
EFFECTS OF SELECTED SEED TREATMENTS ON
GERMINATION RATES OF FIVE PLANT SPECIES.

Item Type text; Thesis-Reproduction (electronic)

Authors Weaver, Larrye Chris.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:42:30

Link to Item http://hdl.handle.net/10150/274997

http://hdl.handle.net/10150/274997


INFORMATION TO USERS 

This was produced from a copy of a document sent to us for microfilming. While the 

most advanced technological means to photograph and reproduce this document 

have been used, the quality is heavily dependent upon the quality of the material 

submitted. 

The following explanation of techniques is provided to help you understand 

markings or notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 

photographed is "Missing Page(s)". If it was possible to obtain the missing 

page(s) or section, they are spliced into the film along with adjacent pages. 

This may have necessitated cutting through an image and duplicating 

adjacent pages to assure you of complete continuity. 

2. When an image on the film is obliterated with a round black mark it is an 

indication that the film inspector noticed either blurred copy because of 

movement during exposure, or duplicate copy. Unless we meant to delete 

copyrighted materials that should not have been filmed, you will find a good 

image of the page in the adjacent frame. If copyrighted materials were 

deleted you will find a target note listing the pages in the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photo

graphed the photographer has followed a definite method in "sectioning" 

the material. It is customary to begin filming at the upper left hand corner of 

a large sheet and to continue from left to right in equal sections with small 

overlaps. If necessary, sectioning is continued again—beginning below the 

first row and continuing on until complete. 

4. For any illustrations that cannot be reproduced satisfactorily by xerography, 

photographic prints can be purchased at additional cost and tipped into your 

xerographic copy. Requests can be made to our Dissertations Customer 

Services Department. 

5. Some pages in any document may have indistinct print. In all cases we have 

filmed the best available copy. 

University 
Microfilms 

International 
300 N. ZEEB RD., ANN ARBOR, Ml 48106 





1 3 1 8 8 0 1  

W E A V E R *  L A R R Y E  C H P I S  
E F F E C T S  O F  S E L E C T E D  S E E D  T R E A T M E N T S  O N  
G E R M I N A T I O N  R A T E S  O F  F I V E  P L A N T  S P E C I E S ,  

T H E  U N I V E R S I T Y  O F  A R I Z O N A ,  M . S . #  1 9 8 2  

University 
Microfilms 

International 300 N. ZEEB RD„ ANN ARBOR, Ml 48106 





PLEASE NOTE: 

In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 

1. Glossy photographs or pages 

2. Colored illustrations, paper or print 

3. Photographs with dark background 

4. Illustrations are poor copy 

5. Pages with black marks, not original copy 

6. Print shows through as there is text on both sides of page 

7. Indistinct, broken or small print on several pages 

8. Print exceeds margin requirements 

9. Tightly bound copy with print lost in spine 

10. Computer printout pages with indistinct print 

11. Page(s) lacking when material received, and not available from school or 
author. 

12. Page(s) seem to be missing in numbering only as text follows. 

13. Two pages numbered . Text follows. 

14. Curling and wrinkled pages 

15. Other 

University 
Microfilms 

International 





EFFECTS OF SELECTED SEED TREATMENTS ON GERMINATION 

RATES OF FIVE PLANT SPECIES 

by 

Larrye Chris Weaver 

A Thesis Submitted to the Faculty of the 

SCHOOL OF RENEWABLE NATURAL RESOURCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN RANGE MANAGEMENT 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  2  



STATEMENT BY AUTHOR 

This thesis has been submitted in partial fulfillment of re
quirements for an advanced degree at The University of Arizona and is 
deposited in the University Library to be made available to borrowers 
under rules of the Library. 

Brief quotations from this thesis are allowable without special 
permission, provided that accurate acknowledgment of source is made. 
Requests for permission for extended quotation from or reproduction of 
this manuscript in whole or in part may be granted by the head of the 
major department or the Dean of the Graduate College when in his judg
ment the proposed use of the material is in the interests of scholar
ship. In all other instances, however, permission must be obtained 
from the author. 

SIGNED: 

APPROVAL BY THESIS COMMITTEE 

This thesis has been approved on the date shown below: 

G'. L. JORpftN ' Date 
Professor of Ran^e Management 

V c" T CMTTU 
/ j 7  / * " / /  

E. L. SMITH Date 
Professor of Range Management 

Jb- if, i 
P. R. OGDEtf Date 

Professor of Range Management 



ACKNOWLEDGMENTS 

I wish to thank Dr. Gilbert L. Jordan for his guidance during 

this study. He was never too busy to volunteer his help or offer 

pertinent suggestions. I am grateful to Dr. E. Lamar Smith and Dr. 

Phil R. Ogden for taking the time to serve on my committee and for 

contributing to the preparation of the final draft. 

I would also like to thank the people at the Soil Conservation 

Service Plant Material Center for their cooperation throughout the study 

and for providing seed for the project. 

Last, and most of all, I would like to thank my future wife, 

Nancy, for the sacrifices she made during the past year and a half in 

order that I could obtain my degree. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS vi 

LIST OF TABLES viii 

ABSTRACT x 

INTRODUCTION 1 

LITERATURE REVIEW 4 

Species Characteristics 4 
Lehmann Lovegrass (Eragrostis Lehmanniana Nees) 4 
Cochise Lovegrass {Eragrostis Lehmanniana Nees x 
Eragrostis triaophora Coss § Dur) 4 

Boer Lovegrass ('Eragrostis ourvula var. conferta) 5 
Blue Panicgrass (Paniaum antidotale) 6 
Four-wing Saltbush (Atriplex aanesaens) 6 

Germination Treatments 7 
Gibberellic Acid 8 
Potassium and Ammonium Nitrates 9 
Heat Dessication 10 
Combination Treatments 10 

Germination Rates 11 

METHODS AND MATERIALS 14 

Plant Materials 14 
Methods 14 
Data Collection 17 
Statistical Analysis 17 

RESULTS AND DISCUSSION 18 

Lehmann Lovegrass A-68, Lots 6101 and 6092 18 
Lehmann Lovegrass L-19 19 
Cochise Lovegrass 21 
Boer Lovegrass 21 
Blue Panicgrass 23 
Four-wing Saltbush 23 
Experiment One 26 

Gibberellic Acid 26 

iv 



V 

TABLE OF CONTENTS—Continued 

Page 

Potassium Nitrate 31 
Ammonium Nitrate 35 

Experiment Two 39 
Experiment Three 47 
Experiment Four 51 

CONCLUSION 59 

APPENDIX A: AVERAGE TOTAL NUMBER OF SEEDS GERMINATED FOR EACH 
ACCESSION-TREATMENT COMBINATION OF EXPERIMENTS ONE 
THROUGH FOUR 65 

LITERATURE CITED 72 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Typical germination curves for Lehmann lovegrass A-68, Lot 
6101 and Lot 6092 20 

2. Typical germination curves for Lehmann lovegrass L-19 and 
Cochise lovegrass 22 

3. Typical germination curves for Boer lovegrass A-84 and 
blue panicgrass 24 

4. Typical germination curve for four-wing saltbush 25 

5. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatments with gibberellic acid 27 

6. Germination curves for Boer lovegrass A-84 following treat
ments with gibberellic acid 29 

7. Germination curves for four-wing saltbush following treat
ment with gibberellic acid 30 

8. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatment with potassium nitrate 33 

9. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatment with ammonium nitrate 37 

10. Germination curves for heat treated seeds of Lehmann love
grass A-68 (Lot 6101) 41 

11. Germination curves for heat treated seeds of Lehmann love
grass A-68 (Lot 6092) 42 

12. Germination curves for heat treated seeds of Boer lovegrass 
A-84 44 

13. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatment with 1000 ppm of gibberellic acid ... 48 

14. Germination curves for Boer lovegrass A-84 seeds following 
treatment with 1000 ppm of gibberellic acid . 50 

vi 



vii 

LIST OF ILLUSTRATIONS--Continued 

Figure Page 

15. Germination curves for Boer lovegrass A-84 seeds following 
combination treatment of gibberellic acid and potassium 
nitrate ; 55 

16. Germination curves for Boer lovegrass A-84 seeds following 
combination treatment of gibberellic acid and ammonium 
nitrate 56 



LIST OF TABLES 

Table " Page 

1. Germination rates for seeds treated with various concen
trations of gibberellic acid during Experiment One, 
January 6-15, 1981 32 

2. Germination rates for seeds treated with various concen
trations of potassium nitrate solution during Experiment 
One, January 6-15, 1981 36 

3. Germination rates for seeds treated with various concen
trations of ammonium nitrate solution during Experiment 
One, January 6-15, 1981 40 

4. Germination rates for seeds pretreated with dry heat at 
70 C for 24 hours during Experiment Two, March 17-26, 
1981 46 

5. Germination rates for seeds treated with 1000 ppm of 
gibberellic acid solution during Experiment Three, May 
27-June 5, 1981 52 

6. Germination rates for seeds subjected to combination 
treatments of various concentrations of gibberellic acid 
plus potassium nitrate (KNO3) and gibberellic acid plus 
ammonium nitrate (NHi+NOs) during Experiment Four, June 9-18, 
1981 58 

7. Average number of seeds germinated from three replications 
of each accession treated with gibberellic acid during 
Experiment One, January 6-15, 1981 66 

8. Average number of seeds germinated from three replications 
of each accession treated with potassium nitrate during 
Experiment One, January 6-15, 1981 67 

9. Average number of seeds germinated from three replications 
of each accession treated with ammonium nitrate during 
Experiment One, January 6-15, 1981 . . . . 68 

10. Average number of seeds germinated from three replications 
of each accession pretreated with heat at 70 C for 24 
ho u r s  d u r i n g  E x p e r i m e n t  T w o ,  M a r c h  1 7 - 2 6 ,  1 9 8 1  . . . . . .  69  

viii 



ix 

LIST OF TABLES--Continued 

Table Page 

11. Average number of seeds germinated from three replications 
of each accession treated with 0 ppm and 1000 ppm of 
gibberellic acid during Experiment Three, May 27-June 5, 
1981 70 

12. Average number of seeds germinated from three replications 
of combination treatments on each accession during Experi
ment Four, June 9-18, 1981 71 

I 



ABSTRACT 

Seven lots of seed collected from five species were subjected to 

a variety of treatments in an attempt to improve the germination rate of 

each species. Species were selected because of their adaptability to 

arid environments and included Lehmann lovegrass, Cochise lovegrass, 

Boer lovegrass, blue panicgrass, and four-wing saltbush. Treatments in

cluded application of potassium and ammonium nitrates, gibberellic acid, 

combination treatments, and heat dessication. Experiments were conducted 

in a growth chamber at a temperature of 20 C. Treatments were replicated 

three times with each replication being composed of a 100-seed sample 

enclosed in a 100 x 22 mm petri dish on No. 3 Whatman filter paper. The 

greatest improvements of germination rates for Lehmann lovegrass and 

Boer lovegrass were obtained with heat dessication and gibberellic acid 

treatments. Very little to no improvement of germination rates was 

noted for Cochise lovegrass, blue panicgrass, or four-wing saltbush with 

any of the treatments tested in this study. 

x 



INTRODUCTION 

To facilitate the reestablishment of vegetative cover in the 

semi-arid to arid Southwest, a better understanding of plant adaptation 

mechanisms is required. In Arizona and other regions of the Southwest, 

more often than not, a shortage of water is the limiting factor to 

successful plant establishment (Jordan 1979). Because it is not economi

cally feasible in most instances to increase water supplies, the goal of 

research should be to more effectively utilize available moisture (Jordan 

1979). Such research should correlate the effects of limited moisture on 

seed germination, seedling establishment, and environmental factors that 

promote the survival of species. Knowledge gained in these areas would 

be directly applicable to improving range forage, developing wildlife 

habitats, and stabilizing critical areas. 

To further illustrate the problem, attempts to revegetate an area 

are often "hit" or "miss" situations. The "hits" occur only during 

select years when precipitation is high and evenly distributed over the 

growing season. The "misses" occur during years of low precipitation or 

when precipitation is poorly distributed. For example, total precipita

tion for the growing season, or even the whole year, may be high, but 

may occur as the result of a collection of large, individual storms. In 

this case a good stand of seedlings may appear following one of the storms 

only to die from drought when no subsequent storms occur during this 

critical seedling stage. 

1 
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In addition to the above situations, a third and more common one 

exists. During many years, precipitation occurs as several minor 

storms, with none generating enough soil moisture to allow germination 

of the viable seeds planted. This seems to include the majority of 

years in the semi-arid to arid Southwest, and should, therefore, receive 

major research efforts. For example: a species may require available 

moisture for four days before the first 50% of its viable seed population 

will germinate. However, if a storm produces only enough moisture to wet 

the soil for two or three days, the seeds will not germinate, or at most, 

only a very small percentage of them, leading to marginal success at best. 

By reducing the time it takes for a species to germinate (possi

bly to two or three days for the example above) it would be possible to 

reduce the soil moisture requirement of seeds for germination. This 

would allow more efficient use of available moisture and might result in 

a highly successful seedling establishment rather than marginal establish

ment . 

Research has been performed on food crops in attempts to improve 

their germination rates. However, such research on species utilized for 

Tangeland seedings has been negligible. In the past, dormancy has been 

broken and germination improved by both mechanical scarification and 

chemical stimulation of the germination process. However, most studies 

on adaptable rangeland species have dealt primarily with the determination 

of optimum temperatures for germination. While germination rates were 

affected in many of the studies, they were either not considered, not 

recorded, or not recognized as a possible controlling factor in arid 

land revegetation. Hence, even though it is recognized that the most 
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responsive species for seeding marginal range sites also have high rates 

of germination as considered from a qualitative aspect, no quantitative 

data exist for characterizing their germination rates. 

In order to initiate the process of gathering quantitative data 

on germination rates of rangeland species, two objectives were es

tablished for this study: 

1. To determine the germination rates of five species commonly-

used for revegetation of semi-arid to arid rangelands, 

watersheds, and critical areas. 

2. To determine treatments which' could increase germination 

rates of the five species utilized in this study. 



LITERATURE REVIEW 

Species Characteristics 

The five species utilized in this study were selected because all 

have individual, desirable qualities for revegetating semi-arid to arid 

rangelands. In addition, when all five species are seeded as a mixture, 

the probability of success when revegetating an area is greatly improved. 

These five species as a mixture represent both grasses and shrubs, cool-

season and warm-season growers, and plants which are both easy and diffi

cult to establish. All are fairly drought tolerant and yield good forage 

once established. 

Lehmann Lovegrass (Eragrostis Lehmanniana Nees) 

Lehmann lovegrass is a warm-season, slightly spreading grass in

troduced from the Union of South Africa in 1932 (USDA 1972, Kearny and 

Peebles 1951). Lehmann lovegrass is commonly used in the southwestern 

United States for rangeland seedings, groundcover along highways, and 

erosion control on critical areas. It is smaller and less cold tolerant 

than Boer lovegrass, but more easily established. In addition, Lehmann 

lovegrass seedlings volunteer and tolerate adverse conditions better 

than most lovegrass seedlings (USDA 1972). 

Cochise Lovegrass (Eragrostis Lehmanniana Nees x Eragvostis 
triaophora Coss § Dur) 

Cochise lovegrass is a robust, tufted, perennial bunchgrass in

troduced from South Africa in 1961 (Holzworth 1979, USDA 1979). From 

4 
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1961 to 1979 Cochise lovegrass was tested and further developed at the 

Soil Conservation Service (SCS) Plant Material Center in Tucson, Arizona. 

In addition, it was tested for several years under rangeland conditions 

in Cochise County, Arizona (Jordan 1971), and subsequently was released 

for commercial production in 1979. Therefore, Cochise lovegrass has not 

had the opportunity to be used extensively in the United States. 

Characteristics of this grass make it especially promising for 

rangeland seedings and erosion control on critical areas. Cochise love

grass is adapted to the same areas as Lehmann lovegrass, except that it 

is more cold tolerant and will grow at higher elevations. In addition, 

testing has shown that it establishes easier, yields more forage, and 

persists better than Lehmann lovegrass on many sites (Holzworth 1979, 

USDA 1979). 

Boer Lovegrass (Eragrostis ourvula var. aonferta) 
t 

Boer lovegrass is a warm-season bunchgrass introduced from the 

Union of South Africa in 1932 (USDA 1972). Boer lovegrass is palatable 

and drought resistant, but lacks cold tolerance. It is more difficult 

to establish than Lehmann lovegrass because it is believed to have a 

greater moisture requirement for germination of its seeds. However, once 

Boer lovegrass is established it is taller, more robust, more productive, 

and longer lived than Lehmann lovegrass. Boer lovegrass may be charac

terized by a compact "club head" panicle (Wright and Jordan 1970) and 

slightly curled leaf blades. Boer lovegrass is used for rangeland 

seedings and erosion control in the Southwestern United States. 
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Blue Panicgrass (Panioum antidotale) 

Blue panicgrass is a warm-season, sod-forming grass native to 

India (USDA 1972, Wright 1966). A discrepancy exists as to the origin 

of the first blue panicgrass introduced to the United States. According 

to Wright (1966) blue panicgrass was introduced from Lucknow, India. 

However, the SCS describes the origin as Australia (USDA 1972). Both 

list the date of introduction as 1912. 

Blue panicgrass is a tall-growing grass with stems five to eight 

feet in height, heavy basal growth, many panicle-bearing branches, and 

vigorous tillering from short, thick, bud-like rhizomes. The stems are 

leafy, branch at nodes, and produce open panicle inflorescences on 

numerous branches (Wright 1966). 

Blue panicgrass is a highly productive and nutritional forage 

which has a high level of drought tolerance. Research has shown that 

blue panicgrass can produce as much as 18 tons per acre (dry weight) with 

irrigation and nitrogen fertilization (Wright 1966). Forage production 

under rangeland conditions is much lower, but still enough to consider 

blue panicgrass as valuable range forage. However, establishment of 

satisfactory stands of blue panicgrass is difficult. 

Four-wing Saltbush (Atriplex aanesaens) 

Four-wing saltbush is probably the most widespread of all per

ennial species of Atriplex in North America (Stutz, Melby and Livingston 

1975). It is a native dioecious shrub which occurs widely on desert and 

foothill ranges in western America, and grows to heights of two to six 

feet (Plummer, Christensen and Monsen 1968). Four-wing saltbush is a 
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cool-season plant adapted to diverse soil and climatic conditions, and 

is found in association with creosotebush, sagebrush, pinyon, and some

times ponderosa pine (Kearney and Peebles 1951). It is prized as a 

browse plant due to its high palatability and its ability to sustain 

heavy grazing. In addition, four-wing saltbush provides cover and 

nesting sites for numerous species of wildlife, and is also valuable 

for stabilizing erosion on roadsides and other critical areas (Plummer 

et al. 1968). 

Germination Treatments 

Germination treatments selected for this study included treat

ments with gibberellic acid, potassium nitrate, ammonium nitrate, heat 

dessication, and combination treatments of gibberellic acid plus 

potassium nitrate and gibberellic acid plus ammonium nitrate. These 

particular treatments were selected because each has shown ability to 

improve the germination process for a wide variety of species. And in 

addition, except for heat dessication, none of these treatments have 

been performed on the species utilized in this study. Heat dessication 

has previously been performed on Lehmann lovegrass seeds (Haferkamp, 

Jordan and Matsuda 1977). 

The use of germination-stimulating treatments as those mentioned 

above, as well as numerous others, have been widely accepted for many 

years in disciplines such as agronomy and horticulture. It is now time 

to consider them as possible means for improving rangeland productivity. 



Gibbexellic Acid 

Gibberellins are plant growth regulators that occur in all 

plants. There are at least thirty-seven known gibberellins (Lang 1970). 

No one plant has been found to contain all of them, but all plants con

tain at least one of them (Sosebee 1977). Hence, the exogenous appli

cation of different gibberellins often results in different responses 

for individual species. The most common gibberellin, GA^, was utilized 

in this study. 

Gibberellic acid stimulates the initiation of the germination 

process (Van Overbeek 1966) and has been found to increase rates of 

germination, and stimulate seedling growth (Hartmann and Kester 1968). 

It has been utilized for overcoming effects of high osmotic pressure, 

high salt concentrations, water-imposed dormancy, and as a substitute 

for chilling (Austin et al. 1972). In addition, gibberellic acid has 

substituted for vernalization (Donoho and Walker 1957) and photoperiodism 

(Wareing and Saunders 1971) in some species. 

Research with barley seeds has found that gibberellins induce 

synthesis of hydrolytic enzymes such as a-amylase within the aleurone 

layer (Jones 1973). Amylase production has been found to be associated 

with germination of barley seeds (MaGuire 1972). The a-amylase is 

secreted into the endosperm where stored substrates are hydrolyzed and 

subsequently translocated to the growing embryo to enhance seedling 

development (Jones 1973). The germination of seeds of other species is 

similar to that of barley (Sosebee 1977). 
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Potassium and Ammonium Nitrates 

Seeds are usually equipped with the essential mineral elements to 

make the seedling independent of external supply for a considerable 

amount of growth. However, the nitrate ion has been frequently reported 

as exerting marked stimulation on seed germination of a large number of 

species (Koller 1972). The most important factors in breaking dormancy 

are frequently listed as light, temperature, and nitrate ions (Rorison 

1972). 

Ammonium and potassium nitrates are often inhibitory to the 

germination process except in low concentrations where they have been 

found to promote germination of many species. The mechanism by which 

ammonium nitrate influences germination is not understood (Hendricks and 

Taylorson 1972). Potassium nitrate has been found to promote germination 

of light sensitive seeds, possibly by reducing the light energy require

ments of the seeds (Olatoye and Hall 1972). 

Seeds are often pretreated with chemicals to obtain rapid and 

complete germination. Dilute solutions of both potassium nitrate (MaGuire 

1972, Hartmann and Kester 1968) and ammonium nitrate (Hendricks and 

Taylorson 1972) are utilized on seeds for this purpose. Research with 

Kentucky bluegrass seed found potassium nitrate improved germination 

percentages by as much as 21 percent (MaGuire 1969). Studies on tobacco 

seed found both ammonium nitrate and potassium nitrate significantly in

creased germination percentages (Hashimoto 1961). 



10 

Heat Dessication 

Heat dessication has proven to be effective for improving 

germination rates and percentages for many species. Dormancy in seeds 

of various species of Malva was markedly reduced by brief exposures to 

fairly high temperatures (60-80 C) in a well-ventilated oven (Koller 

1972). Research on Rhus ovata seeds found that germination reached 38 

percent on burned sites in southern California, whereas germination 

reached only 1 percent on non-burned control sites (Stone and Juhren 

1951). Temperatures at seed depth on the burned site reached 70-80 C. 

A study on lucerne seed found that hard seed content was markedly re

duced following heat dessication at 41 C for five days (Ellis and 

Palmer 1972). Downy bromegrass was found to exhibit a stimulation in 

rate of germination following heat dessication at 130 C for one hour 

(Maun 1977). In addition, oven drying of seed at 70 C for 24 hours has 

proven to be an effective means to increase the germination of Lehmann 

lovegrass seeds (Haferkamp and Jordan 1977, Haferkamp et al. 1977). 

Heat dessication is believed to result in increase permeability 

of the seed coat to water and oxygen (Haferkamp et al. 1977, Koller 1972, 

Stone and Juhren 1951), or possibly a change in the metabolic state of 

the seed (Haferkamp et al. 1977). 

Combination Treatments 

The use of gibberellic acid plus potassium nitrate and gibberellic 

acid plus ammonium nitrate might significantly improve the germination 

process over the use of one of these solutions alone. Research has found 

that combinations of these solutions have produced significant improvements 
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in germination percentages of tobacco seed compared to the use of one of 

these solutions alone (Hashimoto 1961). 

Germination Rates 

Germination data are often published as total percentage germi

nated accompanied with information on the time required for the stated 

percentages to be reached (Timson 1965); a typical example being 78 

percent germination in 10 days. This information is useful, but lacks 

any indication concerning how rapidly the seeds germinated. The speed 

at which seeds germinate, or rate of germination, is a key characteristic 

for determining plants adaptable to arid environments. The higher the 

rate of germination, the more efficiently plants will make use of avail

able moisture in the soil, thereby greatly improving their chances for 

survival. 

The concept of germination rates is not new, but the effective 

utilization of germination rates is still being developed (Kotowski 1926, 

Hagarty 1972). Germination rates can be affected by numerous factors 

including: age and viability of the seed, germination temperature, 

hereditary influences, mechanical scarification, application of chemicals, 

and many more. 

Determination of germination rates requires tedious counting of 

germinated seeds at set intervals for a predetermined period of time. 

The length of intervals and test periods are species specific. If a 

species is a rapid germinator the intervals may only be 12 hours apart 

and the test period may be only 5 days in length. A slow germinating 
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species may require counting at 24 to 48 hour intervals over a period of 

21 days. 

Germination rates may be obtained many ways. The most common 

means of determining germination rates are through use of equations or 

by plotting the time to a given percent germination on a graph of a 

cumulative germination curve. In order to study physiological responses 

of seeds to various chemical treatments, it is necessary that the germi

nation rate reflect both changes in rate of germination and total 

germination (Goodchild and Walker 1971). However, to date no equation 

has been developed that effectively reflects both together. The equa

tions studied for possible use in this study reflected rate of germina

tion, but related poorly to total germination. This can be illustrated 

in a case where total germination of a species might be drastically re

duced by an inhibitory treatment, but the germination rate is not. This 

happens when germination of the total number of seeds germinated occurs 

in the same relative proportions per time interval for both the inhibi

tory treatment and the control. For example: the control treatment 

might result in 60 total seeds germinated, 15 seeds at 24 hours, 15 at 

36 hours, 15 at 48 hours, and 15 at 60 hours. In contrast, the inhibi

tory treatment might result in only 24 seeds germinated. But, if 6 seeds 

germinate at each of the four time intervals, the germination rates for 

both treatments will be the same. 

The germination equation used in this study consisted of the 

following formula (Gulliver and Heydecker 1972): 
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CRG = „,5n ^ x 100 
E(Hxn) 

where 

CRG = Coefficient of Rate of Germination. 

n = The number of seeds germinating at hour (H) of reading. 

H = The number of the hour, counted from the hour of 

sowing. 

The figures obtained for the CRG's are relative figures which may be 

used to compare the germination rates of different species or rates of 

a species subjected to different treatments. The higher the CRG, the 

shorter the time to germination. The CRG is also the equivalent to 

100 x the reciprocal of the Mean Time to Germination (MTG) in hours, or 

the time it takes 50 percent of the seeds to germinate. Thus, the MTG 

can be derived from the CRG's reported in this study by dividing 100 by 

the CRG. 



METHODS AND MATERIALS 

Plant Materials 

Sample packets from six accessions (ecotypes) of seed were pro

vided by the SCS Plant Material Center in Tucson, Arizona, for use in 

this study. Accession A-130 of blue panicgrass was harvested as Lot 

6060 in October of 1978. Accession NM-155 of four-wing saltbush was 

harvested as Lot 6017 in April, 1977. Lot 4934 of Accession A-84 of Boer 

lovegrass was harvested in October, 1970, and Cochise lovegrass was 

harvested as Lot 6200 in September of 1980. Two Accessions, A-68 and 

L-19, of Lehmann lovegrass were studied. Accession A-68 is commercially 

available and has been the Accession utilized for reseeding efforts in 

the Southwest. Accession L-19 was developed as a more cold-tolerant 

variety, but has not been released for commercial production. Two lots 

of Accession A-68 were studied, Lots 6092 and 6101, which were harvested 

in July and October of 1979, respectively, at the SCS Plant Material 

Center. The Lot number was not known for Accession L-19. The date of 

harvest was believed to be approximately 1967. 

Methods 

The large number of seeds involved in this study required division 

of the study into four experiments. The first experiment, conducted from 

January 6-15, 1981, studied the effects of exogenous applications of 

gibberellic acid, potassium nitrate, and ammonium nitrate solutions on all 
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of the accessions. Gibberellic acid (GA^) was applied at rates of 5 

ppm, 50 ppm, and 500 ppm. Potassium nitrate and ammonium nitrate were 

applied at molar (M) concentrations of .02 M, .04 M, .08 M, and .16 M. 

The second experiment, conducted from March 17-26, 1981, in

volved heat dessication of the seeds with dry heat prior to germination 

tests. Heat dessication was accomplished by oven drying seed samples 

from each accession at 70 C for 24 hours. 

The third experiment was an expansion of the first experiment 

and was conducted from May 27 to June 5, 1981. Results obtained from 

the 500 ppm concentration of gibberellic acid solution indicated that 

increased germination rates could possibly be obtained by using a higher 

concentration of gibberellic acid. Therefore, it was decided to germi

nate each of the accessions in a 1000 ppm concentration of gibberellic 

acid solution. 

The fourth and final experiment, conducted from June 9-18, 1981, 

involved combination treatments of gibberellic acid and potassium nitrate 

or gibberellic acid and ammonium nitrate. Combination treatments were 

derived individually for each accession based upon the optimum germina

tion rates obtained for each accession from earlier experiments. 

Prior to germination seeds were run through a seed blower. The 

blower removed the less dense seeds, as well as trashy material, and 

left a more uniform seed population for testing. This procedure reduced 

some of the variation within the seed source and allowed the effects of 

the treatments to be more easily observed (Jordan 1980). 

All of the germination experiments were conducted in the con

trolled environment of a growth chamber at a constant temperature of 20 C. 
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Prior to initiating the four experiments, a trial germination test was 

conducted in order to become familiar with the germination characteris

tics of the accessions involved and the techniques involved with running 

germination tests. This trial was necessary to develop consistent 

techniques in counting germinated seeds for each of the accessions. 

A total of three 100-seed samples were counted for each of the 

accession-treatment combinations of the experiments. The 100-seed 

samples were stored in small vials until initiation of the experiment. 

Germination tests were conducted on No. 3 Whatman filter paper 

enclosed in a 100 x 22 mm petri dish. Each petri dish was labeled 

according to species and lot number and randomly assigned a number that 

corresponded to a numbered space on a shelf of the growth chamber. This 

randomization was intended to reduce the effects of possible slight 

temperature variations within the growth chamber. 

A suitable moisture regime for germination of all accessions, 

with the exception of four-wing saltbush, was obtained by wetting the 

filter paper with 2.5 ml of the germination solution. Filter paper for 

four-wing saltbush received 3.5 ml of solution due to the larger seed 

size and greater ability of four-wing saltbush to imbibe water. All 

germination solutions were applied to the filter paper with an adjustable 

10 ml syringe filled with either 2.5 or 3.5 ml. 

After wetting the filter paper, three 100-seed samples were 

transferred from the storage vials to the surfaces of the wet filter 

papers. Hence, there was a total of three replications of each accession-

treatment combination for each experiment. The control for each experi

ment consisted of three 100-seed samples placed on top of filter papers 
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moistened with tap water. If the filter paper required rewetting at 

some stage of the experiment, distilled water was used for all treat

ments except the controls or heat treatments. Rewetting of the latter 

two treatments was accomplished with tap water. 

Data Collection 

Germination counts were made over a period of nine days for each 

experiment. Readings were recorded at 24, 36, 48, 60, 72, 84, 96, 108, 

120, 144, 168, 192, and 216 hours. 

Seeds were removed from the petri dishes following germination 

to avoid duplicate countings of the same seed. For purposes of this 

study, germination was defined as the point at which one could observe 

emergence of the radicle from the seed coat. Germination rates were 

determined from the previously mentioned formula (Gulliver and Heydecker 

1972). 

Statistical Analysis 

The experiments were set up in a complete random design. Analysis 

of Variance (ANOVA) was conducted on each experiment to determine if sig

nificant differences existed between species and treatments. Least 

Significant Differences (LSD) tests were conducted at the .05 and .01 

level of significance to determine differences between controls and 

treatments. 



RESULTS AND DISCUSSION 

Lehmann Lovegrass A-68, Lots 6101 and 6092 

Lot 6101 was harvested in October, 1979, while Lot 6092 was 

harvested in July, 1979; both were harvested at the SCS Plant Material 

Center in Tucson, Arizona. Because both lots were from Accession A-68 

and harvested during the same year, it was believed that both would 

have approximately the same germination rates and germination curves. 

However, this was not the case. During the course of the study germi

nation of Lot 6101 controls produced germination rates which varied 

from 1.60 to 2.01, yielding an average germination rate of 1.76. In 

contrast, Lot 6092 produced germination rates which varied from 1.30 to 

1.46, with an average rate of 1.39. Additionally, the average total 

percent of seeds germinated for the controls of the four experiments 

varied from 90.7 to 96.9 percent for Lot 6101, an overall average of 94.9 

percent. While the variation was 44.3 to 63.3 percent for Lot 6092, for 

an overall average of 53.9 percent. (See Appendix A, Tables 7-12 for 

total number of seeds germinated for each accession-treatment combination 

of the four experiments.) These are substantial differences considering 

that both Lots 6101 and 6092 are of the same species and accession, and 

harvested the same year. The germination curves for Lots 6101 and 6092 

also presented a sharp contrast. The seeds in Lot 6101 reached peak 

germination at approximately 48-72 hours, and then germination rapidly 

declined. However, Lot 6092 seemed to have three major germination peaks 
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and a minor one, all being spread from 36 to 144 hours. The seeds from 

Lot 6092 gave the appearance of being composed of several different 

populations, each having a different peak germination time. Typical 

germination curves for Lots 6101 and 6092 may be viewed in Figure 1. 

The cause of lower germination rates of Lot 6092 may possibly be 

related to several factors. It has been found that seeds produced under 

long-day conditions have much thicker seed coats, which inhibits germi

nation by mechanical resistance to embryo expansion (Koller 1972). In 

Turkey, Spain, and parts of France hot dry winds are reported to de

crease yield and germination because they interfere with fertilization 

or kill developing embryos (Scott and Longden 1972). It has also been 

found that seeds produced from mother plants under the influence of 

shorter daylengths tend to have higher germination rates than seeds pro

duced under longer daylengths. This may possibly be correlated with a 

higher gibberellic acid concentration in the seeds produced under the 

influence of the shorter daylengths (Gutterman 1972). In addition, seeds 

subjected to higher temperatures and intensities of sunlight tend to 

deteriorate on the plant more rapidly (Harrington 1972). All of the 

above factors would be applicable to the lower germination rate of Lot 

6092 versus Lot 6101. 

Lehmann Lovegrass L-19 

Accession L-19 of Lehmann lovegrass produced germination rates 

slightly higher than Lot 6092, but considerably lower than Lot 6101 of 

Lehmann lovegrass A-68. During the course of the study the germination 
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of L-19 controls produced germination rates which varied from 1.35 to 

1.54, which yielded an average germination rate of 1.46. Figure 2 de

picts a typical germination curve for L-19. 

Cochise Lovegrass 

Cochise lovegrass was found to germinate the fastest of all 

accessions tested in this study. Germination of Cochise lovegrass 

controls resulted in greater than 80 percent of the viable seeds germi

nating within 48 hours of initial inhibition. Germination rates varied 

from 2.36 to 2.82, with an average rate of 2.59. Results of this study 

also indicated that germination of Cochise lovegrass seeds may be light 

sensitive. Shorter daylengths in January and March yielded germination 

rates of 2.38 and 2.36, respectively, whereas the longer daylengths of 

late May and early June resulted in germination rates of 2.82 and 2.81, 

respectively. In addition, the average total percent of seeds germinated 

for the controls of the four experiments increased with daylength from 

55.7 to 64.1 to 71.3 to 77.0. However, this hypothesis required further 

testing to be verified. Figure 2 displays a typical germination curve 

for Cochise lovegrass. 

Boer Lovegrass 

In contrast to Cochise lovegrass, Boer lovegrass was the slowest 

germinating species of those tested in this study. Germination of Boer 

lovegrass controls resulted in germination rates which varied from 0.76 

to 0.85, and averaged 0.82. Boer lovegrass, similar to Lot 6092 of 

Lehmann lovegrass, appeared to contain two separate populations of 
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germinating seed. The first population reached peak germination at 

approximately 108 hours, while the second, larger population peaked at 

144 houTS. Figure 3 depicts a typical germination curve for Boer love-

grass. 

Blue Panicgrass 

Germination of blue panicgrass seed controls resulted in germina

tion rates which varied from 1.06 to 1.22. The average germination rate 

was 1.16. Figure 3 displays a typical germination curve for blue panic-

grass. 

Four-wing Saltbush 

Four-wing saltbush was the only shrub tested in this study and 

also was the second slowest germinating of all species tested. Germina

tion of four-wing saltbush controls produced rates which varied from 0.90 

to 1.11. The average germination rate was 1.01. The germination curve 

for four-wing saltbush was very erratic and was composed of four differ

ent peak periods of germination. Figure 4 illustrates a typical germina

tion curve for four-wing saltbush. 

It should be pointed out that a low germination rate is not 

nearly as critical for a cool-season germinator like four-wing saltbush 

as it is for the other warm-season species tested in this study. In the 

fall to spring season, soil moisture is high from winter precipitation 

and low evaporation rates. Hence, four-wing saltbush has the luxury of 

being able to germinate more slowly. 
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Experiment One 

Experiment One was conducted from January 6-15, 1981, and in

volved the application of germination solutions composed of various 

concentrations of gibberellic acid, potassium nitrate, and ammonium 

nitrate. In keeping with the trend observed in the literature, concen

trations of gibberellic acid were reported in parts per million (ppm) 

and concentrations of nitrate solutions were expressed as molar (M) 

solutions. 

Gibberellic Acid 

Gibberellic acid was applied at concentrations of 0 ppm, 5 ppm, 

50 ppm, and 500 ppm. Application of gibberellic acid to Lot 6101, 

Accession A-68 of Lehmann lovegrass improved germination rates signifi

cantly (.05 level of significance) at concentrations of 5 ppm and 50 ppm. 

A germination rate of 1.87 was obtained for both the 5 ppm and 50 ppm 

concentrations, compared to 1.71 for the control (0 ppm). The 500 ppm 

concentration of gibberellic acid yielded a rate of 1.81. Figure 5 de

picts the germination curves for Lot'6101 following treatment with 

gibberellic acid. 

In contrast, though both lots are of the same species and ac

cession, Lot 6092 showed no improvement of germination rates when treated 

with gibberellic acid. At the 0 ppm, 5 ppm, 50 ppm, and 500 ppm levels 

of concentration of gibberellic acid, Lot 6092 yielded germination rates 

of 1.46, 1.47, 1.41, and 1.34, respectively. 

Accession L-19 of Lehmann lovegrass was found to have germination 

rates of 1.47, 1.49, 1.52, and 1.58 for the 0 ppm, 5 ppm, 50 ppm, and 500 
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ppm concentration levels of gibberellic acid, respectively. These rates 

were not significantly different. 

Treatment of Cochise lovegrass seed with gibberellic acid at the 

0 ppm, 5 ppm, 50 ppm, and 500 ppm concentration levels yielded germina

tion rates of 2.38, 2.49, 2.41, and 2.23, respectively. None of these 

rates were significantly different. 

Treatment of the Boer lovegrass seed with 500 ppm concentration 

of gibberellic acid yielded a germination rate of 1.07, which was a 

highly significant (.01 level of significance) improvement of rate. The 

0 ppm, 5 ppm, and 50 ppm concentrations of gibberellic acid resulted in 

nonsignificant differences among germination rates of 0.85, 0.92, and 

0.94, respectively (Figure 6). A tre'.id for improved germination rates 

with higher concentrations of gibberellic acid seemed to indicate that 

higher germination rates might possibly be attained with increases in 

concentration of gibberellic acid. 

Blue panicgrass was not influenced by gibberellic acid. Germina

tion rates of 1.13, 1.17, 1.17, and 1.10 were obtained for the 0 ppm, 5 

ppm, 50 ppm, and 500 ppm concentrations of gibberellic acid, respectively. 

Treatment of four-wing saltbush with 50 ppm of gibberellic acid 

solution resulted in a significant improvement of germination rate to 

1.22 (Figure 7). A closer examination of the germination curves indicated 

that the control population of seeds experienced three peak germination 

periods. The first at 60 hours, the second at 84 hours, and the final one 

at 144 hours. In contrast, the seed population treated with 50 ppm of 

gibberellic acid experienced only two major peaks, one from 48 to 60 
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Figure 6. Germination curves for Boer lovegrass A-84 following treatments 
with gibberellic acid. 

**Germination rate improved over the control at .01 level of 
significance. 
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Figure 7. Germination curves for four-wing saltbush following treatment 
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significance. 
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hours and the other at 84 hours. A third peak also occurred at 144 

hours, but was greatly reduced compared to the one occurring in the 

control population. The reduction of the third peak indicated that the 

increased germination rate was a result of the 50 ppm gibberellic acid 

solution stimulating seeds which would have normally germinated at 144 

hours. Application of 0 ppm, 5 ppm, and 500 ppm of gibberellic acid 

solution yielded germination rates of 1.05, 1.15, and 1.07, respectively. 

Table 1 summarizes the germination rates obtained from the 

application of 0 ppm, 5 ppm, 50 ppm, and 500 ppm of gibberellic acid 

solution on the accessions tested in Experiment One. 

Potassium Nitrate 

Potassium nitrate was applied at molar concentrations of 0 M, 

.02 M, .04 M, .08 M, and .16 M. Treatment of Lot 6101, Lehmann lovegrass 

with .02 M potassium nitrate resulted in a germination rate of 1.97, a 

highly significant improvement (Figure 8). The 0 M, .04 M, and .08 M 

concentrations of potassium nitrate yielded germination rates of 1.71, 

1.83, and 1.73, respectively (not significantly different). The .16 M 

concentration severely inhibited (.01 level of significance) the germi

nation rate of Lot 6101 and resulted in a rate of 1.46. 

A highly significant reduction of germination rates of Lot 6092 

of Lehmann lovegrass A-68 was obtained when seeds were treated with .04 

M, .08 M, and .16 M potassium nitrate solution, yielding germination 

rates of 1.20, 1.20, and 1.00, respectively. Application of the .02 M 

solution of potassium nitrate resulted in a germination rate of 1.35, 

which was not statistically different than the rate of 1.46 for the con

trol . 



Table 1. Germination rates for seeds treated with various concentrations of gibberellic acid during 
Experiment One, January 6-15, 1981. 

Species Gibberellic Acid Control 

5 PPM 50 PPM 500 PPM 

Lehmann Lovegrass A-68 Lot 6101 1.87* 1.87* 1.81 1.71 

Lehmann Lovegrass A-68 Lot 6092 1.47 1.41 1.34 1.46 

Lehmann Lovegrass L-19 1.49 1.52 1.58 1.47 

Cochise Lovegrass 2.49 2.41 2.23 2.38 

Boer Lovegrass 0.92 0.94 1.07** 0.85 

Blue Panicgrass 1.17 1.17 1.10 1.13 

Four-wing Saltbush 1.15 1.22* 1.07 1.05 

*Significant difference within a species at .05 level of significance. 
**Significant difference within a species at .01 level of significance. 

04 N) 
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Treatment of Accession L-19 of Lehmann lovegrass with potassium 

nitrate resulted in no significant changes of germination rate at the .02 

M and .04 M concentrations, and severe inhibition of the rates at the 

.08 M and .16 M concentrations of potassium nitrate. The 0 M, .02 M, 

and .04 M concentrations of potassium nitrate yielded germination rates 

of 1.47, 1.36, and 1.33, respectively. The .08 M concentration resulted 

in a rate of 1.14, whereas the .16 M concentration resulted in a drop of 

germination rate to 0.81. 

The application of potassium nitrate at all concentrations 

severely inhibited the germination rate of Cochise lovegrass; the degree 

of inhibition increasing with the concentration of potassium nitrate 

solution. Germination rates obtained were 2.38, 2.16, 2.10, 1.75, and 

1.15 for the 0 M, .02 M, .04 M, .08 M, and .16 M concentrations of 

potassium nitrate, respectively. 

Boer lovegrass was not significantly affected by the application 

of potassium nitrate. Germination rates obtained were 0.85, 0.89, 0.89, 

0.85, and 0.71 for the 0 M, .02 M, .04 M, .08 M, and .16 M concentrations 

of potassium nitrate, respectively. 

Treatment of blue panicgrass with 0 M, .02 M, and .04 M potassium 

nitrate solutions resulted in germination rates of 1.13, 1.10, and 1.06, 

respectively, none of which were statistically different. The .08 M con

centration of potassium nitrate inhibited (.05 level of significance) the 

germination rate of blue panicgrass and resulted in a rate of 0.94. The 

.16 M potassium nitrate solution severely inhibited the germination rate 

and produced a rate of 0.77. 
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As with Boer lovegrass, potassium nitrate had little affect on 

the germination rate of four-wing saltbush. No significant differences 

in germination rates were found for any concentration of potassium 

nitrate. Germination rates obtained were 1.05, 1.12, 1.09, 0.94, and 

1.03 for the 0 M, .02 M, .04 M, .08 M, and .16 M potassium nitrate 

solutions, respectively. 

Table 2 summarizes the germination rates obtained from the appli

cation of 0 M, .02 M, .04 M, .08 M, and .16 M potassium nitrate solutions 

on each accession tested in Experiment One. 

Ammonium Nitrate 

Ammonium nitrate was applied at molar concentrations of 0 M, .02 

M, .04 M, .08 M, and .16 M. Treatment of Lot 6101 of Lehmann lovegrass 

with .02 M and .08 M ammonium nitrate solutions yielded highly significant 

increases of germination rates to 2.02 and 1.93, respectively (Figure 9). 

The .04 M concentration of ammonium nitrate resulted in a germination 

rate of only 1.80, which was not statistically different than the rate of 

1.71 for the control. However, as both the .02 M and .08 M concentra

tions generated highly significant increases in rate, it is felt that 

experimental error probably was the cause for the .04 M concentration not 

significantly increasing the germination rate. The .16 M concentration 

severely inhibited the germination rate of Lot 6101 and produced a rate 

of 1.38. 

Application of 0 M, .02 M, and .04 M solutions of ammonium nitrate 

to Lot 6092 of Lehmann lovegrass yielded germination rates of 1.46, 1.49, 

and 1.44, respectively, which were not statistically different. The .08 



Table 2. Germination rates for seeds treated with various concentrations of potassium nitrate solu
tion during Experiment One, January 6-15, 1981. 

Species Potassium Nitrate Control 

.02 M .04 M .08 M .16 M 

Lehmann Lovegrass A-68 Lot 6101 1.97** 1.83 1.73 1.46** 1.71 

Lehmann Lovegrass A-68 Lot 6092 1.35 1.20** 1.20** 1.00** 1.46 

Lehmann Lovegrass L-19 1.36 1.33 1.14** 0.81** 1.47 

Cochise Lovegrass 2.16** 2.10** 1.75** 1.15** 2.38 

Boer Lovegrass 0.89 0.89 ' 0.85 0.71 0.85 

Blue Panicgrass 1.10 1.06 0.94* 0.77** 1.13 

Four-wing Saltbush 1.12 1.09 0.94 1.03 1.05 

*Significant difference within a species at .05 level of significance. 
**Significant difference within a species at .01 level of significance. 

ON 
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Figure 9. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatment with ammonium nitrate. 

**Highly significant change in germination rate over the con
trol at the .01 level of significance. 
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M concentration of ammonium nitrate inhibited the germination rate of 

Lot 6092 and produced a rate of 1.31. The .16 M solution was severely 

inhibitory and yielded a germination rate of only 1.06. 

The germination rate of Accession L-19 of Lehmann lovegrass was 

not affected by the application of 0 M, .02 M, .04 M, and .08 M concen

trations of ammonium nitrate, yielding rates of 1.47, 1.45, 1.45, and 

1.35, respectively. The .16 M solution of ammonium nitrate severely 

inhibited the germination rate of L-19, yielding a rate of 0.92. 

Treatment of Cochise lovegrass seed with ammonium nitrate re

sulted in severe inhibition of the germination rates, with inhibition 

increasing with the increased concentration of ammonium nitrate. Germi

nation rates of 2.38, 2.05, 1.81, 1.66, and 0.84 were obtained for the 

0 M, .02 M, .04 M, .08 M, and .16 M concentrations of ammonium nitrate, 

respectively. 

Boer lovegrass was not significantly affected by the application 

of ammonium nitrate. Germination rates of 0.85, 0.97, 0.96, 0.91, and 

0.76 were obtained for the 0 M, .02 M, .04 M, .08 M, and .16 M ammonium 

nitrate solutions, respectively. 

The germination rate for blue panicgrass seed was severely 

inhibited by the application of .16 M ammonium nitrate solution, yielding 

a rate of 0.74 compared to 1.13 for the control. Treatment with .02 M, 

.04 M, and .08 M solutions of ammonium nitrate had no significant effect 

on the germination rate of blue panicgrass seed, yielding rates of 1.00, 

1.06, and 1.05, respectively. 

The germination rate of four-wing saltbush seed was not signifi

cantly affected by the application of ammonium nitrate at any 
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concentration. Germination rates obtained were 1.05, 1.06, 1.05, 1.11, 

and 0.94 for the 0 M, .02 M, .04 M, .08 M, and .16 M concentrations of 

ammonium nitrate, respectively. 

Table 3 summarizes the germination rates obtained from the 

application of 0 M, .02 M, .04 M, .08 M, and .16 M concentrations of 

ammonium nitrate on seeds of each of the accessions tested in Experiment 

One. 

Experiment Two 

Experiment Two was conducted from March 17-26, 1981, and involved 

heat dessication of seeds with dry heat prior to germination of the 

seeds.' Heat dessication was accomplished by oven drying seed samples 

from each accession at 70 C for 24 hours. 

The germination rate of Lot 6101, Accession A-68 of Lehmann love-

grass showed a highly significant improvement following heat dessication. 

With heat treatment the germination rate jumped to 2.90. This can be 

compared to 1.60 for the control (Figure 10). The germination rate of 

2.90 was the highest germination rate obtained for any species during 

the entire study. 

The only treatment Lot 6092 of Lehmann lovegrass responded to was 

heat dessication. The control sample of seeds from Lot 6092 experienced 

four separate peak germination periods from 36 to 144 hours (Figure 11). 

Following heat dessication the four peak germination periods of the con

trol united and shifted sharply to the left, peaking from 36 to 72 hours. 

The germination rate of 2.31 for heat treated seed was a highly signifi

cant improvement over the control rate of 1.30. 



Table 3. Germination rates for seeds treated with various concentrations of ammonium nitrate solu
tion during Experiment One, January 6-15, 1981. 

Species 

.02 M 

Ammonium Nitrate 

.04 M .08 M .16 M 

Control 

Lehmann Lovegrass A-68 Lot 6101 2.02** 1.80 1.93** 1.38** 1.71 

Lehmann Lovegrass A-68 Lot 6092 1.49 1.44 1.31* 1.06** 1.46 

Lehmann Lovegrass L-19 1.45 1.45 1.35 0.92** 1.47 

Cochise Lovegrass 2.05** 1.81** 1.66** 0.84** 2.38 

Boer Lovegrass 0.97 0.96 0.91 0.76 0.85 

Blue Panicgrass 1.00 1.06 1.05 0.74** 1.13 

Four-wing Saltbush 1.16 1.05 1.11 0.94 1.05 

*Significant difference within a species at .05 level of significance. 
**Significant difference within a species at .01 level of significance. 
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Treatment 

70 C 
Control 

24 48 72 96 120 144 168 192 216 

Time of Germination (hours) 

Figure 10. Germination curves for heat treated seeds of Lehmann lovegrass 
A-68 (Lot 6101). 

**Germination rate improved over the control at the .01 level 
of significance. 
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Figure 11. Germination curves for heat treated seeds of Lehmann lovegrass 
A-68 (Lot 6092). 

**Germination rate improved over the control at the .01 level 
of significance. 
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The germination rates of both Accession L-19 of Lehmann love-

grass and Cochise lovegrass were not significantly affected by heat 

treatment. The germination rate for heat treated L-19 seed was 1.46 

compared to 1.35 for the control. Heat treated Cochise lovegrass seed 

yielded a germination rate of 2.35 versus 2.36 for the control. Even 

though neither accession experienced an increase in germination rate, 

both experienced substantial increases in total percent of seeds germi

nated. The average percent of seeds germinated for the control repli

cations of L-19 and Cochise lovegrass were 67.6 and 64.1, respectively. 

Following heat dessication, the average percent of seeds germinated for 

L-19 increased to 82.3. Germination percentage of heat treated Cochise 

lovegrass seeds jumped to 82.2. 

Heat dessication of Boer lovegrass seed produced a highly signi

ficant improvement of germination rate. The heat treated seed yielded 

a germination rate of 1.24, compared to 0.74 for the control seeds. The 

germination curve for heat treated Boer lovegrass seed was very similar 

in shape to that of the Boer lovegrass control (Figure 12). However, 

stimulation of the germination process by heat dessication caused the 

entire curve to shift to the left by approximately 48 to 60 hours. The 

germination rate of 1.24 received through heat treatment was the highest 

germination rate obtained for Boer lovegrass during the study. 

The germination rates for blue panicgrass and four-wing saltbush 

were not significantly affected by heat treating their seeds. Heat 

dessicated seed for blue panicgrass yielded a germination rate of 0.99, 

whereas the control seed produced a rate of 1.06. The germination rates 
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Treatment 
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Figure 12. Germination curves for heat treated seeds of Boer lovegrass 
A-84. 

**Germination rate improved over the control at .01 level 
of significance. 
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for heat treated four-wing saltbush seed and the control were 0.97 and 

0.98, respectively. 

Results of Experiment Two indicated heat dessication to be a 

promising treatment for improving germination rates of Accession A-68 

of Lehmann lovegrass and Boer lovegrass A-84. Heat dessication produced 

the highest germination rates of the study for Boer lovegrass and Lots 

6101 and 6092 of Accession A-68 of Lehmann lovegrass. In contrast to 

other treatments, there were no inhibitory effects from heat treatments 

on any species. These results are particularly pleasing due to the fact 

that heat dessication is also the easiest and cheapest manner of seed 

treatment used in this study. However, prior to declaring heat dessica

tion a positive means of assuring the presence of more seedlings in the 

field, more research must be conducted. For instance, the process of 

heat dessication may possibly occur naturally. Soil surfaces in the 

southwestern United States reach temperatures as high as 50-60 C. This 

may result in a natural dessication process. Additionally, it must be 

determined how long the heat dessication process is effective. In past 

experiments, heat dessication of lucerne seeds persisted for several 

years after treatment (Ellis and Palmer 1972). However, this may not be 

the case with Lehmann and Boer lovegrasses. In any event, the promising 

aspects of heat dessication in these grasses warrant further investiga

tion. 

Table 4 summarizes the germination rates obtained by heat dessi

cation of seeds for 24 hours at 70 C for each accession tested in Experi

ment Two. 
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Table 4. Germination rates for seeds pretreated with dry heat at 70 C 

for 24 hours during Experiment Two, March 17-26, 1981. 

Species 70 C for 
24 Hours 

Control 

Lehmann Lovegrass A-68 Lot 6101 2.90** 1.60 

Lehmann Lovegrass A-68 Lot 6092 2.31** 1.30 

Lehmann Lovegrass L-19 1.46 1.35 

Cochise Lovegrass 2.35 2.36 

Boer Lovegrass 1.24** 0.76 

Blue Panicgrass 0.99 1.06 

Four-wing Saltbush 0.97 0.98 

**Significant difference within a species at .01 level of signi
ficance . 
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Experiment Three 

Experiment Three was conducted from May 27 to June 5, 1981, and 

was an expansion of Experiment One. Results obtained from treatment of 

some of the species with 500 ppm of gibberellic acid solution indicated 

that a possible increase in germination rate might be attained through 

treatment of the seeds with a higher concentration of gibberellic acid. 

Hence, each accession was germinated in 1000 ppm gibberellic acid solu

tion in this experiment. 

Lot 6101 of Lehmann lovegrass A-68 showed a significant increase 

of germination rate when treated with 1000 ppm of gibberellic acid 

solution. The treated seed yielded a germination rate of 1.87 compared 

to 1.71 for the control (Figure 13). 

The germination rates for Lot 6092 of Lehmann lovegrass A-68 and 

Accession L-19 of Lehmann lovegrass were not significantly affected by 

treatment with 1000 ppm of gibberellic acid solution. Treatment of Lot 

6092 produced a rate of 1.36, whereas the control had a rate of 1.46. 

The germination rates for treated L-19 seed and its control were 1.55 

and 1.47, jespectively. 

Treatment of Cochise lovegrass seed with 1000 ppm of gibberellic 

acid solution severely inhibited the germination rate. The control seeds 

produced a germination rate of 2.82, while treated seeds yielded a rate 

of only 2.59. Though Cochise lovegrass did not experience an increase 

of germination rate following treatment with 1000 ppm of gibberellic 

acid, it did experience a substantial increase in total percent of seeds 

germinated. The average percent of seeds germinated for the three 
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Gibberellic Acid 
Treatment 

1000 ppm 
Control 

24 48 72 96 120 144 168 192 216 

Time of Germination (hours) 

Figure 13. Germination curves for Lehmann lovegrass A-68 (Lot 6101) 
following treatment with 1000 ppm of gibberellic acid. 

*Germination rate improved over the control at the .05 level 
of significance. 
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control replications was 71.3. Germination increased to 84.3 percent 

for the three replications of treated seed. 

Treatments of Boer lovegrass with gibberellic acid in Experiment 

One had produced higher germination rates with each increase in gibber

ellic acid concentration. Therefore, it was hypothesized that a solu

tion of 1000 ppm of gibberellic acid would produce an even greater 

improvement in germination rate. This hypothesis was verified by a 

highly significant increase in the germination rate following treatment 

with 1000 ppm of gibberellic acid solution. However, had these treat

ments been compared at the same time, the 1000 ppm treatment might not 

have been significantly better than the 500 ppm treatment. The treated 

seed yielded a germination rate of 1.13 compared to 0.84 for the control 

seeds. Treatment of Boer lovegrass seed with 1000 ppm of gibberellic 

acid stimulated germination very much like heat dessication, causing a 

sharp shift of the germination curve to the left (Figure 14). 

The germination rates for both blue panicgrass and four-wing 

saltbush seeds were not significantly affected by application of 1000 ppm 

of gibberellic acid solution. Germination rates of 1.15 and 1.22 were 

obtained for the treated and control seeds, respectively. Four-wing 

saltbush seeds treated with 1000 ppm of gibberellic acid produced a 

germination rate of 1.03 versus 1.11 for the control seeds. 

With two exceptions, it appeared that treatment with 1000 ppm of 

gibberellic acid was ineffective in improving the germination rates of 

the accessions tested in Experiment Three. Results of this experiment 

indicated that 1000 ppm of gibberellic acid was the optimum concentration 
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Figure 14. Germination curves for Boer lovegrass A-84 seeds following 
treatment with 1000 ppm of gibberellic acid. 

**Germination rate improved over the control at the .01 
level of significance. 
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of gibberellic acid tested in this study for improving the germination 

rate of Boer lovegrass. Therefore, future attempts at improving the 

germination rate of Boer lovegrass with gibberellic acid should involve 

concentrations of 1000 ppm, or possibly even greater concentrations. 

Treatment of Lot 6101 of Lehmann lovegrass A-68 with 1000 ppm of gibber

ellic acid also yielded a significant increase in germination rate. 

However, this same increase was also noted with 5 ppm and 50 ppm of 

gibberellic acid. Hence, from an economic standpoint, it would be 

better to treat Lot 6101 with 5 ppm of gibberellic acid. 

Table 5 summarizes the germination rates obtained through treat

ment with 1000 ppm of gibberellic acid solution for each accession 

tested in Experiment Three. 

Experiment Four 

Experiment Four was conducted from June 9-18, 1981, and involved 

combination treatments of gibberellic acid and potassium nitrate or 

gibberellic acid and ammonium nitrate. The combination treatments were 

derived.by combining treatments from Experiment One and Experiment Three 

which produced the highest germination rates for each accession. 

Lot 6101 of Lehmann lovegrass A-68 was treated with 50 ppm of 

gibberellic acid plus .02 M potassium nitrate solution, and 50 ppm of 

gibberellic acid plus .02 M ammonium nitrate solution. Neither of these 

treatments changed the germination rate significantly from the control 

germination rate of 2.01. Both the 50 ppm gibberellic acid solution 

plus .02 M potassium nitrate solution and the 50 ppm gibberellic acid 
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Table 5. Germination rates for seeds treated with 1000 ppm of gibber 
ellic acid solution during Experiment Three, May 27-June 5, 
1981. 

Species Gibberellic 
Acid 1000 ppm 

Control 

Lehmann Lovegrass A-68 Lot 6101 1.87* 1.71 

Lehmann Lovegrass A-68 Lot 6092 1.36 1.46 

Lehmann Lovegrass L-19 1.55 1.47 

Cochise Lovegrass 2.59** 2.82 

Boer Lovegrass 1.13** 0.84 

Blue Panicgrass 1.15 1.22 

Four-wing Saltbush 1.03 1.11 

*Significant difference within a species at .05 level of 
significance. 

**Significant difference within a species at .01 level of 
significance. 
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solution plus .02 M ammonium nitrate solution yielded germination rates 

of 1.97. 

Seed from Lot 6092 of Lehmann lovegrass A-68 was treated with 5 

ppm of gibberellic acid solution plus .02 M potassium nitrate, and 5 ppm 

of gibberellic acid solution plus .02 M ammonium nitrate. Both of these 

treatments appeared to improve the germination rate, but not signifi

cantly. The gibberellic acid and potassium nitrate combination produced 

a germination rate of 1.43. The gibberellic acid and ammonium nitrate 

combination increased the rate to 1.47. These germination rates can be 

compared to a rate of 1.35 for the control. 

Combination treatments of Accession L-19 of Lehmann lovegrass in

volved application of 1000 ppm of gibberellic acid plus .04 M ammonium 

nitrate, and 1000 ppm of gibberellic acid plus .02 M potassium nitrate. 

Neither treatment significantly changed the germination rates compared 

to the rate of 1.54 obtained for the control. The gibberellic acid and 

ammonium nitrate combination yielded a rate of 1.53. The gibberellic 

acid and potassium nitrate combination produced a similar rate of 1.56. 

Application of the combination treatments to seeds of Cochise 

lovegrass appeared to reduce the germination rates in comparison to the 

control germination rate of 2.81. However, neither of the rates obtained 

through the combination treatments were statistically different from the 

control at the .05 level of significance. Treatment with 5 ppm of gibber

ellic acid plus .02 M ammonium nitrate produced a germination rate of 

2.70, while 5 ppm of gibberellic acid and .02 M potassium nitrate yielded 

a rate of 2.72. 
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Treatment of Boer lovegrass seed with the combination treatments 

generated highly significant increases in germination rates in comparison 

to the control rate of 0.84. The mixture of 1000 ppm of gibberellic 

acid and .02 M potassium nitrate produced a germination rate of 1.10. 

Treatment with the solution of 1000 ppm of gibberelic acid and .02 M 

ammonium nitrate yielded a rate of 1.19. Both treatments united the two 

peak germination periods of the control seeds into one peak and shifted 

it to the left (Figures 15 and 16). 

Combination treatments of blue panicgrass utilized 50 ppm of 

gibberellic acid plus .04 M ammonium nitrate and 50 ppm of gibberellic 

acid plus .02 M potassium nitrate, and yielded germination rates of 1.20 

and 1.22, respectively. The control seeds for blue panicgrass produced 

a near-identical germination rate of 1.21. 

Combination treatments of four-wing saltbush seeds involved 50 

ppm of gibberellic acid plus .02 M ammonium nitrate, and 50 ppm of 

gibberellic acid plus .02 M potassium nitrate. Neither treatment signi

ficantly changed the germination rate over the control rate of 0.90. 

The gibberellic acid plus ammonium nitrate and gibberellic acid plus 

potassium nitrate combinations produced near-identical rates of 0.90 

and 0.92, respectively. 

The results of Experiment Four were not productive. As stated 

previously, it was hoped that combination of two different germination-

stimulating mechanisms would produce greater germination rates. The 

combination treatments significantly increased the germination rates for 

only one species, Boer lovegrass. However, the combination treatments 
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Figure 15. Germination curves for Boer lovegrass A-84 seeds following 
combination treatment of gibberellic acid and potassium 
nitrate. 

**Highly significant increase in germination rate over the 
control at the .01 level of significance. 
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Figure 16. Germination curves for Boer lovegrass A-84 seeds following 
combination treatment of gibberellic acid and ammonium nitrate. 

**Highly significant increase in germination rate over the 
control at the .01 level of significance. 
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were not significantly different from the rate of 1.13 obtained in 

Experiment Three through treatment with 1000 ppm of gibberellic acid 

alone. Therefore, it appears that the particular combination treatments 

of gibberellic acid plus ammonium nitrate or potassium nitrate tested 

on the accessions of this study were not effective combinations. 

Possibly a better approach to detect synergysm would have been to test 

very low concentrations of combinations of stimulants. 

Table 6 summarizes the germination rates obtained through the 

combination treatments for accessions tested in Experiment Four. 



Table 6. Germination rates for seeds subjected to combination treatments of various concentrations 

of gibberellic acid plus potassium nitrate (KNO3) and gibberellic acid plus ammonium 

nitrate (NH4NO3) during Experiment Four, June 9-18, 1981. 

Combination Germination Treatments 
Gibberellic Acid 

1000 ppm 
Gibberellic 

50 ppm 
Acid Gibberellic Acid 

5 ppm 
Control 

Species 
.02 M 
KNO3 

.02 M .04 M ' 
MVNO3 NH4N03 

.02 M .02 M 
KNO3 NH^NC^ 

.04 M 
NH^NOa 

.02 M 
KNO3 

.02 M 
NH^NOa 

Lehmann Lovegrass 
A-68 Lot 6101 1.97 1.97 2.01 

Lehmann Lovegrass 
A-68 Lot 6092 1.43 1.47 1.35 

Lehmann Lovegrass 
L-19 1.56 1.53 1.54 

Cochise Lovegrass 2.72 2.70 2.81 

Boer Lovegrass 1.10** 1.19** 
-

0.84 

Blue Panicgrass 1.22 1.20 1.21 

Four-wing Saltbush 0.92 0.90 0.90 

**Significant difference within a species at .01 level of significance. 



CONCLUSION 

Untreated Cochise lovegrass seed was found to be the fastest 

germinating seed of all untreated accessions tested, having an average 

germination rate over the four experiments of 2.59. This is equivalent 

to a MTG of 38.6 hours. The untreated Lehmann lovegrass seed of 

Accession A-68, Lot 6101 was the second fastest germinating seed with 

an average germination rate of 1.76, yielding a MTG of 56.8 hours. The 

next fastest germinating of the untreated seeds was Lehmann lovegrass 

L-19 (1.46), followed by Lehmann lovegrass A-68, Lot 6092 (1.39). The.se 

germination rates convert to MTG's of 68.5 and 71.9 hours for L-19 and 

Lot 6092, respectively. Untreated blue panicgrass seed and four-wing 

saltbush seed were slower germinators, having average rates of 1.22 and 

1.01, and MTG's of 82.0 and 99.0 hours, respectively. Boer lovegrass 

was the slowest germinating of all untreated seeds, having an average 

germination rate of only 0.82 and a MTG of 122.0 hours. 

Lot 6101 of Lehmann lovegrass was found to have a substantially 

higher germination rate than Lot 6092 (1.76 versus 1.39, respectively), 

even though both were from the same Accession, A-68, and harvested the 

same year, 1979. As discussed previously, this may be related to harvest 

of Lot 6101 in the fall (October) and harvest of Lot 6092 in the summer 

(July). The superiority of Lot 6101 over Lot 6092 seems to suggest that 

fall-harvested Lehmann lovegrass seed may have advantages over summer-

harvested seed for revegetation projects. However, additional research 

is required before this hypothesis can be confirmed. 

59 
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The difference in rates of two lots within the same species also 

points out that germination rates are not only species specific, but 

rather lot specific within a species as well. Such variations within 

species seems to support the need for determining germination rates of 

specific seed lots prior to selecting one for use of revegetation pro

jects in semi-arid to arid environments. It is obvious that Lot 6101 

would have a much greater chance of establishment than Lot 6092 if 

seeded under marginal conditions. However, without prior knowledge of 

germination rates, the benefits of this knowledge of greater adapta

bility could not be taken advantage of. Currently all seed commercially 

sold is classified by the Pure Live Seed (PLS) index. This index refers 

to the portion of a lot of seed that is live seed of the desired kind 

(Vallentine 1980). PLS takes into account the percent of pure seed in a 

lot and the total percent germination of the pure seed. This is valuable 

information, but it tells nothing about the vitality of the seeds in the 

lot. A standardized system of expressing germination rates of lots of 

seed, along with the PLS index, would give information pertaining to both 

the vitality of the seed and the total percent seed germination. Such 

information would be extremely helpful in selecting particular lots of 

seed for use in marginal habitats. 

Results of this portion of the study indicate, from the stand

point of speed of germination, that Cochise lovegrass would probably be 

the most successful (of the accessions tested) in producing a stand of 

seedlings in semi-arid to arid habitats. Probability of success in 

establishing a stand of seedlings is probably the second highest with 



Lot 6101 of Accession A-68 of Lehmann lovegrass, followed by Accession 

L-19 of Lehmann lovegrass, and then Lot 6092 of Accession A-68 of Lehmann 

lovegrass. Less chances of establishing a stand of seedlings would 

appear to result from using blue panicgrass and four-wing saltbush. The 

lowest chance would probably be with Boer lovegrass. 

Germination treatments show promise for improving the germina

tion rates of Lots 6101 and 6092, Accession A-68 of Lehmann lovegrass 

and Boer lovegrass. Gibberellic acid treatment was most effective on 

Boer lovegrass, reducing the MTG of 117.6 hours for the control to 93.5 

hours for the 500 ppm concentration and to 88.5 hours for the 1000 ppm 

concentration. This results in savings of 1 and 1.2 days for the germi

nation process of the seeds treated with 500 ppm and 1000 ppm of gibber

ellic acid, respectively, or decreases in germination time of 20 and 25 

percent, respectively. Treatment of Lot 6101 of Lehmann lovegrass with 

5 ppm, 50 ppm, and 1000 ppm of gibberellic acid all reduced the MTG of 

58.5 hours for the control to 53.5 hours, a decrease in germination time 

of 9 percent. Treatment at the 500 ppm concentration also increased the 

rate of Lot 6101, but not significantly at the .05 level of significance. 

Further research of the effects of gibberellic acid on Boer love

grass and Accession A-68 of Lehmann lovegrass is required. Different 

species should also be tested. In addition, prior to the application of 

gibberellic acid to seeds used for rangeland seedings, a better method 

of application of the gibberellic acid to the seeds must be developed. 

The method used in this study required soaking of the seeds in gibber

ellic acid solution. If this were applied to large masses of seed, it 



62 

would cause sticking and clumping of the seed together. Therefore, the 

seed would be useless for seeding by drilling or broadcasting. A 

possible solution to this problem is the application of gibberellic acid 

in a volatile solvent. The use of dichloromethane as a carrier has 

successfully allowed the incorporation of gibberellic acid into dry 

lettuce seeds (Austin et al. 1972). This method may be very useful for 

the treatment of seeds used for seeding of semi-arid to arid rangelands. 

The effects of ammonium nitrate and potassium nitrate were simi

lar in this study, and varied from stimulatory, to no effect, to toxic, 

with effects being highly species and lot specific. Potassium and 

ammonium nitrates show some potential for use as a pretreatment to im

prove the germination rate of Lot 6101 of Accession A-68, Lehmann love-

grass. The .02 M concentration of potassium nitrate reduced the MTG of 

58.5 hours for the control to 50.8 hours, an improvement of 13 percent 

in germination time. Application of ammonium nitrate to Lot 6101 seed 

at the .02 M and .08 M concentrations resulted in MTG's of 49.4 and 51.8 

hours, respectively. These MTG's were 15 and 11 percent improvements 

over the MTG of the control. However, like gibberellic acid, these two 

compounds were applied in solution. Hence, a different method of appli

cation for both potassium and ammonium nitrates must be developed before 

they can be applied to large quantities of seed prior to use for range 

seedings. 

Heat dessication appears to show the greatest potential for im

proving the germination rates of Accession A-68 of Lehmann lovegrass and 

Boer lovegrass. The MTG's for Lots 6101 and 6092 improved from 62.5 and 

76.9 hours for the controls to 34.5 and 43.3 hours, respectively, for 



heat treated seeds. These are improvements in germination time of 1.2 

and 1.4 days, or 45 and 44 percent for Lots 6101 and 6092, respectively. 

Boer lovegrass experienced an improvement of 39 percent or 2.1 days, in 

germination time under the influence of pretreatment at 70 C for 24 

hours. The NTTG for the control was 131.6 hours versus 80.6 hours for 

heat treated seed. Heat dessication would be ideal for pretreatment of 

seeds prior to rangeland seedings due to the simple methodology involved. 

The only item required is an oven, and treatment by heat leaves the seeds 

dry and ready for seeding by any method. However, at this time it is 

not known whether heat dessication occurs naturally through high soil 

temperatures found on semi-arid to arid rangelands. Therefore, this 

factor required further research prior to declaring heat dessication as 

a valid method for improving the germination rates of Lehmann and Boer 

lovegrasses. 

The combination treatments were not very productive, with only 

Boer lovegrass showing any improvement of germination rate. The combi

nation of 1000 ppm of gibberellic acid plus .02 M potassium nitrate re

sulted in an improvement in germination time of 24 percent over the 

control. The MTG's were 119.0 and 90.9 hours for the control and treated 

seed, respectively. The combination of 1000 ppm of gibberellic acid plus 

.02 M ammonium nitrate reduced the MTG to 84 hours, an improvement of 29 

percent. Neither of these improvements were substantially different 

than the improvement obtained by the use of 1000 ppm of gibberellic acid 

alone. Hence, it appears that combination treatments utilized in this 

study are not worth the extra cost and effort for pretreating seeds of 

any of the accessions tested in this study. 
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Pretreating of seeds of Cochise lovegrass, blue panicgrass, 

four-wing saltbush, and Accession L-19 of Lehmann lovegrass proved to be 

of little benefit for improving their germination rates. Hopefully, 

future research will determine the keys by which these and other germi

nation rates may be improved, as well as better methodology for applying 

these substances to seeds for improvement of rangeland seedings. 



APPENDIX A 

AVERAGE TOTAL NUMBER OF SEEDS GERMINATED FOR EACH 

ACCESSION-TREATMENT COMBINATION OF EXPERIMENTS ONE THROUGH FOUR 

65 



Table 7. Average number of seeds germinated from three replications of each accession treated with 

gibberellic acid during Experiment One, January 6-15, 1981. 

Gibberellic Acid 

Species 5 ppm 50 ppm 500 ppm Control 

Lehmann Lovegrass A-68 Lot 6101 97.7 98.0 98.3 96.0 

Lehmann Lovegrass A-68 Lot 6092 53.3 59.0 62.0 54.0 

Lehmann Lovegrass L-19 83.3 90.7 84.7 79.3 

Cochise Lovegrass 56.0 65.0 70.7 55.7 

Boer Lovegrass 86.7 87.0 87.0 88.3 

Blue Panicgrass 91.3 88.3 94.0 89.3 

Four-wing Saltbush 34.0 33.7 41.3 35.7 

o\ 
On 



Table 8. Average number of seeds germinated from three replications of each accession treated with 

potassium nitrate during Experiment One, January 6-15, 1981. 

Treatments 

Potassium Nitrate 

Species .02 M .04 M .08 M .16 M Control 

Lehmann Lovegrass A-68 Lot 6101 99.0 96.7 93.3 87.7 96.0 

Lehmann Lovegrass A-68 Lot 6092 55.0 52.7 55.0 35.0 54.0 

Lehmann Lovegrass L-19 77.7 78.7 68.7 21.7 79.3 

Cochise Lovegrass 57.7 51.3 53.0 28.3 55.7 

Boer Lovegrass 85.7 86.0 91.0 88.3 88.3 

Blue Panicgrass 84.7 83.7 76.7 52.7 89.3 

Four-wing Saltbush 32.0 35.7 32.7 20.3 35.7 



Table 9. Average number of seeds germinated from three replications of each accession treated with 

ammonium nitrate during Experiment One, January 6-15, 1981. 

Species .02 M 

Treatments 

Ammonium Nitrate 

.04 M .08 M .16 M Control 

Lehmann Lovegrass A-68 Lot 6101 98.0 97.3 95.7 93.0 96.0 

Lehmann Lovegrass A-68 Lot 6092 59.0 60.3 58.0 54.0 54.0 

Lehmann Lovegrass L-19 78.0 85.0 76.7 54.0 79.3 

Cochise Lovegrass 61.3 73.3 73.7 46.3 55.7 

Boer Lovegrass 83.7 84.7 84.0 87.8 88.3 

Blue Panicgrass 86.3 84.7 82.3 39.0 89.3 

Four-wing Saltbush 28.3 30.0 31.3 25.3 35.7 

ON 
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Table 10. Average number of seeds germinated from three replications of 
each accession pretreated with heat at 70 C for 24 hours 
during Experiment Two, March 17-26, 1981. 

Species 70 C for Control 
24 hours 

Lehmann Lovegrass A-68 Lot 6101 92.0 96.9 

Lehmann Lovegrass A-68 Lot 6092 52.7 63.3 

Lehmann Lovegrass L-19 82.3 67.6 

Cochise Lovegrass 82.2 64.1 

Boer Lovegrass 82.2 85.4 

Blue Panicgrass 90.9 89.4 

Fourvwing Saltbush 37.1 32.1 



Table 11. Average number of seeds germinated from three replications 
of each accession treated with 0 ppm and 1000 ppm of gibber-
ellic acid during Experiment Three, May 27-June 5, 1981. 

Species Gibberellic Control 
Acid 1000 ppm 

Lehmann Lovegrass A-68 Lot 6101 98.3 96.0 

Lehmann Lovegrass A-68 Lot 6092 61.7 54.0 

Lehmann Lovegrass L-19 76.3 74.0 

Cochise Lovegrass 84.3 71.3 

Boer Lovegrass 85.0 83.0 

Blue Panicgrass 95.7 88.7 

Four-wing Saltbush 38.7 27.7 



Table 12. Average number of seeds germinated from three replications of combination treatments on 

each accession during Experiment Four, June 9-18, 1981. 

Species 

Combination Germination Treatments 
Gibberellic Acid 

1000 ppm 
.02 M 
KN03 

.02 M 
NH4NO3 

.04 M 
NHi^NC^ 

Gibberellic Acid 
50 ppm 

.02 M 
KNO3 

.02 M 
NH4NO3 

.04 M 
NH4NO3 

Gibberellic Acid 
5 ppm 

.02 M 
KNO3 

.02 M 
NHijNOs Control 

Lehmann Lovegrass 
A-68 Lot 6101 

Lehmann Lovegrass 
A-68 Lot 6092 

Lehmann Lovegrass 
L-19 

Cochise Lovegrass 

Boer Lovegrass 

Blue Panicgrass 

Four-wing Saltbush 

81.3 

87.0 85.7 

82.3 

97.0 

92.7 

37.3 

97.7 

95.3 

46.0 

81.3 

53.0 

88.3 

44.3 

90.7 

44.3 

78.3 

77.0 

87.3 

92.3 

37.7 
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