 

cover compared to nonfertilized irrigation treatments. Grazing manage

ment systems for these three species must consider several critical 

growth periods. Times of beneficial rest for the plants would be: (1) 

the fall, which would benefit blue grama while it is making new shoot 

production and sprucetop grama and poverty threeawn during carbohydrate 

reserve accumulation, (2) early spring, when all three species accumu

late carbohydrate reserves, and (3) early summer, when plant leaf and 

root growth is accelerated and carbohydrate reserves are low. 



INTRODUCTION 

Successful range management involves livestock and capital 

manipulation along with good management practices to adjust to a varia

ble forage supply that results from fluctuating weather. Knowledge of the 

annual growth cycles of forage plants and how they are affected by sea

sonal precipitation and/or improvement practices is vital for making 

proper management decisions. Ihree perennial range grasses in the Des

ert Grassland were studied for morphological and physiological responses 

to nitrogen fertilization and seasonal applications of supplemental 

moisture. 

Fertilization of native rangelands with nitrogen in the south

west was shown to be a method of increasing herbage production (Dwyer 

1971, Freeman and Humphrey 1956, Holt and Wilson 1961), but the results 

were so dependent on plant vigor combined with the amount and distribu

tion of precipitation that the economic risk was too great to currently 

recommend the practice. Time of the fertilizer application (Honnas, 

Branscomb, and Humphrey 1959; and Stroehlein, Ogden, and Billy 1968) 

was important in obtaining the desired increased herbage production. 

Consequently a better knowledge of seasonal moisture influence on plant 

growth is desirable to accurately predict conditions which would justify 

fertilization as a method of consistently increasing forage yields. 

Variability of annual precipitation did not entirely account 

for seasonal herbage yield fluctuations in New Mexico (Valentine 1970). 

1 
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Lantow and Flory (1940) reported that annual precipitation in Utah 

fluctuated 20% each side of the longtime average, but forage production 

fluctuated approximately 507<> during the same time. 

In the southwest, vegetation vigor and productivity can be in

fluenced by the previous 1- to 2-year precipitation amounts (Nelson 

1934, Osborn 1950, Thomas and Young 1954). Paulsen and Ares (1962) re

ported that the basal area of black grama (Bouteloua eriopoda Torr.) 

correlated better with the precipitation of the 15-month period from 

July 1 of the previous year to September 30 of the current year than to 

either the annual or growing season precipitation. 

Moisture received in the fall previous to the current growing 

season has a positive correlation with current yield in the Northern 

Great Plains (Johnston et al. 1969; Rogler and Haas 1947), and Central 

Great Plains (Dahl 1970). Spring precipitation of the current year 

correlated closely with current year production in Montana (Stitt 1958) 

and western Kansas (Hulett and Tomanek 1968). 

Seasonal precipitation affects herbage production (Coupland 

1958), but the specific effects on the annual stages of growth and de

velopment cycle and physiology of individual plants are not well docu

mented. Detailed studies of annual growth cycles of range grasses have 

been few (Hyder and Sneva 1963b, Cable 1971, Riegel 1941, McKendrick 

1971). Other investigators have studied specific phases of growth and 

development (Olmsted 1941; Rechenthin 1956; Rice 1950; Sims, Ayuko, and 

Hyder 1971; Sims, Lang'at, and Hyder 1973; Stubbendieck and Burzlaff 

1971). 
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Carbohydrate reserves in grasses furnish the energy for growth 

and development and have been studied for many years. The data are 

well reviewed by Jameson (1963), Mcllroy (1967), Troughton (1957), Wein-

mann (1948), and White (1973). Only a few studies have combined de

tailed growth and development measurements and the carbohydrate fluc

tuation during the annual growth cycle (Hyder and Sneva 1963a, 1963b; 

McKendrick 1971). Most carbohydrate studies were conducted primarily 

during the growing season to test effects of imposed treatments such as 

clipping (Trlica and Cook 1972), fertilization (Benedict and Brown 

1944), temperature (Brown 1939), and/or water stress (Sosebee and Wiebe 

1971). 

To gain a better understanding of fluctuating herbage condi

tions as influenced by nitrogen fertilization and seasonal moisture, 

in the southwest, a study was initiated to observe annual growth and 

development patterns and carbohydrate reserve status for these two in

fluences. Fertilization treatments were with nitrogen fertilizer and 

without. Seasonal moisture influence was tested by applying irrigation 

treatments in the fall, early winter, late winter, early spring, late 

spring, and summer. Ihe plant responses measured were total nonstruc

tural carbohydrates in the roots and stem bases, number of green leaves, 

tillers, buds, new shoots, and reproductive information. The three spe

cies of grasses were blue grama (Bouteloua gracilis [[H.B.K.] Lag.), 

sprucetop grama (B_. chondrosioldes [H.B.K.] Benth.), and poverty three-

awn (Aristida divaricata Humb. and Bonpl.). The scientific names of 

species reported in this dissertation are from Kearny and Peebles (i960). 



MATERIALS AND METHODS 

The study was conducted in southern Arizona on The Research 

Ranch near Elgin, Arizona. Hie Research Ranch is within the Sonoita 

Desert Grassland Environmental Zone of the Southeastern Arizona Basin 

and Range Major Land Resource Area (Arizona Interagency Range Techni

cal Sub-Committee 1972. The elevation is 1524 m with the study site 

located on a slightly south facing alluvial fan (Figure 1). The soil 

is a Whitehouse gravelly clay loam with surface erosion (Soil Conser

vation Service 1971). 

The vegetation is predominantly perennial grasses of the Bou-

teloua and Aristida genera (Bonham 1972). The most common species are 

blue grama, sprucetop grama, and poverty threeawn. Wolftail (Lycurus 

phleoides H.B.K.) and curly mesquite (Hilaria belangeri [Steud.] Nash.) 

are also present in minor amounts. 

Average annual precipitation is approximately 35.5 cm per year 

with 60 to 707» of the total occurring as thunder storms during July, 

August, and September. The balance is received as winter moisture 

(Figure 2; Tables A-l and A-2 in Appendix A). Typically, a dry period 

prevails during April and May. Temperatures during the study period 

ranged from a low of -8 C to 38 C (Table A-3). 

Seasonal moisture effects were studied by applying water to 

plots during six 2-month periods. The six periods, each replicated six 

times were: September-October (fall), November-December (early winter), 



Figure 1. General view of the irrigation-fertilizer plot area on 
October 10, 1971, The Research Ranch, Elgin, Arizona. 



Precipitation 
Water applied to treatment 
plots by irrigation 

Average Precipitation 

Figure 2. Monthly precipitation totals and amounts of applied irrigation water, The Research 
Ranch, Elgin, Arizona, 1970-1972. <r> 
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January-February (late winter), March-April (early spring), May-June 

(late spring), July-August (summer), and a set of six check plots re

ceiving no supplemental moisture (Figure A-l, Appendix A). Plots were 

irrigated at about 2-week intervals to supplement precipitation when 

the 907o probability level of observing equal or less rainfall was not 

received. The amount given for the 907o probability level (Kangieser 

and Green 1965) minus the measured rainfall for a 2-week period was the 

amount added by sprinkler application. The amounts of irrigation water 

added to plots receiving each seasonal moisture treatment are shown in 

Figure 2; Table D-13 (Tables D-l through D-13 are in Appendix D). Ihe 

additional water was applied by hand-held sprinkler to the center 6.1 x 

6.1 m of a 9.1 x 9.1 m plot. The water was pumped from a storage tank 

by a gasoline powered pump with a capacity of 946 1 per hr . Approxi

mately 16 1 of water per min. per hr equaled 2.54 cm of moisture. 

Ihe equivalent of 56 kg of nitrogen per hectare in the form of 

ammonium nitrate was applied to one-half of each 6.1 x 6.1 m plot in 

July of 1971 and 1972. 

Whole plant samples were collected at 2-week intervals during 

the period from March 1, 1971, to October 1, 1971, and at 4-week in

tervals from October 1, 1971, to March 30, 1972. Additional samples 

were collected on July 22 and September 28, 1972. 

Ihree samples (whole plants) each of blue grama, sprucetop grama 

and poverty threeawn from each irrigation and fertilization treatment 

were transported to the laboratory and washed. One-half of each cashed 

sample was placed in a plastic bag and frozen until analyzed for 
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morphological characteristics (Appendix C). The remaining sample of 

plant material was clipped to 1.23 cm height. Tops were discarded and 

the stem bases and roots were combined as a sample and dried in a 

forced-air oven at 100 C for 1 hr and 70 C for 24 hr (Smith 1973). 

The dried samples were ground in a Wiley mill (40 mesh screen), then 

stored in sealed glass bottles in the dark until analyzed for total 

nonstructural carbohydrates (TNC) (Smith 1969). 

The TNC present in the root and stem base samples were deter

mined by the takadiastase digestion and extraction method used by Smith 

(1969), and the sugars were determined using the anthrone procedure de

scribed by G. L. Jordan (Department of Watershed Management, The Uni

versity of Arizona, personal communication) (see Appendix B). 

Morphological characteristics for the three species were deter

mined on individual shoots (Appendix C). Shoot measurements were re

stricted to shoots that originated on the base of a seed culm from the 

previous year. Measurements included root growth and numbers of total 

leaves, green leaves, buds, tillers, new shoots, and reproductive in

formation (Appendix C). 

In mid-October of 1971 and 1972, all plots were sampled for an

nual herbage production with a rotary mower set at a height of 3.5 cm. 

Cover data were recorded with a ten-point frame read 25 times per plot 

during December of 1971. 

The statistical design was a randomized block split-split plot, 

with fertilization and the three species being the splits on the seven 

irrigation treatments (Cochran and Cox 1957). 



RESULTS AND DISCUSSION 

Irrigation treatments were initiated in September, 1970, but 

the plant sample collections were not begun until March of 1971. The 

discussion of the 1970-71 seasonal growth cycle begins with the initia

tion of plant sampling on March 15, 1971. The data of Table D-13 il

lustrate that the seasonal growth and development of blue grama as 

influenced by irrigation treatments were varied and subtle. In order 

to interpret these data a discussion of the plant measurements averaged 

across irrigation treatments is presented. 

Blue Grama 

Seasonal Growth and TNC Relationships 

Precipitation prior to initiation of sampling is important for 

the interpretation of the data for blue grama. Moisture conditions in 

a previous year to the current year response have been shown to influ

ence southwestern ranges in other studies (Nelson 1934, Lister and Schu

macher 1937, Paulsen and Ares 1962). The 1970 summer growing season 

was above the longtime average (Appendix A). September precipitation 

was also above average, but the remaining fall, winter, and spring 

periods of 1970-71 were 637o below normal (Figure 2). 

At the initiation of my sampling in the early spring period of 

1971, blue grama had the fewest green leaves of any sampling date dur

ing the study period (Figure 3). Blue grama shoots had approximately 

9 
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Ranch, Elgin, Arizona, 1971-1972. 



two green leaves during the early and late spring periods. At this 

time prior to the summer growing season, these two green leaves were 

efficient in photosynthesis, as the TNC reserves accumulated to the 

highest level sampled. This accumulation of TNC was assqciated with a 

period of limited shoot and root growth (Figure 3). Reserve accumula

tion has been shown with temperatures favorable for photosynthesis, but 

below temperatures for optimum foliage growth by Troughton (1957) and 

Youngner (1972). Water stress also results in TNC accumulation by 

translocation from the leaves to root and stem bases (Sosebee and Wiebe 

1971). 

Despite the very dry conditions numbers of new shoots increased 

slightly at each samo1c date during the early and late spring periods 

from tillers associated with each previous year's seed culm (Table 

D-l). Tiller and bud growth has also been noted in blue grama during 

the spring by Stubbendieck and Burzlaff (1970) in Nebraska. 

The rapid drop of TNC reserves at the onset of the 1971 summer 

rainy season can' be attributed to mobilization of carbohydrates for 

growth. This result agrees with Soper and Mitchell (1956), Troughton 

(1957), Hyder and Sneva (1963a), Donart (1969), and Youngner (1972). 

There was a shift of tiller classes into new shoots at this time (Fig

ure 3), and green leaves increased in size (Table D-l) and number 

(Figure 3). The summer was the time of maximum growth for blue grama. 

Carbohydrate storage did not occur during this time. Balasko and Smith 

(1973) attribute the lack of accumulation of carbohydrate reserves dur

ing rapid growth to carbohydrate use as structural components. 
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With the August sample, a current year seed culm is present. 

This seed culm is used as a new reference point and subsequent data are 

from this new reference. The TNC reserves remained low in August. Blue 

grama plants were in the process of stem elongation for inflorescence 

production on the reference culm and tiller formation was taking place. 

No new shoots were associated with the new seed culm in the August sam

ple. The life cycle of a shoot begins with a tiller producing an ad

ventitious root. Very active root growth on older shoots and a high 

number of green leaves were noted during this August period. 

In September, green leaves were at maximum size and precipita

tion was above normal which resulted in TNC reserve accumulation. New 

shoot and tiller production was evident, but the reserves still accumu

lated from August to September. September to October was a time of 

major new shoot production under the adequate moisture and temperature 

conditions. Associated with the new shoot production in the fall was a 

corresponding drop in the TNC level. The great number of developing 

shoots and moderate level of new root growth (Figure 3) account for the 

depletion of TNC in stem bases and roots of blue grama in the current 

study. The depletion of the TNC is not the result of seed production 

(Hyder and Sneva 1959; Eastin, Teel, and Langston 1964), as seed pro

duction had occurred previous to this time. Trlica and Cook (1972) 

lowered TNC levels by forcing plant growth in the fall by application 

of water to the plants. 

The early winter period of 1971 was a time of above average 

precipitation with the majority of it received as snow in December 



(Figure 2; Table A-2). At the January, 1972, sample date, there were 

less shoots per reference point than when sampled in October, 1971 (Fig

ure 3). Thi8 probably is a result of cold temperatures and the strict 

definition of a new shoot. Desiccation of a small root on the new shoot 

due to below freezing temperatures or other circumstances resulted in 

the reclassification of a shoot as a tiller. 

The number of green leaves per sampling unit remained between 

three and four during the winter period. Temperatures evidently were 

low enough to slow root growth, but did not kill the leaves. Tempera

tures during the first week of January, 1972, averaged between -1 C to 

13 C (Table A-3). 

Between January and March, 1972, there was good subsoil mois

ture from the early winter precipitation (Figure 2). Green leaf num

bers had increased to an average of five in March compared with three 

to four during the winter period. With the five green leaves per 

shoot, TNC reserve levels accumulated slightly compared to the winter 

level (Figure 3), but were lower than levels of March, 1971. This was 

due to the greater root and shoot growth in March, 1972, compared to 

growth in March, 1971. 

Samples were not taken between March and July of 1972. Pre

cipitation was so low that little noticeable growth by the plants oc

curred after the 4-month-period of no moisture during the late Winter 

and early spring. 

The July 1972 samples showed active root growth and a reduction 

in green leaves as compared to the March 1972 sample. There was a shift 



14 

in tillers to new shoots. The fall and beginning of summer are the 

seasonal times for major new shoot development in blue grama. The INC 

reserve level in July of 1972 was not as low as the July 1971 sample. 

In 1972 the INC level had not reached its summer low, as the sample was 

taken at the beginning of the summer season when little precipitation 

for growth had occurred. The 1972 growing season precipitation was 

below average (Figure 2). 

Growth stage of the fall, 1972, samples were comparable to the 

samples of the previous fall. New shoot production was just beginning 

for the next growing season. Carbohydrate reserve accumulation was 

evident, but root growth was much less than for the previous year (Fig

ure 3) and reflects the dry summer (Figure 2). The combined total of 

buds, tillers, and shoots per reproductive culm does not vary signifi

cantly during the year.(Table D-l). The plant potential is a product 

of genetics and whether the buds, tillers, or shoots develop is de

pendent on the environmental condition (Mitchell 1953). 

Effects of Fertilization on 
Seasonal Growth and TNC 

The application of 56 kg/h of nitrogen in July 1971 did not 

result in significant differences in the combined total of buds, til

lers, and shoots per culm except during the August 1971 sample when 

the fertilized plants had a higher total when compared to unfertilized 

plants (Tables D-l, D-2). Fertilization tended to lower TNC levels 

18.5 mg/g dry weight compared to 29.5 mg/g dry weight for the control 

plants in the July 28, 1971 sample. The TNC reserves were utilized by 



earlier growth of the plants that was stimulated by the nitrogen appli

cation. This earlier growth by fertilized plants can be concluded from 

the fact that fertilized plants had significantly more (4.3) green 

leaves than the unfertilized plants (3.4 green leaves) at the August 

16, 1971 sample date. Growth and maximum herbage production was in

creased by two weeks from nitrogen fertilization to blue grama in New 

Mexico (Banner 1969). Johnsen (1954) also noted a green up of the 

range one week earlier in southern Arizona due to nitrogen fertiliza

tion. 

The number of green leaves remained greater on shoots from fer

tilized plots compared to those from unfertilized, but not significantly 

different during the fall and winter. For the early spring and summer 

samples of 1972, the fertilized plants had fewer green leaves than un

fertilized plants. The fertilized plants had 2.8 green leaves as com

pared to 3.5 green leaves for unfertilized plants at the July 1972 

sample date (Tables D-l, D-2). Evidently the shoots which had remained 

green during the winter due to fertilization were not as responsive for 

green leaf growth due to the winter moisture as were shoots which did 

not maintain as many green leaves during the winter. 

New shoot production of fertilized and unfertilized blue grama 

showed no significant differences except during January and September 

of 1972. The fertilized plants had significantly more shoots (1.6 

shoots) in January, 1972, when compared to the 1.1 shoots per seed culm 

for control plants. Since there was a general loss of shoots between 

October and January, the plant vigor may have been higher for the 



fertilized plants compared to nonfertilized plants, and the new shoots 

of fertilized plants survived the cold temperatures better. Control 

plants had significantly more (0.6 new shoots) than the 0.1 new shoots 

for the fertilized plants in September of 1972. Just as for green 

leaves discussed above, fertilized plants did not carry an advantage of 

growth into the second growing season after fertilization. 

The TNC reserve levels tended to remain lower, but not signifi

cantly, in the fertilized plants during the 1971 growing season when 

compared to unfertilized plants (Tables D-l, D-2). Benedict and Brown 

(1944) showed that the addition of nitrogen reduced the percentage car

bohydrate found in blue grama roots but not always in absolute amounts. 

The stored TNC levels were higher in the fertilized plants during the 

early fall period but dropped to comparable levels of the control plants 

by the October sampling. The reserve levels tended to stay higher for 

fertilized plants, but not significantly, during the remainder of the 

winter period. No difference was found in TNC levels between the fer

tilized and unfertilized plants during the 1972 summer growing season, 

but the level again tended to be lower in fertilized plants at the time 

of the fall 1972 sample. 

Effects of Irrigation on 
Seasonal Growth and TNC 

The application of seasonal irrigation did not result in sig

nificant differences in seasonal plant growth and TNC reserve levels 

except during the period of application and for a short time after the 

irrigation was stopped (Table D-7). During the time of actual water 



application, the plots were visibly greener as compared to unwatered 

plots due to the forced leaf growth. Temperatures were generally high 

enough to allow plant growth if sufficient moisture was available. 

At the time of the forced growth, the levels of TNC reserves 

were reduced for mobilization of TNC for vegetative growth. This re

sult is confirmed by Balasko and Smith (1973) and Trlica and Cook 

(1972). The level of TNC reserves in the plants was restored to levels 

comparable to control plants soon after the irrigation was stopped. 

All irrigation treatment plants entered into the summer growing seasons 

with no significant differences in TNC reserve levels. The irrigation 

treatments, each of two-month duration, were not of sufficient duration 

or amount of precipitation to have lasting changes in the overall TNC 

reserve status or growth stages of blue grama. Any gain made by blue 

grama to the short periods of moisture were either cancelled out by 

dry periods after the period of extra water or unwatered plots caught 

up when moisture became available. 

The blue grama plants responded visually to the early and late 

spring irrigation treatments with blue grama on these plots having 

noticeably greener vegetative growth throughout the spring than for all 

other irrigation treatments. Vigorous root growth for these same treat

ments was also noted in the laboratory. One week prior to the July 14, 

1971, sampling date, the plots received approximately 3.75 cm of pre

cipitation (Table A-l). On the July 14 sampling date, I could not vis

ually see any differences as to green leaf growth among irrigation 

treatments, but the vigorous root growth on plants which received the 
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early and late spring irrigation treatments was still evident in the 

laboratory samples. The rapid plant growth in early July under all ir

rigation treatments can be explained from the fact that water stress to 

plants slows cell elongation more than it does cell division (Slatyer 

1967). After the moisture was received in early July, all plots not re

ceiving the spring irrigation were capable of visually catching up to 

those receiving the spring irrigation treatments by rapid cell elonga

tion and green leaf growth. Blue grama can respond quickly to adequate 

moisture conditions after periods of low precipitation if temperatures 

are favorable. Bement (1968) noted the ability of blue grama to re

spond with rapid leaf growth after 2.5 cm or greater rainfall. 

My data indicate that the value of seasonal moisture for blue 

grama is more dependent on the distribution of precipitation over the 

year which occurs in conjunction with the seasonal moisture than on the 

amount received at any one season. 

Herbage Production 

Nitrogen fertilization significantly increased total herbage 

production (kg/h) averaged across irrigation treatments when compared 

to unfertilized plots in both 1971 (443 kg/h, 349 kg/h) and 1972 (498 

kg/h, 302 kg/h), respectively (Table D-8). Irrigation treatments when 

averaged across fertilization treatments did not show any significant 

influence on herbage production in 1971 and 1972, but herbage yields on 

the fertilized early spring and summer irrigation treatments were sig

nificantly higher (545 and 539 kg/h, respectively) when compared to the 

control plot (274 kg/h) in 1971. Herbage production on the early 



spring and summer irrigation treatments also were significantly higher 

(634 and 764 kg/h, respectively) than the control plot in 1972 (209 

kg/h). Production on the fertilized fall irrigation treatment (544 

kg/h) was significantly higher than on the control (209 kg/h) in 1972 

and the trend was for higher production (377 kg/h) than the control 

(209 kg/h) in 1971, but not significantly higher. 

Nitrogen fertilization did not increase the number of reproduc

tive seedstalks of blue grama per previous years reproductive culm when 

compared to control plants. Both treatments resulted in .857 new seed

stalks per previous year seedstalk in September of 1972 (Table D-9). 

Nitrogen fertilization, however, increased the total number of shoots 

(4.3 shoots) produced by blue grama when compared to unfertilized 

plants (2.8 shoots). My data do not agree with the greater number of 

reproductive seedstalks with nitrogen fertilization than without nitro

gen which has been reported in Arizona studies by Burkholder (1967), 

Honnas et al. (1959), Freeman and Humphrey (1956), and Johnsen (1954). 

The increased forage production contributed by blue grama on 

fertilized plots may have been produced from the increased number of 

total shoots per reproductive culm for blue grama (Table D-9) and not 

by increased weight attributed to reproductive culms as noted by Banner 

(1969) in New Mexico for blue grama. 

The percentage of shoots producing seedheads in the fall of 

1972 was 20.0 and 30.5 for fertilized and unfertilized plants, respec

tively, when averaged across irrigation treatments (Table D-9). These 

percentages are higher than the 12 and 137« previously reported for blue 
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grama (Riegel 1940, Branson 1953, Sims et al. 1973). It cannot be de

termined if a distinction between tillers and shoots was made in these 

articles, but if all tillers and shoots are combined for my data, then 

the percentage seedhead production is 14.4 and 16.2 for the fertilized 

and unfertilized plants, respectively. 

Drought Effects 

The precipitation during the fall, winter, and spring periods 

of the 1970-71 plant growth cycle was below average, and the summer 

growing season was above average precipitation (Figure 2). The result 

of the fall, winter, and spring drought was the loss of plant cover by 

death on the study area (Table D-10) and throughout the southwest (Fig

ure 4). Approximately 387» of the recorded plants as determined by 10-

point frame sampling in December of 1971 were dead, even though the 

summer of 1971 was above average in growing season moisture conditions. 

A comparison of cover and composition data for 1971 on irrigated plots 

with data from 1968 on adjacent fertilized plots showed blue grama ac

counted for 40% of the composition in 1968 and 32% in 1971 (Table D-10). 

Cable (1959) concluded that below normal winter precipitation was the 

cause of a high death loss of plants in his study at the Santa Rita 

U.S. Forest Service Experimental Range. 

From the data previously presented, it has been shown that blue 

grama on my study area had the ability for root growth at all times of 

the year, green leaves were present throughout the year, and the fall 

was a time of major new shoot development (Figure 3). With winter 

moisture, blue grama was also able to remain green in Kansas during the 



Irregular patches of dead plants as observed on October 
10, 1971, on irrigation-fertilizer plots, Ihe Research 
Ranch, Elgin, Arizona. 
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winter (Riegel 1941). Blue grama with its opportunistic growth capa

bilities cannot withstand winter drought in the southwest. McGinnies 

and Arnold (1939) conclude that the lower elevation limits in the 

southwest for distribution of blue grama on rangeland is determined by 

precipitation and not high temperature. 

Plant survival for the irrigation treatments was not signifi

cantly different from the control plots, although the fall irrigation 

treatment had the highest number of live plants per plot in December, 

1971, when averaged across fertilization treatments (Table D-10). The 

trend toward higher numbers of live plants on the fall irrigation 

treatment plots indicates that fall moisture may be very important for 

blue grama survival. Fall moisture has been positively correlated with 

the following growing season forage yield in the southwest (Lister and 

Schumacher 1937), central great plains (Dahl 1970), northern great 

plains (Rogler and Haas 1947), and Canada (Johnston et al. 1969). Blue 

grama grows in all these areas. 

On my upland study site the plant death loss was not restricted 

to scattered individual plants but was lost in irregular patches of 

many dead plants and adjacent areas with little loss (Figure 4). The 

depth of the A horizon within the study area was observed to be shal

lower in areas of plant die off as compared to adjacent areas with sur

viving plants. Ogden (1971) reported that depth of the A horizon was 

negatively correlated with the amount of precipitation runoff on a 

Whitehouse soil. The increased runoff from the surface of the shallow 

A horizon at my study area into the areas with a deeper A horizon 



decreased the amount of water for infiltration into the soil with the 

shallow A horizon. The areas of plant die off were probably lower in 

available soil moisture and thus a drier micro-site. With good sunnier 

moisture, but a dry fall and winter, the plants in the drier micro-

site did not have as much soil moisture to survive the winter and 

spring drought period. 

Populations of vigorous blue grama plants presently are found in 

overflow bottomland sites near my study area. These sites receive run

off moisture most years and have a greater chance for soil moisture re

charge in the summer for the plants to survive a fall and winter drought. 

Blue grama survival and production on the upland range site on 

which my study was conducted is extremely sensitive to moisture varia

bility. With years of adequate seasonal rainfall prior to 1970-71, 

blue grama plants had successfully spread into the shallow A horizon 

micro-sites. Consequently, the research data collected from the as

sumed homogenous soils and plant populations was a natural death loss 

of blue grama plants from an artificial population on shallow A horizon 

micro-sites as a result of the fall and winter drought. Klipple (1964) 

recorded in Colorado a similar death loss of blue grama plants under 

fall grazing and above average summer precipitation combined with below 

normal fall precipitation. He did not explain the death loss of the 

blue grama plants in his study. 

Implications on Grazing Management 

The data obtained for blue grama under seasonal moisture and 

nitrogen fertilization treatments showed that the fall period is a time 
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of initial new shoot development and during the following summer period 

the balance of the new shoots are produced. The TNC reserves are de

pleted during both of the new shoot development periods, expecially in 

the early summer. During the late spring dry period and again in late 

summer, TNC reserves are accumulated. Some leaves are green all year 

and root growth is capable of being present throughout the year, with 

the summer growing season being the time of greatest root growth. 

The above characteristics must be kept in mind when developing 

a grazing management plan for blue grama dominated rangeland. With 

blue grama plants capable of producing 657» of its total shoots in the 

fall under good moisture conditions, then the fall period would be a 

time for grazing deferment. Deferring grazing at this time would allow 

maximum development of the new shoots for the following growing season. 

Grazing of the new shoots at this time could lower the number of shoots 

produced and thus total herbage production in the following growing 

season. 

The late spring period and again in late summer, during which 

times TNC reserves accumulate, would be other times of inferred grazing 

deferment. If the plants were grazed heavily during these times and 

not allowed adequate TNC accumulation, the plant vigor to withstand 

cold or drought and spring drought may be reduced. The TNC reserves 

are utilized by the developing shoots when the summer rains come and 

it would be beneficial to have high carbohydrate reserves for vigorous 

growth promotion. Thus, blue grama may benefit from deferment in the 

fall, spring, or summer. 
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These periods of recommended rest fit in with the results of 

Martin (1973) after 8 years of testing seasonal rest. Martin showed 

that rest during spring (March-June) and summer (July-October) in 2 

years out of 3 provided the greatest improvement in density of peren

nial grasses over all other combinations of rest that were tested. 

Blue grama is not listed as a major species on the Santa Rita range 

(Martin 1973), but a key species, Arizona cottontop (Trichachne Cali

fornia [Benth.] Chase.), is capable of producing new shoots during the 

fall, spring, and summer which is similar to blue grama (Cable 1971). 

If the grazing deferment is to be beneficial to the plants be

ing deferred, then the deferment must be during a period of the year 

that is physiologically and morphologically beneficial to the plants. 

These data indicate that a grazing deferment plan should include fall, 

late spring, and early summer periods for beneficial plant deferment in 

the southwestern blue grama ranges. 

The results also indicate that if there is a fall and winter 

drought, the herbage production during the following growing season may 

be reduced. Livestock grazing capacity may require reduction as a re

sult of the lowered herbage production. 

Nitrogen fertilization during the period studied did not in

crease herbage production enough to be recommended as a tool for in

creasing livestock grazing capacity. If two succeeding years of high 

summer and fall precipitation occur, then the third year might be a 

year to risk nitrogen fertilization on blue grama dominated range 

land. This may be inferred, but not proven, and needs further study. 
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From the probable increased physiological and morphological plant re

sponse expected from two years of good moisture, the plants would be in 

a high state of vigor and have a high percentage of fall shoot develop

ment that could take advantage of the nitrogen fertilizer application 

if adequate growing conditions occur during the summer. 

Sprucetop Grama and Poverty Threeawn 

The data for sprucetop grama and poverty threeawn are presented 

together in this chapter due to their similar morphological and physio

logical responses to the applied treatments. 

Seasonal Growth and TNC Relationships 

Precipitation during the early and late spring periods of 1971 

(Figure 2) was only 5.0% of the normal expected precipitation. Spruce

top grama and poverty threeawn showed little growth activity during 

this period but accumulated TNC reserves (Figures 5 -uid 6). Translo

cation of carbohydrates to roots and stem bases has been shown by Sose-

bee and Wiebe (1971) to occur in grasses during periods of water stress. 

Root growth during the 1971 early and late spring period occurred only 

in May for poverty threeawn and June for sprucetop grama. 

The number of green leaves per shoot was not significantly dif

ferent between the two species except in June, 1971, when sprucetop 

grama had 1.2 green leaves per shoot compared to no green leaves for 

poverty threeawn. During the remainder of the 1971 spring period, the 

two species averaged less than one green leaf per shoot. The few green 
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Figure 5. Sprucetop grama morphological and physiological data, The 
Research Ranch, Elgin, Arizona, 1971-1972. 
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Figure 6. Poverty threeawn morphological and physiological data, 
Research Ranch, Elgin, Arizona, 1971-1972. 



leaves per shoot for the two species is in contrast to approximately 

2.0 green leaves for blue grama during the same spring period (Figure 

3). 

New shoots associated with each previous summer seed culm for 

sprucetop grama and poverty threeawn were significantly different from 

each other only at the June 1971 sample date when no new shoots were 

found in poverty threeawn and 0.56 new shoots for-sprucetop grama. The 

absence of new shoots for poverty threeawn in June was a result of the 

new shoots that were present in April, 1971, had been lost by desicca

tion during the spring drought. The same type of loss was observed for 

sprucetop grama between March and April, 1971. 

Limited new shoots with few green leaves for sprucetop grama 

and poverty threeawn during May and June of 1971 do not account for the 

accumulation of TNC reserves during the spring. Associated with the 

old reference culm were tillers capable of carrying on photosynthesis 

(Tables D-3, D-5). The 1971 TNC reserve accumulation peaks (Figures 

5 and 6) in May for sprucetop grama and poverty threeawn in June were 

during the time that each species had a large number of tillers in the 

3- to 4-cm size class (Tables D-3 and D-5). These tillers were appar

ently large enough to provide the necessary photosynthetic surface for 

production and translocation of the TNC to the roots and stem bases, or 

the TNC had accumulated in the tiller bases sampled along with the 

roots for TNC. Williams (1964) has noted that large tillers neither 

import or export TNC reserves. 
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The 1971 summer rainy season was a time for active root growth 

and maximum leaf development for sprucetop grama and poverty threeawn 

(Figures 5 and 6). New shoot production was at its peak for the two 

species at the July sample date and the 1.06 new shoots for sprucetop 

grama were significantly higher than the 0.50 new shoots for poverty 

threeawn. Associated with the active plant growth was a rapid drop in 

TNC reserves during July with the poverty threeawn TNC reserves being 

significantly lower than the sprucetop. grama. The TNC reserves are 

used in the initiation of growth (Troughton 1957) and subsequently used 

for structural purposes. After the initial reduction of TNC reserves 

in July, 1971, the TNC reserve level of sprucetop grama and poverty 

threeawn remained low during August. These data correspond to the data 

of Balasko and Smith (1973) who noted that accumulation of TNC often 

does not occur until anthesis when the structural sinks have been 

satisfied. 

Maximum shoot production for sprucetop grama and poverty three

awn occurred during the early summer period (Figures 5 and 6). Early 

summer was also a major period of new shoot production for blue grama 

(Figure 3) which also produced many new shoots in the fall. A current 

seed culm was used as a new reference point for sampling for growth 

responses during August, and data were subsequently associated with 

this new reference culm. 

When plants approached maturity, the demand for carbohydrates 

in structural building material was reduced and they were translocated 

to roots and stem bases as TNC reserves. Sprucetop grama had 



accumulated significantly more TNC reserves than poverty threeawn at 

the September 1971 sample date. Root growth and the number of green 

leaves per shoot declined for both species compared to the August sam

pling period. New shoot production was limited in August and remained 

at the same level during September for both species (Figures 5 and 6). 

A small increase in new shoot numbers occurred during the October 1971 

sample date when compared to the September sample, but neither of these 

species was as active in fall shoot production as blue grama. Associ

ated with this small increase in new shoots was a corresponding small 

reduction in TNC reserves. New root growth had stopped for sprucetop 

grama and was greatly reduced in poverty threeawn at the October sample 

date compared to root growth during the summer. 

The 1971 fall period for sprucetop grama and poverty threeawn 

in terms of plant activity was much different from that of blue grama 

(Figures 3, 5, and 6). Blue grama produced significantly more new 

shoots and possessed slightly more than 3 green leaves per shoot. Dur

ing this same time, sprucetop grama and poverty threeawn went into a 

state of semi-dormancy. 

In the winter period of 1971-72, both sprucetop grama and pov

erty threeawn maintained approximately the same number of new shoots 

produced in the fall of 1971, the number of green leaves were lowered 

during the winter compared to the fall number, and only slight new 

root growth was noted for sprucetop grama (Figures 5 and 6). The TNC 

reserve level of the fall period was maintained in sprucetop grama, but 



32 

INC accumulation was evident in the poverty threeawn plants during the 

winter. 

The early spring period of 1972 ended in March with both species 

showing a TNC reduction, with preservation of their new shoot numbers 

and slight root growth when compared to the January samples. Sprucetop 

grama plants increased slightly in green leaves and the poverty three

awn plants lost some of their green leaves which resulted in signifi

cantly fewer green leaves in the poverty threeawn plants. The late 

winter and early spring periods of 1972 received no measurable precipi

tation (Figure 1). 

After summer rains began in July, 1972, sprucetop grama and 

poverty threeawn showed abundant new root growth, new shoot production, 

and an increase in green leaves over the dry, early spring period. 

Accumulation of TNC reserves had occurred for sprucetop grama 

and poverty threeawn in the root and stem bases at the September 1972 

sample date and new shoot production was evident. Comparison of the 

September samples of 1971 and 1972 (Figures 5 and 6) showed that both 

species were at similar levels of new shoot production. However, green 

leaf numbers and TNC levels were higher for both species in the 1972 

fall sample. New root growth was lower for sprucetop grama in 1972 and 

was not evident for poverty threeawn. The dry summer and early fall of 

1972 resulted in the plants being slower to reach maturity in 1972 than 

in 1971 under higher moisture conditions (Figure 2). 

Sprucetop grama had significantly more buds per reproductive 

culm, approximately 3.0 compared to 1.50 for poverty threeawn, at all 
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dates except during May and July of 1971 and July of 1972. The lower 

1 to 2 internodes of the reference culm stayed green in sprucetop grama 

and to some extent in poverty threeawn throughout the year. These 

internodes and associated buds died prior to May, 1971, after the fall, 

winter, and spring drought of 1970-71. Cable (1971) noted the loss of 

buds and green internodes to cold temperatures and drought in Arizona 

cottontop. 

Effects of Fertilization on 
Seasonal Growth and TNC 

The application of 56 kg/h of nitrogen to the plots resulted in 

only a few significant differences between treatments for sprucetop 

grama and poverty threeawn in 1971 or 1972 (Tables D-3, D-4, D-5, and 

D-6). The fertilized plants for both species followed the same pat

terns as previously discussed for the control plants in the production 

of green leaves, with peak number of green leaves during the summer 

growing season and a reduction during the fall and winter and spring 

periods. The exception to nonsignificant effects of fertilization oc

curred in July, 1972, for poverty threeawn when the fertilized plants 

had significantly fewer (1.67 green leaves per shoot) than the un

fertilized plants (3.00 green leaves per shoot). New shoots and buds 

were also significantly different only at this date. The 0.78 new 

shoots and 1.28 buds per reference culm on fertilized plants were sig

nificantly lower than the 1.17 new shoots and 2.78 buds for the un

fertilized control plants. 
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During the July, 1972, period, 677« of the unfertilized poverty 

threeawn plants showed active root growth as compared to 277« for the 

fertilized plants which correspond to the noted higher growth activity 

for unfertilized plants. This does not agree with other work in the 

southwest that has shown that the application of fertilizer can increase 

the growth rate above that of unfertilized plants (Burkholder 1967, 

Banner 1969). The resulting lower number of new shoots and buds and 

low root growth may be due to fertilization forcing growth in the early 

spring and then dying during the late spring drought. These forced 

plants were slower to resume growth during the summer. 

Nitrogen fertilization increased the total number of shoots for 

poverty threeawn plants per reproductive culm when checked in September 

of 1972 at which time the fertilized plants had produced 2.5 shoots as 

compared to 1.3 shoots for control plants (Table D-9). This trend also 

carried over into the number of shoots producing seedheads, as the fer

tilized plants had 1.2 seedheads per old culm, and the unfertilized 

plants had 0.67 seedheads. Increasing seedheads through nitrogen fer

tilization has been noted in Arizona for poverty threeawn (Burkholder 

1967). The percentage of total shoots which became seedheads was 48% 

and 437« for fertilized and unfertilized plants, respectively. 

Sprucetop grama, when checked in September, 1972, had 2.3 

shoots per seed culm for fertilized plants compared to 1.8 total shoots 

on unfertilized plants per seed culm (Table D-9). The number of shoots 

producing seedheads was .857 and .667 for fertilized and unfertilized 

plants, respectively. Thirty eight percent of the shoots became 
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seedheads for fertilized plants and 377» for unfertilized sprucetop 

grama plants. 

Sprucetop grama and poverty threeawn had the ability to produce 

reproductive seedstalks from tillers. The production of a root was not 

a prerequisite for a tiller to become reproductive but probably was a 

minimum number of leaves and photoperiod requirement. Photoperiods and 

minimum number of leaves have been reported to limit culms becoming re

productive for some range grasses (Rice 1950), but sprucetop grama and 

poverty threeawn were not included in the report. Blue grama has been 

reported to have an indeterminate photoperiod or being a short day 

plant in extreme southern ranges (Olmsted 1943). 

The average number of total leaves on the plants in September 

of 1972 was 14.7 for blue grama, 13.5 for sprucetop grama, and 11.6 

for poverty threeawn. Neither fertilization nor irrigation had any in

fluence on the number of leaves produced. Nitrogen fertilization has 

been reported by Whitehead (1970) to have little effect on the total 

number of leaves produced per culm, as the number of leaves is genet

ically determined for the different species. The minimum number of 

total leaves on reproductive seed culms was 10 for blue grama, 9 for 

sprucetop grama, and 8 for poverty threeawn. The counting of total 

leaves began with the prophyllum, the first leaf, and ended with the 

flag leaf of the last elongated internode. 
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Effects of Irrigation on 
Seasonal Growth and TNC 

Significant differences in seasonal plant growth response and 

TNC reserves for sprucetop grama and poverty threeawn occurred prima

rily during the time of the spring water application (Table D-7). The 

plants which received in the 1971 early and late spring irrigation 

treatments responded with the TNC reserves being depleted by leaf 

growth when compared to unwatered plots. Total new shoots and tillers 

per reproductive culm for sprucetop grama were higher in total numbers 

for the early spring irrigation treatment when compared to the other 

irrigation treatments (Table D-12). Poverty threeawn showed an in

crease in total new shoots and tillers for the early spring irrigation 

treatment when compared to the other irrigation treatments only in 

July of 1971. These data indicate that the early spring irrigation 

treatment was beneficial for sprucetop grama and poverty threeawn. 

During other periods of the year, sprucetop grama and poverty three

awn did not respond to the irrigation application. Blue grama re

sponded differently in the fact that plant growth was promoted during 

anytime of the year that water was applied. Sprucetop grama and pov

erty threeawn growth response occurred in the spring periods when tem

peratures were warm enough for plant growth, but precipitation is 

normally deficient during this time of the year in the Arizona desert 

grassland (Figure 2). 

Any differences in TNC reserve levels in root and stem base 

samples that resulted from the irrigation treatments was nullified by 

the initiation of normal plant growth during the summer rainy season. 



These data indicate that the 2-month irrigation treatments and amounts 

of water that were applied were not sufficient to have significant and 

lasting changes in sprucetop grama and poverty threeawn TNC reserve 

status. 

Drought Effects 

The pattern of precipitation during the 1970-1971 fall, winter, 

and spring drought is shown in Figure 2 with below normal precipitation 

occurring every month from October 1970 through June 1971, except Febru

ary 1971 when slightly above normal precipitation occurred. The summer, 

fall, and early winter of 1972 precipitation was above normal. Cover 

and composition data were taken in the early winter of 1972 after plant 

loss was noted in the plots. The 1972 data for cover and composition 

were compared with data obtained in 1968 on adjacent fertilized plots 

and showed a 697« loss in live basal cover (Table D-10). Individually 

the species loss in live basal cover was 74.57», 57.6%, and 75.67<> for 

blue grama, sprucetop grama, and poverty threeawn, respectively. Plant 

composition for the irrigated plots based on cover showed a reduction 

in composition for blue grama of 18.5% and 20.2% for poverty threeawn, 

but a 34.97« increase in composition for sprucetop grama when compared 

to the 1968 data (Table D-10). Approximately 387« of the total plant 

cover on the irrigated, fertilized plots was made up of dead plants. 

Results indicate that for sprucetop grama early spring irriga

tion was beneficial for plant growth (Table D-12). Sprucetop grama 

plants in the early spring irrigation treatment had a combined total of 

4.00 and 3.66 new shoots and tillers in 1971 and 1972, respectively, as 



compared to an average of 1.38 and 1.86 combined total new shoots and 

tillers for the other irrigation treatments. The early spring irriga

tion treatment also increased total number of new shoots and tillers 

for poverty threeawn (3.66) as compared to an average of 0.55 for the 

other irrigation treatments in July of 1971 but had no influence in 

1972. The early spring irrigation treatment did not influence the num

ber of new shoots and tillers for blue grama when compared to the other 

irrigation treatments in either 1971 or 1972. 

The influence on sprucetop grama of early spring irrigation in 

conjunction with improved plant nutrition and vigor from fertilization 

can be confirmed from the data for plant cover taken in the winter of 

1971 for irrigation and fertilizer treatment (Table D-ll). The fertil

ized early and late spring irrigation treatments were the only two ir

rigation treatments that showed significantly greater total live basal 

cover over the unfertilized irrigation treatments. The percentage of 

live basal cover was 10.2 and 9.9 for the fertilized early and late 

spring irrigation treatments, respectively, as compared to 6.8 and 7.1 

for unfertilized treatments, respectively. Sprucetop grama was sig

nificantly higher in live basal cover (5.5%) for the fertilized early 

spring irrigation treatment as compared to 3.07» live basal cover for the 

unfertilized early spring irrigation treatment. In the late spring ir

rigation treatment, no single species contributed a significant influ

ence, but the blue grama and sprucetop grama plants combined, contributed 

to the significant overall increase in total live cover, and poverty 

threeawn remained the same. With the application of nitrogen fertilizer 



to the plots in July, 1971, it seems that sprucetop grama plants which 

had received early and late spring irrigation treatments were able to 

take more advantage of the nitrogen more than blue grama or poverty 

threeawn. The result was a lower loss in cover (57.6% for sprucetop 

grama as compared to 74.5% and 75.6% for blue grama and poverty three

awn, respectively (Table D-10). The same trends for irrigation and 

fertilization effects on herbage production in 1971 and 1972 as dis

cussed for cover and composition are shown in Table D-8. Herbage pro

duction on the fertilized early spring irrigation treatment was 

significantly higher in 1971 (545 kg/h) than the control (274 kg/h). 

Again in 1972 the fertilized early spring irrigation treatment herbage 

production (634 kg/h) was higher than the control (209 kg/h). The in

creased herbage production cannot be attributed to any one species, be

cause production was a composite sample of all three species. 

If the previously presented concepts as to the drought effects 

on blue grama are correct in that blue grama requires fall moisture for 

new shoot production, then its recovery capability during the summer of 

1971 was severely damaged from the previous 1970-1971 fall and winter 

drought and at least a one-year lag period for recovery was in effect. 

Although both sprucetop and poverty threeawn are not completely dormant 

in the fall, they do not depend on fall moisture for major new shoot 

production as does blue grama. Additional spring moisture seemed to 

have more influence on their summer growth and vigor than fall and win

ter moisture. 
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Sprucetop grama and poverty threeawn are not similar in growth 

habit in that sprucetop grama is more of a sod-forming species and pov

erty threeawn is a typical bunch grass type, although both species are 

classed as bunch grasses in the desert grassland (Humphrey 1960). The 

poverty threeawn plants by the nature of the compact bunch grass growth 

form does not allow for a rapid increase in basal area from the parent 

plant, whereas the lower and more spreading growth form of sprucetop 

grama allows for a fast vegetative expansion of its basal area when 

growth conditions are favorable. Poverty threeawn plants after a death 

loss requires that seedlings become established to increase in composi

tion and cover. 

Cover estimates were made in the early winter of 1971 after 

above normal precipitation had occurred for the summer, fall, and early 

winter (Figure 2); therefore, the cover estimates do not show absolute 

losses in cover that had occurred but include some recovery in basal 

cover. 

The following conclusions explain the changes between 1968 and 

1971 in plant composition to more sprucetop grama and less blue grama 

and poverty threeawn. Blue grama was severely damaged in vigor and 

growth capability by the fall, winter, and spring drought of 1970-71 

and was unable to recover with favorable moisture in the summer of 

1971. Poverty threeawn depends on seedlings rather than vegetative 

propagation to recover from plant loss, so it did not show an immediate 

recovery of cover during the summer of 1971. Sprucetop grama vigor and 

growth capability was not as severely damaged by the 1970-71 drought 
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because of its fall dormancy and its ability to spread vegetatively 

during the favorable growing conditions of the summer of 1971. 

Implications on Grazing Management 

Grazing management for sprucetop grama and poverty threeawn 

must consider the two periods of TNC accumulation, spring and fall, and 

that new shoot production occurs primarily in the early summer period. 

A grazing system such as proposed by Martin (1973) or Schmutz (1973) 

which provides periods of rest from March to October in two years out 

of three would accommodate these periods in the plant's life cycle. 

The rest periods should allow for maximum TNC reserve accumulation dur

ing the spring for use in the summer rainy season for new shoot and 

root production. The fall rest period would allow for TNC accumulation 

to maintain plant vigor during the winter. 

Results indicate that for sprucetop grama, a combination of 

fertilization and early spring precipitation may increase the total 

number of new shoots and tillers which should be reflected in the fall 

by an increase in percentage cover and herbage production. The spring 

precipitation may increase new shoot and tiller production for poverty 

threeawn, but due to the nature of its bunch grass growth form does not 

allow for it to greatly increase its basal area. For poverty threeawn 

to increase in basal cover, the plant must have proper moisture condi

tions for viable seed production, germination, and seedling establish

ment which requires more than one year of good moisture conditions. 



Although Increased herbage production was obtained from nitrogen fer

tilization, the increased production was not of great enough magnitude 

to recommend its application to obtain increased herbage production. 
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Table A-l. Precipitation at the fertilization-irrigation plots located 
on Hie Research Ranch, Elgin, Arizona, September, 1970, 
through September, 1971. 

1970 (inches) 1971 

Month Month 
S  O N D  J  F M A M J J  A  S  

1 .20 .50 .85 
2 .37 
3 .45 .58 
4 .95 .37 
5 .37 .05 
6 .28 
7 
8 
9 .08 

10 T 1.72 
11 T 
12 .22 .60 
13 
14 .10 .07 
15 .05 
16 .30 
17 .22 .15 
18 .75 .08 .55 .70 
19 
20 .10 .15 .03 
21 .02 .05 
22 .78 
23 .10 
24 .05 .60 
25 .15 
26 .20 
27 .48 .30 .50 
28 .10 
29 .45 .95 
30 .60 
31 .60 .05 

Tot. 2.30 0 0 .58 .20 .87 0 .05 0 0 4.95 5.22 2.65 
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Table A-2. Precipitation at the fertilization-irrigation plots located 
on Ihe Research Ranch, Elgin, Arizona, September, 1971, 
through September, 1972. 

Day 
1971 

Month 

(inches) 

N M 

1972 

Month 
M 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

.85 

.95 

.05 

2.50 

.50 
,15 .90 
,70 .10 

.65 

.08 

.07 
.10 

.15 
.20 
.10 .15 
.15 

.10 
.12 
.02 .05 

.10 
.35 
.30 

.30 

T 
T 

.30 

.75 

.35 

.05 

.10 

.07 

.05 

.42 

.05 

.55 .65 

.05 

.05 

.05 
T .25 

.10 
.47 

.57 

.30 

Tot. 2.65 1.60 .50 2.75 .30 . 76 2.42 2.45 1.44 

a. Part of this amount is estimated as it included snow storms during 
period of December 4-14. Gauge was not equipped for snow measure

ment . 



Table A-3. Average weekly maximum and minimum temperatures (C), The Research Ranch, Elgin, Arizona 

Week 

1 

2 

3 

4 

1970 

Sept. Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

1971 

Hay June July Aug. Sept. 

Max Mln Max Min Max Mln Max Mln Max Mln Max Mln Max Mln Max Mln Max Mln Max Mln Max Min Max Min Max Min 

29 17 25 

29 16 25 

9 21 

7 19 

29 15 23 8 20 

25 10 21 5 21 

21 

16 

13 1 

14 3 

2 

14 

24 

20 

-9 

-1 

6 

3 

15 

20 

13 

14 -3 24 

19 

22 

12 -1 26 8 

25 29 10 31 18 29 15 29 14 

28 8 25 8 29 12 33 20 27 14 31 15 

15 2 28 9 31 16 31 16 26 14 26 10 

22 5 26 9 31 16 30 16 28 14 27 12 

1971 

* 

23 10 23 

24 11 23 

19 7 12 

19 5 17 

11 1 

11 -3 

11 

16 

* 

13 -1 

17 

17 

18 

13 -1 

16 

21 

24 

* 

25 8 

26 10 

25 

19 

26 

25 

21 

26 

1972 

* 

27 11 

28 10 

28 11 

28 12 

29 14 34 16 

29 14 32 16 

31 16 27 15 

28 14 30 15 

33 18 29 15 29 15 30 15 

34 18 31 16 29 15 29 13 

Temperature data from Ft. Huachuca, Arizona. 
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IRRIGATION TREATMENTS 
No. Dates 

1 Check 
2 Sept. - Oct. 
3 Nov.- Dec. 

4 Jan. - Feb. 
5 Mar. - Apr. 
6 May- June 

7 J u l y —  A u g .  

FERTILIZER TREATMENTS 
Y//A Fertilized 1971 

»-H +H  Fertilized 1971 and 1972 

I I Not Fertilized 

Figure A-l. Plot diagram of fertilizer and irrigation treatments, 
The Research Ranch, Elgin, Arizona. 



APPENDIX B 

TOTAL NONSTRUCTURAL CARBOHYDRATE 
ANALYTICAL PROCEDURES 

Laboratory Procedures 

Whole plant samples from each sampling date were washed free of 

soil and dead plant material in cold water. Ihe plant samples were 

clipped free of the above grpund leaves and stems leaving approximately 

1.25 cm of the stem bases. The root and stem base material was killed 

in a forced-air oven at 100 C for 2 hr and dried at 70 C for 24 hr 

(Smith 1973). The dried samples were ground in a Wiley mill (40 mesh 

screen), then stored in sealed glass bottles in the dark until analyzed 

for total nonstructural carbohydrates (Smith 1969). The following modi

fied procedure of enzyme digestion follows that outlined by Smith 

(1969), the clearing procedure of Moyer and Holgate (1948), and an-

throne procedure described by G. L. Jordan (Department of Watershed 

Management, The University of Arizona, personal communication, 1973). 

Approximately 1.0 g of the oven-dry ground root and stem base 

sample was placed in a 125 ml Erlenmeyer flask to which was added 15 ml 

of distilled water. The mixture was heated to boiling on a hot plate 

for approximately 90 seconds to gelatinize the starches. The mixture 

was then allowed to cool to room temperature and 10 ml of sodium ace

tate buffer was added. To the mixture, exactly 10 ml of takadiastase 

enzyme was added and the Erlenmeyer flask was stoppered and placed in 

48 



49 

an oven to incubate for 44 hr at 38 C. An enzyme distilled water blank 

was included in the complete procedure for each set of unknown samples 

incubated. 

After incubation, the sample mixture was gravity filtered 

through a Whatman No. 1 filter paper into a 350 ml beaker. The Erlen-

meyer flask and residue on the filter paper was washed several times 

with distilled water. To the filtrate 10 ml of 10% zinc sulfate was 

added and swirled to ensure adequate mixing. The solution was allowed 

to set for approximately 15 minutes and an equivalent amount of satu

rated barium hydroxide solution was slowly added and stirred. Equiva

lence was determined by titrating a 10 ml sample of the zinc sulfate 

with the saturated barium hydroxide solution. Usually about 20 ml were 

required. The resulting precipitate was filtered through a Whatman No. 

50 filter paper under suction and washed several times and the precipi

tate was then discarded. The filtrate was made up to 250 ml volume 

with distilled water in a 250 volumetric flask. 

Usually a 1 to 10 dilution was necessary to bring the carbohy

drate concentration into the desirable range for the optimum spectro

photometer reading (.2 to .6 absorbance). A 3 ml aliquot was pipetted 

from the diluted solution and placed in a 25 ml volumetric flask to 

which 10 ml of anthrone reagent was added using an automatic pipette. 

The mixture was vigorously swirled and immediately boiled in a hot 

water bath for exactly 15 minutes and then cooled to room temperature 

in a cool water bath. Transmittance was read at 620 na on a spectro

photometer using the enzyme distilled water sample as the blank. The 



transmittance reading was then converted to percent absorbance. Trans-

mittance was read because of the greater accuracy in making the reading. 

From a standard curve prepared from known concentrations of glucose so

lutions (10, 20, 40, 60, 80 ug/ml), the absorbance reading was con

verted to ug/ml of glucose equivalent. A standard curve was prepared 

for each liter of anthrone reagent used. The mg glucose equivalent/g 

dry weight was calculated by the following formula: 

mg glucose 
equivalent/g dry wt. 

glucose concentration original 
from standard curve x volume x 

(mg/ml ) (m l) 

dilution 
factor 

original sample weight 
(g) 

Chemical Reagents Used in Carbohydrate Analysis 

Reagent 

Anthrone 

Preparation 

1.0 g thiourea added to 500 ml of 87.5% I^SO^ 

(W/W) and completely dissolved before adding 1.0 

g of anthrone crystals. Completely dissolve the 

mixture and make to 1000 ml volume with 87.5% 

I^SO^. Refrigerate immediately and keep out of 

the light. 

ZnS04 (10%) Add 178 g ZnSO^^I^O crystals to 300 ml of dis

tilled H^O. Dissolve and bring to 1000 ml volume. 

Ba(0H)2 (saturated) Add 76 g (Ba (OH^ * 81^0 crystals to about 1000 ml 

of distilled 1^0. Shake the solution several 

times and let stand 24 hours before using. 
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Buffer solution Mix 3 volumes 0.2 N acetic acid with 2 volumes 
(pH 4.45) 

0.2 N sodium acetate. The solution must be kept 

under refrigeration and out of light. 

Takadiastase enzyme Dissolve 5 g of takadiastase (Parke-Davis) in 300 

ml of distilled H^O. The enzyme solution was 

transferred to a cellulose casing and dialyzed in 

running 1^0 for 72 hours. The dialyzed enzyme 

solution was gravity filtered through a Whatman 

No. 4 filter paper, brought to 1000 ml volume, 

refrigerated, and kept out of light. 



APPENDIX C 

MORPHOLOGY ANALYSIS PROCEDURE 

Sample Selection 

Whole plant samples from each sampling date were washed free 

from soil and debris, placed in labeled polyethylene bags, sealed, 

frozen, and stored in a freezer until analyzed. For examination pro

cedures, the frozen whole plant samples were thawed under running 

water. One plant specimen was obtained from the total whole plant 

sample. The single specimen was obtained by selecting a reproductive 

culm with its associated vegetative growth and separating it from the 

other plant material. From the reproductive culm, the most mature or 

developed shoot and its associated plant material was selected. The 

selection procedure was used to help reduce the natural plant variabil

ity. If there was not a readily distinguishable seed stalk present, 

then the most mature or developed shoot in the sample was selected for 

measurement. The number of shoots and tillers (alive and dead) associ

ated with the reproductive culm was recorded. Ihe shoot designated for 

measurement was examined for selected characteristics and recorded di

rectly on computer analysis form for card punching and statistical 

analysis. Supplemental information such as plant vigor, color, and 

other unquantifiable characteristics were noted with each sample. Ihe 

unexamined whole plant samples were placed in their respective bags and 

refrozen for possible further examination. The refrozen plant samples 
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could be thawed and .jrefrozen many times without damage if they were not 

exposed excessively to the atmosphere while thawed. 

Morphological Characteristics and Their 
Classifications or Indices 

for Computer Analysis 

Characteristic 

Overall plant type 
(excluding old seed culm) 

Reproductive culm 

Root index 
(measured shoot) 

Green leaves 
(measured shoot) 

Measurement 

1 = Small (^.5 cm) 
2 = Large (>5 cm) 

0 = Absent 
1 = Present 

1 = Initial new root<_l cm 
2 ,=•- Initial new root > 1 cm 
3=1 old root 
4 = 1  o l d  r o o t  +  n e w  r o o t  
5 = 2-3 old roots 
6 = 2-3 old roots + new root 
7 = > 3 old roots 
8 = > 3 old roots + new root 

Total numbers 

Total leaves 
(measured shoot) 

Prophyllum to and including the 
terminal leaf 

Prophyllum 0 = Absent 
1 = Present 

Height 

Growth index 

Prophyllum to highest leaf collar 

107. 
1 S All brown 

2 = Green only at leaf base 
3 = < 257. of leaf green 
4 s < 507. of leaf green 
5 ss < 757. of leaf green 
6 = > 757. of leaf green 

Insect leaf damage 0 = None 
1 = <. 257= damage 
2 = <. 507. damage 
3 = <, 757. damage 
4 = > 757. damage 
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Buds 

Tillers 
(green, living) 

Tillers 
(brown, dead) 

Reproductive stage 

New shoots 

Old tillers 

Dead Tillers 

Primary shoot 

Number, >^2 mm and leaf extension 
< 2 mm 

Leaf extension beyond the prophyllum 
and sheath > 2 ran 
< 1 cm 
> 1 cm, _< 2 cm 
> 2 cm, < 3 cm 
> 3 cm, < 4 cm 
> 4 cm, < 5 cm 
> 5 cm, < 6 cm 
> 6 cm, < 7 cm 

< 1 cm 
> 1 cm, < 2 cm 
> 2 cm, < 3 cm 
> 3 cm, < 4 cm 
> 4 cm, < 5 cm 
> 5 cm, < 6 cm 
> 6 cm, < 7 cm 

0 = None 
1 = Boot stage 
2 = Breaking out of sheath 
3 = Inflorescence free of sheath 
4 = Anthesis 
5 = Seed in soft dough 
6 ss Seed in hard dough 
7 = Seed head broken off 

Total number of new shoots associ
ated with current reference point 

Total number of live tillers on the 
current reproductive culm 

Total number of dead tillers on the 
current reproductive point 

A. Total number of primary shoots 
associated with measured shoots 

B. Total number of above primary 
shoots that produced an infloi-
rescence 
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Secondary shoot 

Tertiary shoot 

A. Total number of secondary shoots 
associated with the measured 
shoot 

B. Total number of above secondary 
shoots that produced an inflo
rescence 

A. Total number of tertiary shoots 
associated with the measured 
shoot 

B. Total number of above tertiary 
shoots that produced no inflo
rescence 
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Table D-l. Number of buds, tillers by size classes, new shoots, and green leaves, percent of samples 

with new root growth, and carbohydrate reserves in mg/g dry weight for blue grama unfer
tilized samples averaged across irrigation treatments collected at The Research Ranch, 
Elgin, Arizona, 1971 and 1972. 

Late Early 
Early spring Late spring Summer Fall winter spring Summer Fall 

Mar April May June July Aug Sept Oct Jan Mar July Sept 

16 24 21 16 14 16 15 21 6 30 24 22 

1971 1972 

Buds 1, 

00 o
 2, .13 1, .47 1, .67 2, .33 1, .89 1, .83 2, .61 2, ro

 
00

 

2. 44 2. ,67 2, .91 

Tiller 1 1, .08 .27 4 .13 .11 .00 .22 * .28 .50 .89 50 ,11 i .48 

2 1, .33 1, ,07 1, .47 1. .50 ,94 .78 1. .00 1, .44 1. ,28 50 ,39 i .95 
(cm) 3 .50 .67 1, .07 .61 .89 .72 1, .22 .33 .28 1. 00 ,72 4 .81 

4 .08 ,00 .07 .22 .06 .17 < .28 .00 < .00 39 ,00 .10 
5 .00 « .00 4 .00 ,00 ,00 .11 ,00 .00 « .00 06 ,00 .05 
6 .00 < .00 4 .00 .00 .00 .00 i .00 .00 « ,00 • 

06 ,00 .00 

Tillers 
and buds 

4, .07 4. ,14 4, .21 4. .11 4. ,22 3. .89 4. .61 4, .88 4. ,73 4. 95 3. ,89 5, .20 

New shoots i_6_7 ,80 1, .00 1, .11 1. ,61 .00 .56 1, .50 1, .11 1. 44 2. ,28 .62 

Total 4, .74 4, .94 5, .21 5, .22 5. .83 3, .89 5, .17 6, .38 5, .84 6. 39 6, .17 5, .82 

Green 
leaves 

1, .83 2, .53 1, .87 2, .22 3, .33 3, .44 3, .67 3, .83 3, .44 5. 17 3, .50 3, .62 

Root 
growth 7. 

.00 17. .00 17, .00 7, .00 60. .00 53, .00 53. .00 33, .00 13. .00 7. 00 47. .00 17, .00 

CHO 50, .6 56. .2 66, .6 93, .0 22, .2 22, .7 63, .4 36, .1 36, .9 42. 1 35. ,8 61, .1 
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Table D-2. Number of buds, tillers by size classes, new shoots, and 
green leaves, percent of samples with new root growth, and 
carbohydrate reserves in mg/g dry weight for blue grama 
fertilized samples averaged across irrigation treatments 
collected at The Research Ranch, Elgin, Arizona, 1971 and 
1972. 

1971 1972 

Summer Fall 

Late 

winter 
Early 
spring Summer Fall 

Aug 
16 

Sept 
15 

Oct 

21 
Jan 
6 

Mar 
30 

July 
24 

Sept 

22 

Buds 1.94 1.67 2.17 2.61 2.11 2.56 2.19 

Tiller 1 

2 
(cm) 3 

4 
5 
6 

.22 
1.17 
1.06 
.22 
.11 
.00 

.56 

.72 
1.11 
.11 
.17 
.06 

.89 
1.28 
.28 
.06 
.00 
.00 

.50 
1.28 
.28 
.00 
.00 
.00 

.28 

.67 

.44 

.72 

.00 

.00 

.17 

.22 

.83 

.39 

.06 

.00 

.29 

.67 
1.10 
.33 
.00 
.00 

Tillers 
and buds 

4.72 4.40 4.68 4.67 4.72 4.24 4.58 

New 
shoots 

.22 .67 1.67 1.61 1.50 2.00 .10 

Total 4.94 5.07 6.35 6.28 6.22 6.24 4.68 

Green 
leaves 

4.33 3.78 4.50 4.11 3.94 2.78 3.14 

Root 
growth % 

73.00 53.00 60.00 7.00 13.00 27.00 11.00 

CHO 21.1 52.2 32.4 39.2 39.9 38.8 47.6 



Table D-3. Number of buds, tillers by size classes, new shoots, and green leaves, percent of samples 
with new root growth, and carbohydrate reserves in mg/g dry weight for sprucetop grama 

unfertilized samples averaged across irrigation treatments collected at The Research 

Ranch, Elgin, Arizona, 1971 and 1972. 

Late Early 
Early spring Late spring Summer Fall winter spring Summer Fall 

Mar April May June July Aug Sept Oct Jan Mar July Sept 

16 24 21 16 14 16 15 21 6 30 24 22 

1971 1972 

Buds 3, .00 2, .80 2, .33 3. .17 2. ,44 2. ,94 3. ,28 3. .44 3. ,83 3. ,61 2. ,94 4. ,05 

Tiller 1 .17 .47 .13 .11 ,00 ,06 i .28 .11 4 ,17 ,28 ,06 ,10 

2 .92 1, .07 .27 .28 ,17 ,83 « ,83 .89 4 ,56 ,50 ,28 ,67 

(cm) 3 .83 .93 i! .87 .44 l! ,00 ll ,11 ,72 ,50 4 ,56 ,61 ,67 ,81 

4 .00 .13 .07 ,00 ,22 4 ,06 4 ,22 .06 4 ,00 ,11 4 ,22 ,19 
5 .00 .00 .00 ,00 4 ,06 4 ,00 i .00 .00 4 ,00 .00 4 .00 4 ,05 
6 .00 .00 .00 .00 4 .00 ,00 1 .00 .00 1 .00 .00 1 .00 4 .00 

Tillers 
and buds 

4, .92 5, .40 4, .67 4, .00 3, .89 5. ,00 5. .33 4, .80 5. .12 5, .11 4, .17 5. ,87 

New shoots • 25 .00 . 2 0  « ,56 1, .06 ,06 .11 J36_ J>0 .61 1, ,22 .14 

Total 5, .17 5 .40 4, .87 4. .56 4, .95 5. .06 5, .44 5, .36 5, .62 5, .72 5, .39 6, .01 

Green 
leaves 

.50 .20 .67 1, .22 2, .33 4. .78 2, .67 2, .06 .89 1, .44 3, .61 4. .57 

Root 
growth 7. 

.00 .00 .00 7, .00 40, .00 67. .00 40, .00 .00 7, .00 7, .00 33, .00 17. .00 

CHO 43 .8 42 .4 73 .6 53, .9 26, .2 30, .1 63, .0 47, .5 50, .8 37, .1 57, .0 87, .1 

Ul 
vo 
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Table D-4. Number of buds, tillers by size classes, new shoots, and 
green leaves, percent of samples with new root growth, and 
carbohydrate reserves in mg/g dry weight for sprucetop 
grama fertilized samples averaged across irrigation treat
ments collected at The Research Ranch, Elgin, Arizona, 1971 

and 1972. 

1971 1972 

Summer Fall 
Late 
winter 

Early 
spring Summer Fall 

Aug 
16 

Sept 
15 

Oct 
21 

Jan 
6 

Mar 
30 

July 

24 

Sept 

22 

Buds 2.00 3.06 3.56 3.44 4.22 2.94 3.91 

Tiller 1 

2 
(cm) 3 

4 
5 
6 

.17 

.94 

.72 

.11 

.00 

.00 

.22 

.78 

.67 

.11 

.06 

.00 

.00 

.72 

.83 

.06 

.00 

.00 

.17 

.50 

.89 

.17 

.00 

.00 

.00 

.11 

.72 

.22 

.00 

.00 

.11 

.11 

.22 

.00 

.00 

.00 

.00 

.57 

.48 

.00 

.00 

.00 

Tillers 
and buds 

3.94 4.90 4.97 5.17 5.27 3.38 5.41 

New shoots .33 .11 .39 .44 .67 1.39 .29 

Total 4.27 5.01 5.36 5.61 5.94 4.77 5.70 

Green 
leaves 

4.61 2.44 2.33 .61 1.94 3.50 4.14 

Root 
growth % 

73.00 47.00 20.00 20.00 7.00 40.00 22.00 

CHO 20.0 65.0 65.2 60.2 39.2 29.0 75.0 



Table D-5. Number of buds, tillers by size classes, new shoots, and green leaves, percent of samples 

with new root growth, and carbohydrate reserves in mg/g dry weight for poverty threeawn 
unfertilized samples averaged across irrigation treatments collected at The Research 
Ranch, Elgin, Arizona, 1971 and 1972. 

Late Early 
Early spring Late spring Summer Fall winter spring Summer Fall 
Mar April May June July Aug Sept Oct Jan Mar July Sept 
16 24 21 16 14 16 15 21 6 30 24 22 

1971 1972 

Buds 1.08 1.60 1.87 1.11 1 .72 1. 78 1 .50 1. 61 1 .33 .67 2 .78 2.48 

Tiller 1 .08 .47 .47 .39 .06 50 .67 1. 06 1 .00 .39 .33 .43 
2 1.75 .87 .73 .83 .50 • 78 1 .72 1. 56 1 .94 1.44 .44 1.14 

(cm) 3 1.17 1.33 1.13 1.39 .72 • 33 .67 61 .39 1.11 .44 .57 
4 .00 .20 .40 .11 .94 • 22 .22 • 00 .06 .33 .06 .05 
5 .00 .00 .00 .11 .11 • 00 .00 • 00 .00 .06 .00 .05 
6 .00 .00 .00 .00 .00 • 06 .00 • 00 .00 .11 .00 .00 

Tillers 
and buds 

4.08 4.47 4.50 3.94 4 .05 3. 67 4 .78 4. 84 4 .72 4.11 4 .05 4.72 

New shoots .08 .07 .27 .00 .50 • 22 .17 .i 39. .33 .28 1 .17 .10 

Total 4.16 4.54 4.77 3.94 4 .55 3. 89 4 .95 5. 23 5 .05 4.39 5 .22 4.82 

Green 
leaves 

.17 .13 .67 .00 1 .50 3. 78 2 .50 1. 89 1 .17 .39 3 .00 3.14 

Root 
growth % 

.00 .00 8.00 .00 40 .00 33. 00 20 .00 7. 00 .00 7.00 67 .00 .00 

CHO 33.40 36.6 73.8 85.2 13 .9 17. 6 40 .2 31. 3 61 .6 22.4 30 .1 49.5 
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Table D-6. Number of buds, tillers by size classes, new shoots, and 
green leaves, percent of samples with new root growth, and 
carbohydrate reserves in mg/g dry weight for poverty three-
awn fertilized samples averaged across irrigation treatments 
collected at The Research Ranch, Elgin, Arizona, 1971 and 
1972. 

1971 1972 

Late Early 
Summer Fall winter spring Summer Fall 
Aug Sept Oct Jan Mar July Sept 
16 15 21 6 30 24 22 

Buds 1.39 1.61 1.56 1.17 .94 1.28 2.38 

Tiller 1 
2 

(cm) 3 
4 
5 
6 

.50 

.83 

.94 

.22 

.11 

.00 

.50 

.83 
1.22 
.44 
.28 
.06 

.39 
1.39 
1.17 
.39 
.00 
.00 

.50 
1.67 
1.11 
.06 
.00 
.00 

.44 
1.06 
1.33 
.67 
.00 
.00 

.11 

.83 
1.17 
.39 
.00 
.00 

.33 
1.48 
.81 
.00 
.00 
.00 

Tillers 
and buds 

3.99 4.94 4.90 4.51 4.44 3.78 5.00 

New shoots .28 .28 .67 .50 .39 .78 .19 

Total 4.27 5.22 5.57 5.01 4.83 4.56 5.19 

Green 
leave8 

3.89 2.00 1.72 .56 1.17 1.67 3.10 

Root 
growth 7o 

53.00 33.00 7.00 .00 .00 27.00 .00 

CHO 17.5 42.8 45.3 50.2 19.7 29.7 56.1 



Table D-7. Carbohydrate reserves in mg/g dry weight for unfertilized blue grama, sprucetop grama, and 
poverty threeawn by irrigation treatments of samples collected at The Research Ranch, 

Elgin, Arizona, 1971-1972. 

TvAa t"Tflon f Mar Apr May June July Aug Sept Oct Nov Jan Feb Mar Sept 
1 i CO LJTlcll L 

16 24 21 16 14 13 15 21 18 6 17 30 22 

Blue grama 

Control (1) 50.6 56.2 66.6 93.0 22.2 22.7 63.4 36.1 22.7 36.9 16.3 42.1 61.1 
Sep Oct (2) 41.7 77.9 90.1 75.6 28.9 18.0 33.4 36.4 20.6 43.0 34.0 51.8 52.9 
Nov Dec (3) 46.6 57.0 60.4 65.1 48.1 22.5 64.3 58.6 34.3 33.6 29.0 48.9 48.5 
Jan Feb (4) 34.1 45.4 78.4 74.4 36.8 28.9 58.2 21.8 37.2 29.9 36.7 39.7 103.0 
Mar Apr (5) 32.9 52.1 84.0 37.2 27.4 41.8 25.9 25.5 31.5 19.9 23.9 39.4 
May Jun (6) 91.3 35.5 29.2 43.1 26.1 17.5 30.0 31.5 32.0 34.6 

Average 43.3 53.9 69.1 80.6 34.8 24.8 50.7 34.2 26.3 34.1 27.9 39.8 56.6 

Sprucetop grama 

Control (1) 43.8 42.4 73.6 53.9 26.1 30.1 63.0 47.5 42.8 50.8 50.8 37.1 87.0 
Sep Oct (2) 71.5 49.0 62.1 65.5 37.8 27.2 51.9 61.9 33.0 56.1 49.7 37.3 72.4 
Nov Dec (3) 48.5 50.8 46.5 47.2 27.3 37.3 62.5 58.3 60.1 33.7 58.7 50.1 74.9 
Jan Feb (4) 40.4 32.3 71.5 48.5 28.2 38.2 49.9 34.8 43.2 37.1 34.9 31.4 116.7 
Mar Apr (5) 25.0 47.3 100.2 28.2 30.0 52.5 44.2 51.2 64.9 59.4 37.1 65.9 

May Jun (6) 34.3 28.3 30.8 62.3 43.9 46.5 22.1 57.5 45.1 65.0 

Average 50.9 39.9 60.2 58.2 29.3 32.3 57.0 48.4 46.1 44.1 51.8 39.7 80.3 

Poverty threeawn 

Control (1) 33. 4 36.6 73.9 85.2 13.9 17.6 40.2 31.3 40.8 61.0 52.3 22.4 49.5 
Sep Oct (2) 49. 3 47.9 75.4 97.5 26.6 12.5 43.0 48.1 21.6 42.1 49.9 49.0 70.9 

Nov Dec (3) 47. 2 47.3 71.8 96.8 28.9 25.4 60.8 45.4 69.6 38.3 41.8 34.1 33.8 

Jan Feb (4) 37. 1 22.7 61.7 63.5 26.2 24.0 36.7 17.9 29.6 30.6 30.5 21.8 95.1 

Mar Apr (5) 19.5 30.8 98.5 24.4 18.3 34.1 23.0 25.0 39.5 37.7 32.0 40.2 
May Jun (6) 63.6 25.1 21.3 26.6 41.2 55.0 40.9 37.4 37.5 47.9 

Average 41.8 34.8 62.7 84.2 25.9 19.9 40.2 34.5 40.3 42.1 41.6 32.8 56.2 
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Table D-8. Total herbage production in kg/h for fertilized and unfer
tilized irrigation treatments at The Research Ranch, Elgin, 
Arizona, 1971 and 1972. 

Irrigation 
treatment 

1971 1972 

Unfertilized Fertilized Unfertilized Fertilized 

ksA ks/h k«A kg/h 

Control 274 380 209 252 

Sept Oct 438 443 306 544 

Nov Dec 257 414 230 426 

Jan Feb 362 375 287 523 

Mar Apr 311 545* 415 634 

May June 320 405 292 432 

July Aug 374 539* 373 674* 

Average 349 443 302 498 

*. Means followed by the * are significantly different from the un
fertilized control (P < .05). 
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Table D-9. Blue grama, sprucetop grama, and poverty threeawn shoots, 
shoots producing seedheads, and percent of shoots producing 
seedheads per reproductive culm averaged across irrigation 
treatments collected at The Research Ranch, Elgin, Arizona, 
September, 1972. 

Shoots Percent of 
producing shoots producing 

Shoot type Shoots seedheads seedheads 

Fert. Unfert. Fert. Unfert. Fert. Unfert, 

Blue grama 

Primary 1.857 1.571 0.286 0.476 15.40 30.30 

Secondary 2.000 1.143 0.571 0.333 28.55 29.13 

Tertiary 0.429 0.095 0.000 0.048 00.00 00.00 

Total 4.286 2.809 0.857 0.857 20.00 30.51 

Sprucetop grama 

Primary 1.762 1.333 0.762 0.619 43.25 46.44 

Secondary 0.429 0.476 0.095 0.048 22.14 10.08 

Tertiary 0.000 0.000 0.000 0.000 00.00 00.00 

Total 2.291 1.809 0.857 0.667 38.19 36.87 

Poverty threeawn 

Primary 1.810 1.238 0.952 0.571 52.60 46.12 

Secondary 0.429 0.000 0.238 0.000 55.48 00.00 

Tertiary 0.238 0.095 0.000 0.000 00.00 00.00 

Total 2.477 1.333 1.190 0.571 48.04 42.84 



66 

Table D-10. Total live and dead plants recorded on fertilized plots in 
June, 1968, and on irrigated-fertilized plots in December, 
1971, at The Research Ranch, Elgin, Arizona. 

Species 

1968 Data 

Cover Composition 

% 7. 

1971 Data 

Cover Composition 
7. 7. 

Blue 
grama 

10.01 39.94 2.56 32.53 

Sprucetop 
grama 

8.90 35.51 3.77 47.90 

Poverty 
•threeawn 

6.15 24.54 1.54 19.57 

Total 25.06 99.99 7.87 100.00 

Dead 
plants 

4.80 
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Table D-ll. Percent live basal cover for fertilized and unfertilized 
irrigation plots, December, 1971, The Research Ranch, 
Elgin, Arizona. 

Irrigation treatments 

Control 2 3 4 5 6 7 

Unfertilized 

Dead 5.32 4.32 5.52 4.52 4.72 4.88 5.52 

Blue grama 1.32 2.32 2.24 1.52 2.64 2.64 2.40 

Sprucetop grama 3.12 5.00 3.12 4.20 3.00 2.84 3.04 

Poverty threeawn 
CS

J ^-
1 H
 1.80 1.20 1.72 1.20 1.60 1.24 

Total-live 5.56 9.12 6.56 7.44 6.84 7.08 6.68 

Fertilized 

Dead 4.64 4.40 4.60 5.04 4.20 3.64 5.80 

Blue grama 2.44 3.44 3.12 3.12 2.72 3.52 2.20 

Sprucetop grama 3.12 3.52 3.80 3.32 5.52 4.80 4.24 

Poverty threeawn 1.40 2.00 1.24 1.92 2.00 1.60 1.32 

Total-live 7.40 9.00 8.16 8.36 10.24 9.92 7.84 
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Table D-12. New shoots and tillers per reproductive culm for July 1971 
and 1972 samples for blue grama, sprucetop grama, and pov
erty threeawn, The Research Ranch, Elgin, Arizona. 

Irrigation treatments 

Control 2 3 4 5 6 

July 1971 

Blue 
grama 

New shoots 
Tillers 

1.66 
1.33 

.66 

.66 
2.33 
1.66 

1.66 
1.33 

2.33 
1.66 

1.00 
2.00 

Total 2.99 1.32 3.99 2.99 3.99 3.00 

Sprucetop 
grama 

New shoots 
Tillers 

.66 
1.66 

1.00 
.33 

1.00 
1.00 

.66 
2.00 

3.00 
1.00 

.00 

.00 
Sprucetop 
grama 

Total 2.32 1.33 2.00 2.66 4.00 .00 

Poverty 
threeawn 

New shoots 
Tillers 

.00 

.00 
.33 
1.00 

.00 

.00 
.33 
.66 

2.00 
1.66 

.33 

.66 

Total .00 1.33 .00 

July 

.99 

1972 

3.66 .99 

Blue 
grama 

New shoots 
Tillers 

2.50 
1.50 

2.00 
1.66 

2.33 
1.66 

2.16 
1.16 

2.00 
2.00 

1.83 
1.50 

Blue 
grama 

Total 4.00 3.66 3.99 3.32 4.00 3.33 

Sprucetop New shoots 
Tillers 

1.00 
1.66 

1.83 
.50 

1.50 
.66 

1.16 
1.50 

1.50 
2.16 

.83 

.50 

Total 2.66 2.33 2.16 2.66 3.66 1.33 

Poverty 
threeawn 

New shoots 
Tillers 

1.66 
2.33 

.50 

.66 
.83 
3.16 

1.16 
2.16 

1.33 
2.16 

.33 
1.33 

Total 3.99 1.16 3.99 3.32 3.49 1.66 
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Table D-13. Amount of supplemental water applied to irrigation treat
ments and the number of new shoots per reproductive culm 
for unfertilized irrigation treatments, The Research Ranch, 
Elgin, Arizona, 1970-1972. 

Treatments 
uate 

Control S-0 N-D J-F M-A M-J J-A 

Year of irrigation 

(cm) 
Supplemental water 

1970-1971 0.00 6.81 7.64 7.21 7.03 3.33 0.00 

1971-1972 0.00 1.68 1.91 7.82 8.03 2.54 10.92 

Total 0.00 8.49 8.55 15.03 15.06 5.87 10.92 

Sample date Blue grama new shoots 

Mar. 16, 1971 1.00 1.00 0.00 0.67 - - -

Apr. 24, 1971 1.33 0.33 1.00 0.33 1.00 - -

May 21, 1971 0.67 1.33 0.67 0.67 1.67 - -

June 16, 1971 2.00 1.33 0.00 1.00 1.67 0.67 -

July 14, 1971 1.67 0.67 2.33 1.67 2.33 1.00 -

Aug. 13, 1971 0.00 0.00 0.00 0.00 0.00 0.00 -

Sep 15, 1971 0.00 0.33 1.00 0.67 1.00 0.33 -

Oct. 21, 1971 1.67 2.00 0.33 0.67 2.66 1.66 -

Jan. 06, 1972 1.00 1.33 0.67 1.33 1.33 1.00 -

Mar. 30, 1972 1.00 1.33 1.33 2.33 1.66 1.00 -

July 24, 1972 2.67 2.33 3.33 1.33 2.00 1.67 -

Sep 22, 1972 0.00 0.67 0.00 1.33 0.67 0.67 1.00 

Sprucetop grama new shoots 

Mar. 16, 1971 0.00 0.33 0.67 0.00 - - -

Apr. 24, 1971 0.00 0.00 0.00 0.00 0.00 - -



Table D-13.—Continued 

Treatments 
Date 

Control S-0 N-D J-F M-A M-J J-A 

May 21, 1971 0.33 0.33 0.00 0.33 0.00 - -

June 16 1971 0.00 0.00 0.67 0.33 1.33 1.00 -

July 14 1971 0.67 2.67 1.00 0.67 1.67 0.67 -

Aug. 13 1971 0.00 0.00 0.00 0.00 0.33 0.00 -

Sep. 15 1971 0.00 0.00 0.33 0.00 0.33 0.00 -

Oct. 21 1971 1.00 0.67 1.33 0.00 0.00 0.33 -

Jan. 6 1972 0.67 0.67 0.33 0.67 0.33 0.33 -

Mar. 30 1972 0.33 0.33 0.67 0.33 1.00 1.00 -

July 24 1972 0.67 1.00 1.00 0.67 3.00 0.00 -

Sep. 22 1972 0.33 0.00 0.00 0.00 0.00 0.67 0.00 

Poverty threeavm new shoots 

Mar. 16 1971 0.33 0.00 0.00 0.00 - - -

Apr. 24 1971 0.00 0.00 0.00 0.00 0.33 - -

May 21 1971 1.00 0.00 0.00 0.00 0.00 - -

June 16 1971 0.00 0.00 0.00 0.00 0.00 0.00 -

July 14 1971 0.00 0.33 0.00 0.33 2.00 0.33 -

Aug. 13 1971 0.67 0.33 0.00 0.00 0.33 0.00 -

Sep. 15 1971 0.00 0.00 0.00 0.00 0.33 0.67 -

Oct. 21 1971 0.00 0.67 0.00 1.00 0.33 0.33 -

Jan. 6 1972 0.00 0.33 0.33 0.67 0.00 0.67 -

Mar. 30 1972 0.00 1.00 0.00 0.67 0.00 0.00 -

July 24 1972 1.67 1.00 1.33 1.00 1.33 0.67 -

Sep. 22 1972 0.00 0.00 0.00 0.00 0.00 0.00 0.67 
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