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ABSTRACT

Muhktar, Hashlm A* M. 1961. Factors affecting seed germination of
some important desert plants* Master of Science thesis.
Department of Watershed Management. The University of
Arizona.

Factors affecting seed germination of four valuable forage 
grass species - Andropogon gayanus Kunth, Eragrostis superba Peyr, 

Eragrostis trichodes Hutt, and Panicum virgatum L. were studied..
The first three of these species are native to Western Sudan and the 
fourth has been extensively. used in reseeding semi-arid ranges in 

Sudan. In addition, the germination requirements of Prosopis 
juliflora var. velutdna.. a principal invader of desert grassland 
ranges in the United.States, and Acacia mellifera which colonizes 

grasslands in Western Sudan are included in the study.
Germination trials in soil and in vitro were conducted 

following scarification of seeds by mechanical, and chemical means.
In addition, another series of tests was run under different degrees 
of temperature and various.qualities of light in vitro.

1. Mechanical scarification increased germination rate of all 

species. Following sulphuric acid treatment, Andropogon gayanus failed 

to germinate and Eragrostis superba and Eragrostis trichodes had very 

low germination rates. . Seeds of Panicum. virgatum,. Prosopis jul 1 flora 

var. velutina, and Acacia mellifera produced the maximum germination 

following B^SC^ immersion for £, 10, and 15 minutes respectively*

2. Mechanical scarification increased germination in vitro



of all six species.

3. Following sulphuric acid treatment germination of 
Eragrostis superba and Eragrostis trichodes grown in vitro was in
hibited. Seeds of Andropogon gayanus were completely destroyed.
Seeds of Panicua vires turn require only ̂ -minute acid treatment while 
Prosopis juliflora var. velutina and Acacia aellifera require $ to 
1$ minutes treatment for maximum germination.

U. In the temperature tests, Andropogon gayanus seeds 
germinated most effectively at a constant temperature of 28° C.j 
Panicua virgatua at 32° G.3 Eragrostis superba, Eragrostis trichodes, 
Prosopis juliflora var* velutina, and Acacia mellifera .over a 
temperature range of 32° to 36° C*

5* Germination of Eragrostis superba, Eragrostis trichodes, 
Panicua virgatua was promoted by red light and inhibited by far-red 

and blue light, Andropogon gayanus and Acacia mellif era germinated 

most effectively in complete darkness, Prosopis juliflora var, 
velutina germinated slightly better in continuous white light; red 
radiation had little effect on the germination.



INTRODUCTION

Reseeding of adapted forage species now offers a major and 
direct means of vastly increasing forage production, watershed 
protection, and soil stabilization of large areas of deteriorated 

rangeland. Reseeding is especially applicable where the original 
perennial grasses have been killed and replaced by undesirable species 
and where the recovery cannot be expected within a reasonable time 
from improved grazing management alone. Because germination percentage 

of many desirable species is normally low, any method of increasing 
gemination would enhance their use In reseeding.

The germination of seeds and subsequent establishment of 

seedlings represent stages in the life cycle of most plants where the 
screening effects of the environment are most intense.

This study was conducted to determine some of germination 

requirements of the following desirable speciest Andropogon gayanaa 
Kunth, Eragrostis superba Peyr, Eragrostia trichodes Nutt, and Panicum 
virgatum L. The first three species are indigenous to ifestem Sudan, 

the fourth has been introduced to Western Sudan and offers promise as 

a forage producer.
The study extended to the seed germination requirements of 

two undesirable woody species, Prosopis juliflora var. velutina Woot 

and Acacia mellifera Benth.
The invasion of Prosopis juliflora var. velutina is one of the

1
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most serious and perplexing problems in an extensive portion of south
western United States* It is a principal invader and one of the major 

causes of deterioration of desert grassland ranges, Hunqphrey (i960), 
Prosopis jnl-i flora var, velutina occurs in varying degrees of abundance 

on nine million acres of rangeland in Arizona*

Acacia mellifera Benth, which occurs in Western Sudan under 
environmental conditions similar to those required by Prosopis juliflora 
var* velutina in the southwestern United States, is firmly established 

on considerably more than one hundred thousand square miles. The 
problems it creates are similar to those created by Prosopis juliflora 
var* velutina in the United States*

This study was made in an effort to determine, (1) how certain 
forage species maintain themselves in the demanding environment in which 

they grow; (2) the adaptability of certain desirable grasses; and (3) 

the possibility of controlling undesirable species through manipulation 
of the environment during the critical period of germination and 
establishment*



REVIEW OF LUERATORE

The seed of any living plant as defined by Benson (1957) is 
*a matured ovule consisting of an integument (seed coat), an enclosed 
nucellus (sporangium), the remains of the mega game tophyte, the endo

sperm and the embryo»* In monocotyledons, the embryo has one 
cotyledon; in dicotyledons, two#

Many plants require an after-ripening dormant period prior to 
germination# In general, it is believed that this after-ripening 

results from characteristics of the embryo and seed coat#

Crocker (1916) listed the causes of dormancy as follows: (1)

seed coats impermeable to water; (2) seed coats impermeable to oxygen; 

(3) rudimentary embryo; and (U) a state of dormancy in the embryo 
itself#

Eokerson (1913) recorded a series of metabolic changes taking 
place in the embryo during the period of after-ripening. Treating the 

embryos with dilute acids greatly reduced the length of the after
ripening period# Treated embryos exhibited an increase in their water

holding capacity, acidity, and amount of peroxidase. The oxidase 
appeared sooner than in untreated embryos#

Various methods are employed for making hard seed coats per

meable, including (1) mechanical scarification; (2) concentrated 

sulphuric acid treatment; and (3) special temperature treatments#

3
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Mechanical Scarificationt

Hamly (1932) described a method for making hard seeds of sweet 

clover (Melilotus alba) permeable. The seeds were shakm for ten 
minutes at three oscillations per second in a $00 oc. crooked Florence 
flask to which special mechanical impactors were added. This treatment 
resulted in the formation of a strophiolar cleft through which water 
could enter. Hamly also stated that water permeated naturally soft 
seeds through the opening of a cleft at the strophiole, Atwood (191U) 
found that removal of the seed coat reduced the germination period in 
A vena fatna. Bo concluded that the seed coat acts as a limiting factor 

in germination by restricting the oxygen supply. These seeds did not 
seem to be affected by light during germination. Crocker (1916) claimed 
that delayed germination in Xanthium canadense was generally doe to 

impermeability of the seed coat rather than to characteristics of the 

embryo. Went (1955) assumed that natural, mechanical abrasion occurred 
in seeds of ironwood (Olneya tesota Gray) and palo-verde (Cereidium 

mjcrophyllum Torr) when the seeds were scraped by mud and gravel being 

carried along with flood water down a wash# Barton (1930) was able to 
get one hundred per cent germination of Prosopie velutina by filing the 
seeds or shaking them for twenty minutes in a glass bottle, while un

treated seeds gave only thirty per cent germination. The author suggest
ed that such mechanical treatment increased the permeability of the seed 

coat to water.

Scarification with Sulphuric Acid:

literature concerning devices for scratching or breaking seed



coats is reviewed by Whitcomb (1931) ♦ He noted that of several acids 

tested, sulphuric acid was the only solvent that was effective in 
rendering hard seeds permeable# Harrington (1917) treated Johnson 
grass (Sorghum halepense) with concentrated sulphuric a d d  for two or 

three minutes followed by washing with distilled water and sodium 
bicarbonate. Almost complete germination was obtained a few days after 

this treatment. On the other hand, Gavin (191*9) observed that seeds 
of Lehmann lovegrass (Bragrostis Lehmanniana Nees) treated with 
sulphuric acid showed lower germination in all cases than untreated 
seeds. A definite negative correlation was noted between germination 
rate and the length of time the seed was treated#

Examination of the structure and nature of the seed coat in 

five species of legumes following sulphuric acid treatment led Rees 
(1911) to list the impermeable portions; thus, for. Indigofera arrecta, 

Cytisus albus, and Acacia melanoxylon, the cuticle; for Melilotus alba, 

the cutdeularized ends of palisade cells; for Albizzia lophantha, the 
cuticle and palisade cells# Impermeability was attributed to cutin in 

some part of the seed coat. Khadairi (1956) working with Prosopls 
stephaniana found that 30 minutes1 immersion in concentrated sulphuric 

acid was optimum for breaking dormancy. Poole (1958) found that 35-60 
minutes of treatment with concentrated sulphuric acid of blue palo- 

verde (Cercidium floridum Benth) gave the best germination, while £-15 

minutes of the same acid scarification gave the best germination for 
mesquite (Prosopls juliflora var. velutina Woot).
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The Effect of Temperature on Seed Germination t

The failure of many seeds to germinate may not indicate a need 

for pretreatment but may be due merely to the lack of requisite 

environmental conditions* Temperature is among the most important of 
these conditions» Seeds of many species germinate completely and 

rapidly under a wide temperature range; others germinate poorly or not 

at all except at a specific m d  rather narrow temperature range*
Jackson and Peake (1951*) noted 6l»5 per cent germination of Cassia 
siamea seed boiled in water for five minutes which was 5U per cent 
greater than the check* Wilson (1931) obtained 2 per cent average 
germination ever a six-year period with seed of Panicum obtusua* He 
germinated the seed at 20° C* to 30° C* alternating temperatures 
maintained for a 30-day period* Jackson (1928) obtained 30 per cent 

germination of the same species at 25° C* Brusse (1930) found that 

impermeable sweet clover (Melilotus spp*) and alfalfa (Medioago sativa) 

seeds may be matte permeable without injury by freezing the air-dry seeds 
in liquid air (-190° C*).

Temperature studies on seed germination of the saguaro cactus 
(Carnegiea gigantea) by Kurtz m d  Alcorn (1959) showed that maximum 

germination was obtained at approximately 25° C# and germination greatly 

decreased below 20° C. or above 30° C* Khudairi (1956) working with 

Prosopis atephaniana (Willd) recorded optimum germination temperatures 

between 27° C* and 30° C* Temperatures higher than 1*0° C* or lower than 

20° C* markedly retarded gemination*
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The Effect of Light on Seed Gemination:

The lack of light may prevent the germination of son® seeds, 
while the presence of light may cause others to remain dormante Seeds 

of tho former type will not sprout if they are covered with soil to a 

depth that excludes all light and seeds of the latter type remain 

dormant if a shallow planting allows too much light to reach them.

Jackson (1928) found that Aristida spp* seeds germinate just 

as well in the light as they do in the dark. Borthwick and Hendrick 
(1952.) stated that germination of Grand Rapids lettuce seed was pro
moted by continuous light in the visible range, while that of Phacelia 

tanacetifolia and Amaraithus caudatus L. was inhibited as a result of 
the integrated effect of the photoreaction and they suggested that the 
amount of the pigments and reactants varies among seeds. Toole and 

Borthwick (1956) observed that the seeds of Lepidium virginicum soaked 

in water and exposed to a high red irradiance for a period adequate for 

maximum displacement of the photoreaction gave about 30 per cent 
germination. This value was increased to 88 per cent by a temperature 

change from 15° C. to 25° G. Germination of one variety of lettuce seed 

was found by Flint and McAlister (1935) to be promoted by radiation in 
the region of 5250 to 7000^. The greatest response of a given irradiance 

was in the region of 6600^„ Germination was inhibited by radiation in 

the region of 7000 to 8200^j with the maximum inhibition between 7100 
to 7500®.

Kurtz and Alcorn (I960) studied the effect of number of light 

exposures and light intensity on germination of seed of saguaro cactus 
(Carnegiea gigantea). Seeds soaked for 2k hours and exposed to red



light for 30 minutes at an intensity of 120 foot candles had higher 
germination rates than those soaked for It, M3, and 72 hours and ex
posed to the same light conditions.

8



MATERIALS M D  METHOXS

The atud̂ y is presented as four separate experiments. Each ex- 

periment represents the effect of a particular factor on seed germina
tion of the six involved species.

Seeds of Acacia mellifera and the four grasjes used in these 
experiments were furnished through the courtesy or The Range Manage
ment Experimental Station, Gazal Gawazet, Western Sudan,

Prosopis juliflora var, velutina fruits were collected in the 
vicinity of The Santa Rita Experimental Range, Tucson, Arizona in 

October 1959, Figure 1 shows the comparative size of seed of four 

grass species and two woody species used in this study.
This study was conducted as a series of four experiments de

signed to determine the (l) effect of mechanical scarification and con

centrated sulphuric acid on the gemination of seeds in greenhouse soil; 

(2) effect of mechanical scarification and concentrated sulphuric acid 

on seed germination in vitro; (3) effect of temperature on seed germina

tion in vitro; and (U) effect of light quality on seed germination in 
vitro. Germination tests were conducted in i960 and 1961 in the green
house of The University of Arizona Plant Material Center and in the lab
oratories at The University of Arizona and The Santa Rita Research 

Center of the Rocky Mountain Forest and Range Experiment Station.

Experiment 1, Effect of Mechanical Scarification, and Con

centrated Sulphuric Acid on Seed Germination in Soil.

This experiment was conducted in a greenhouse where the mean
9
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*
Andropop;on EraKroTstls Eragrostls PanTcum

Rayanus superba trichodes virKatum

Acacia Prosopls .iuliflora
mellifera var velutlna.

Figure 1, Relative seed size (x 1,25) of species used in current study. s
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temperature was approximately 21° G* Seeds used were placed in soil- 
filled 7 x 7 x 10 cm. stapled wood plant bands. The soil was a sandy 
loam that originally supported a good stand of perennial grasses, toe 
to two centimeters of soil were removed from the top of each container 

prior to planting. Seeds were treated with coarse sandpaper for the 
mechanical scarification or with concentrated 95 per cent sulphuric 

acid for 1, 5, 10, 15, and 20 minutes for the acid treatment. Two 
hundred seeds of each treatment were dispersed; ten of each grass 
species and five of the woody species in each container. Sand was 

placed over the seeds to insure a uniform planting depth of one or two 
centimeters. After planting was completed, the containers were 

saturated with tap water. During the experiment, the containers were 

watered with tap water as needed. Emerged seedlings were recorded 

daily up to 12 days after planting.

Experiment 2. Effect of Mechanical Scarification and Con

centrated Sulphuric Acid on Seed Germination in Vitro.

(a) Mechanical scarification. Coarse sandpaper was used to 
remove part of the seed coat of each, Eragrostls superba, Eragrostis 
trichodes, Panicua virgatum, Prosopis juliflora var. velutiaa, and 
Acacia mellifera; the Andropogon gayanus seeds were hulled. All seeds 
were then placed in glass petri dishes (diameter 9 cm.) containing four 

layers of water-saturated filter paper. Four replicates of 100 seeds 

of each species were made. One hundred untreated seeds of each species 

were subjected to the same gemination conditions as the treated seeds. 

This experiment was run for seven days and percentage germination mas
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recorded for the treated and untreated seeds,
(b) Sulphuric acid treatment. Seeds of each species were 

placed in beakers containing 9$ per cent sulphuric acid and allowed to 

remain for 1, 5, 10, 1$, and 20 minute periods. The acid was drained 
off and the seeds immersed in running tap water to remove all traces 
of the acid. Four replicates of 100 seeds of each grass species and 

of $0 seeds of each woody species were then placed on saturated filter 
paper in petri dishes. The experiment was run for seven days.

Experiment 3, Effect of Temperature on Seed Germination in
Vitro,

Four replicates of 100 seeds of each species were placed on 
water-saturated filter paper in petri plates and incubated in a 

germinating oven at various constant degrees of temperature of 25°, 28°, 

32°, 36°, and U0° C, Observations of germination were made at 2U-haur 
intervals to a total of 72 hours* .

Experiment U, Effect of Light and Light Quality on Seed 
Gemination in Vitro 0

In order to determine the effect of light on germination, 100 
seeds of each species were soaked and germinated in complete darkness 
in closed coffee cans while a similar number were germinated in day

light, Four replicates of four series of tests using continuous white 

light, red light, far-red light, and blue light were made to determine 

the affects of light quality on seed germination. The continuous white 

light was provided by means of four fluorescent tubes of an intensity



of l;80-foot candles. One hundred seeds of each species were placed 

in petri dishes containing four layers of distilled water-saturated 
filter papers. The petri dishes were placed two feet, from the light 
source* The test was performed at a constant temperature of 29° C,

For the red light, far-red light, and blue ligfrit, seeds were 
soaked in the dark and kept in coffee cans lined with three water- 

saturated towel papers fa r 5# 12, 18, and 2h hours prior to treatment. 
The red light was obtained by filtering the light from cool white 
LCWfatt standard fluorescent tubes through two layers of Du Pont Ho*
300 P. C* red cellophane. Far-red light was furnished by filtering the 
light from a 100-Watt, 120-V. General Ele ctric bulb through two layers 
of red cellophane and two layers of dark blue cellophane* The blue 

light was obtained by filtering ligit of Uo-Vatt (daylight) fluorescent 
tubes through two layers of dark blue cellophane (Du Pont No, 300 MSG), 

Seeds of each of the six species were exposed to each of these light 

qualities for 30 minutes and all petri dishes were replaced in the 

coffee cans* The coffee cans were sealed with Scotch tape and the per 

cent germination was determined after 98 hours.

In all laboratory tests, emergence of the radicle from the seed 

coat was considered to indicate germination*

13



RESULTS

Effect of Mechanical Scarification and Concentrated Sulphuric 
Acid on Seed Germination in Soil*

Mechanical scarification resulted in higher germination per
centages for all species tested whereas acid scarification proved to

i *

be beneficial only to the two woody species and to the relatively 

large-seeded Panicum virgatum (Figure 2)« Treatment with concentrated 
sulphuric acid inhibited the germination of all grass species except 

Panicum virgatum which had a significant increase of germination under 
5 minute treatment« Prosopis juliflora var. velutina and Acacia 

raellifera gave a greater rate of germination following acid treatment 

within the range of 5-15 minutes»

Andropogon gayanus Kunthe The average germination percentages 
of treated and untreated seeds of Andropogon gayanus grown in green

house soils are shown in Table 1# After eight days, germination of 8 
per cent and 21 per cant were obtained from the untreated and hulled 

seeds, respectively* Seeds which had been treated by means of hulling 
germinated within three days, whereas the untreated seeds first 
emerged after five days*

Seeds treated with concentrated sulphuric a d d  were highly 

fragmented and damaged to such an extent that no germination occurred 

under any of the acid treatments (Figure 2)e

1U
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Figure 2* Total germination of untreated end treated seeds of four 
forage grasses and two woody species grown in greenhouse 
soil for a maximum of 12 days*
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Table 1* Germination of Andropogon gayanus 0 Seeds Grown Soil.1/

Days after planting

Treatment 1 2 3 k 5 6 7 8

Check 0 0 0
Per cent

0 2 ....5 : 8
Hulled 0 0 3 11 17 19 21 21

1/ Mean of U replicates*

Eragrostis superba Peyr. Mean germination percentages of 

Eragrostis superba seeds with and without treatment," using coarse 
sandpaper for mechanical scarification and concentrated sulphuric 
acid for acid treatment, are shown in Figure 3, The mean total 

germination percentage of untreated seeds after eight days was hi per

cent* First emergence was noted on the fifth day after, planting*.. .
Seeds mechanically scarified showed a maximum germination of 

62 per cent or 103 times greater than that of untreated, seeds0 In 
addition, first emergence was noted the second day after planting as 
compared with four days for the check* Maximum germination of 
scarified seed occurred in the first six days; in the check, from the 
sixth to the eighth day*

Acid scarification adversely affected germination of Eragrostis 

superba* An inverse correlation was noted between germination rates
and length of time of exposure to the acid* One-minute treatment with
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©  Mechanical Scarification 
©  Check
®  1 Minute HgSO^
©  $ Minutes HgSO^

LU 60

DAYS

Figure 3« Effect of mechanical scarification and cone* HLSO, on 
germination of Eragrostls superba* Seeds grown in soil
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concentrated sulphuric acid resulted in only 29 per cent germination 
or 3/5 that of the untreated seeds0 Five-minute exposure produced 
only 8 per cent total germination, whereas no germination was 

obtained after the 10, 1$, and 20-minute acid treatments» Initial 

emergence of L- and 5-minute acid-treated seeds occurred on the third 

day after planting*
Eragrostis trichodes Nutt* Figure U shows the mean 

germination percentages for treated and untreated seeds of Eragrostis 

trichodes* Initial emergence after planting occurred on the third 
day for all treatments except the 5, 10, 15, and 20-minute immersions 
in concentrated sulphuric acid. No germination was obtained fran seed 
exposed to the acid for these periods*

The untreated seeds had an average germination of 33 per cent 

after eight days with the greatest germination occurring on the sixth 

day following planting* Mechanical scarification of seeds of this 

species resulted in both an! increase.in total and earlier germination* 

Total germination of mechanically scarified seed was 68 per cent or 

1.5 times greater than the untreated seed* In addition, the greatest 
germination occurred on the fourth and fifth days after planting*

Concentrated sulphuric acid treatments of seeds of Eragrostis 
trichodes proved to be very detrimental* A total germination of only 

13 per cent was attained from the one-minute concentrated sulphuric 

acid treatment and longer acid treatments resulted in complete loss of
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©  Mechanical Scarification 
©  Check
®  1 Minute HoS0,

UJ 60

DAYS
Figure 1*. Effect of mechanical scarification and concentrated HgSO^ 

on the germination of Eragro stis trichodes* Seeds grow 
in soil*
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viability,,

Panictaa virgattta L« The average percentages of emergence of 
treated and untreated seeds of Panicum virgatum grown In soil are 
shown in Figure 5* Initial emergence for all treated seeds occurred 

on the fourth day after planting; emergence for the check occurred 
on the fifth day* The greatest germination rate occurred during the 

first seven days*
Seeds mechanically scarified showed a maximum germination of 

7lf. per cent or 1.2 times greater than the untreated seeds. Acid 
scarification had a noticeable effect on total germination of Panic ran 
virgatum seeds. Total germination of 1, $, 10, 15, and 20-ednute 
acid treatments were 62, 72, 50, 1*2, and 18 per cent respectively. It 
will be noted that the 5-ainute acid treatment gave the maximum 
germination for acid treatment; the 20-minute treatment the minimum.

Prosopis juliflora v&r. velutlna Woot. All treatments 

resulted in a marked increase of germination (Figure 6). Seeds 
subjected to concentrated sulphuric acid for 10-minutes showed the 

greatest early (U-6 day) response, followed in order by 5- and 15- 

minute acid treatments, mechanical scarification, one-minute treatments 
and 20-minute acid treatments. All treatments gave a markedly higher 
germination than the check. Greatest germination for acid treated seeds 
occurred in the first seven days.

Seeds mechanically scarified shewed 77 per cent germination, 

twice greater than the untreated seeds, and the greatest germination 
rate occurred in the first eight days.

Uniformly abundant emergence of mesquite was observed in all



21

0  Mechanical Scarification 
(D 5 Minutes HgSO^
®  Check
®  1 Minute HgSO^
®  10 Minutes HgSO^
®  15 Minutes HgSO^
®  20 Minutes HgSO^

DAYS

Figure 5* Effect of mechanical scarification and concentrated H SO.
on the germination of Panicum virgatma seeds grown 2 4
in soil.
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Figure 6, Effect of mechanical scarification and concentrated H_S0.
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treated seed containers six days after planting. A mass emergence was 
not observed in the check containers until ten days after planting.

Acacia mellifera Benth. Figure 7 shows the average germination 

percentages of treated and untreated seeds of Acacia mellifera.

Initial emergence after planting occurred cn the fourth day for all 
treatments of 1, 10, 1E>, and 20-minute immersions in concentrated

sulphuric acid. Scarified seeds emerged on the fifth day; untreated 
seeds on the sixth day. The 5-minute acid treatment showed the maximum 
germination of 9k per cent, twice as great as the check. One, 10, 15, 
and 20-minute acid treatments resulted in 72, 88, 81, and 38 per cent 
germination, respectively. Maximum emergence occurred in the first 

five days.
Seeds mechanically scarified produced 75 per cent germination 

or 1.6 times greater than that of untreated seed. Maximum germination 

of treated seeds occurred during the first eight days.

Effect of Mechanical Scarification and Concentrated Sulphuric 

Acid Treatment on Seed Germination in Vitro.

Mechanical scarification.
Andropogon gayanus Kunth. Average germination percentages of 

Andropogon gayanus grown in vitro are shown in Table 2. Seeds treated 

by means of hulling germinated within two days; untreated seeds on the 

third day. After seven days germination, 3U per cent was obtained from 
the treated seeds, 12.5 per cent from the check.

The greatest germination rates for both treated and check lots 

were obtained in the first five days. Seedling development was more 
vigorous as a result of bulling (Figure 8).
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Figure 8. Four-day old seedlings of Andropogon gayanus 
(1) check (2) hulled seeds 
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Table 2. Germination Percentage of Hulled and Untreated Seeds of 

Andropogon gayanus* Grown in Vitro, y

Days after planting

Treatment 1 2 3 k 5 5” 1

Check 0 0
Per cent

■
3 h 6 6 12

Hulled 0 17 21 23 27 32 '.3b

1/ Mean of 1* replies^*

Eragrostie superba Peyr. Table 3 shows the average germination 

percentages of untreated and mechanically scarified seeds of Eragrostls 
superba grown in vitro. Seed emergence occurred on the second day 

following planting for both treated and untreated seeds. Figure 9 
shows seedlings of treated and untreated seeds.

Mechanical scarification had a measurable effect on the 

germination with a maximum average germination of 69 per cent, 1.3 

times greater than the untreated seed germination percentage. The 

greatest germination rates occurred in the first four days in both 

treated and untreated seeds.

Table 3. Germination Percentage of Mechanically Scarified and Untreated 
Seeds of Eragrostis superba. Grown in Vitro.1/

Days after planting

Treatment 1 2 3 b 5 6 7

Check 0 2 30
Per cent

51 53 53 5b
Mechanically

scarified 0 18 b3 6$ 68 69 69
2/ Mean of It replicates.



Figure 9. Four-day old seedlings of Era~ostis superba. 
(1) mechanically scarified (2 one minute H2so4 
(3) check 
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Eragrostis trichodes Nutt* The average germination percent

ages of mechanically scarified and untreated Eragrostis trichodes 

seeds grown in vitro are shown in Table Both treated and untreated 
seeds germinated the second day after planting. Most germination 

occurred during th* four days. Mechanical scarification treatment 
produced an average of 61 per cent germination which was 1.2 times 
greater than that of untreated seeds. Figure 10 shows the comparison 
between seedlings of treated and untreated seeds.

Table lu Germination of Mechanically scarified and Untreated 
Eragrostis trichodes. Seeds Grown in Vitro j /

28

Treatment
Days after planting

1 2 3 U 5 b 7

Check 0 5 37

Per cent

hh U6 k9 51Mechanically
scarified 0 22 W 58 59 6l 61

Mean of U replicates.

Panicum virgatum L. The mean average germination percentages 
of mechanically scarified and untreated seeds grown in vitro are shown 

in Table 5* Initial germination of mechanic ally treated seeds 

occurred on the second day after planting, whereas untreated seeds 

germinated the third day. Figure 11 shows seedlings of treated and 
untreated seeds.

Seeds mechanically scarified showed a maYimum germination of 
79 per cent which was 1.7 times higher than for untreated seed. The 

greatest germination rates occurred in the first four days with 

mechanical scarification and in the first six days with untreated seeds.



Figure 10. Four-day old seedlings of Era~ostis trichodes. 
(1) mechanically scarified (2 one minute H2so4 
(3) check 

29 
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i

Figure 11. Four-day old seedlings of Panicum virgatum.
(l) mechanically scarified (2) one minute H.SO
(3) check 2 U



%L
Table £>• Gemination of Mechanically scarified and Untreated Panicum 

virgatamo Seeds Grown in Vitro»i/

Days after planting
Treatment — r * 2 3 — u----- y - 6 7

Check 0 0 8
Per cent 
18 29 kk k$

Mechanically
scarified 0 25 kB 73 75 78 79

2/ Mean of U r^lieates.

Prosopis jallflora var. velutina Moot* Average mergence 
percentages of treated and entreated mesquite seeds grown in vitro 

are shown in Table 6* Seeds mechanically scarified emerged the second 
day following planting, untreated seeds germinated the fourth day* 
Maximum germination of 92 per cent was obtained with mechanical 
scarification which was 2*5 times higher than the check. The highest 

germination rates occurred in the first four days after planting with 

treated seeds; with untreated seeds, in the first six days*

Table 6* Germination of Mechanically Scarified and Untreated Prosopis 
juliflora var* velutina. Seeds Grown in VitroJ/

Days after planting

Treatment 1 & 3 k 5 6 --- 1----
Per cent

Check
Mechanically

0 0 18 23 28 3U 36

scarified 0 31 58 8U 87 91 92

i/ Mean of h replicates*
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Acacia i fera Bentlu Table 7 shows the average germination

percentages of mechanically scarified and untreated Acacia meUifera 
seeds grown in vitro* Germination of mechanically treated seed 
occurred on the second day after planting} untreated seeds on the third 

day*
Mechanically treated seeds showed the average germination of 

9k per cent which was 2.2 times greater than that for untreated seed.
The greatest germination rates for both treated and untreated 

seeds was obtained in the first four days after planting*

Table 7. Germination of Mechanically Scarified and Untreated Acacia 
mellifera. Seeds Grown in Vitro *1/

Days after planting

Treatment — T— 2 3 5 6 — I —

Check 0 0 22
Per cent 

39 BO la la
Mechanically
scarified 0 39 78 91 93 9B 9B
1/ Mean of U replicates.

(b) Concentrated Sulphuric Acid Treatment.
Andropogon gayanus Kxinth* Concentrated sulphuric acid pre

vented seed germination* Seeds treated with the acid for 10, 15, and 

20 minutes were highly fragmented. Untreated seeds produced lit per 

cent germination*

Eragrostis superba Peyr* Table 8 shows the average germination 

percentages of s eeds of Eragrostis superba treated with concentrated 

sulphuric acid for 1- and 5-minute periods* Germination of add-
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treated seeds was signiTicaatly less than that of entreated seeds. 
This retarding effect increased as the seed immersion period was 

lengthened*
. The greatest germination rates were obtained in the first 

three days with the treated seeds and in the first five days with 

untreated seeds*

Table 8* Germination Percentage of Seeds Treated for 1- and 5-Minute 
in HgSOjj and Untreated Eragrostis superba, (brown in Vitro .2/

Length dt HgSO^ treatment (minutes) ~

Planting None 1 5

1 0

Per emit 

0 0
2 5 37 10
3 27 U8 12
U U9 50 • • ee
5 55 51 •
6 55 -
7 56 - -

y  Mean of It replicates

Eragrostis trichodes Nutt* The mean average germination per
centages of concentrated sulphuric acid treatment for one minute and 
untreated seeds of Eragrostis trichodes grown in vitro are shown in 
Table 9.

Seeds treated with concentrated sulphuric acid showed a lower 

germination than untreated seeds* No germination was obtained at 5, 

10, 15, and 20-minute acid treatments* After seven days, an average 

germination of 18 per cent was obtained following acid treatments for 

one-minute as compared to U7 per cent for the untreated seeds. The 

highest germination rates were obtained in the first three days for
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treated seeds and in the first four days with untreated seeds.

Table 9. Germination Percentage of One-Minute Acid Treated and .
Untreated Seeds of Eragrostis trichodes. Grown in Vitro .=<

Days after planting

Treatment 1 2 3 h 5 6 7

Check 0 3

Per cent 
35 1*6 h6 U7

1 minute HgSO^ 0 11 18 —

Panlcum yirgatum 1, Table 10 shows the average germination 

percentages of a d d  treated and untreated seeds of Banicum virgatuia 

grown in vitro*
Seeds treated with concentrated sulphuric acid germinated the 

second day after planting while untreated seeds germinated the third 

day* Seed treated with acid for one and five minutes had higher rates 
of germination than untreated seeds. One-minute acid treatment pro

duced 75 per cent germination which was 1.5 times greater than the 
untreated seeds. A definite inverse correlation was noted between 

germination rates and the length of time the seed was treated* The 

greater the time of treatment, the lower the germination* Maximum 

germination occurred in the first four days with the treated seeds 

and in the first six days with the untreated seeds*
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Table 10, Average Germination Percentages of Sulphuric Acid Treated 
and Untreated Panicum virgatum Seeds, Grown in Vitro.!/

Days after
Length of Treatment (minutes)

Planting None i 5 10 15 20

1 0 0 0

Per cent

0 0 0
2 0 7 38 21 6 18
3 9 2k 52 23 Ul 2k
h 22 69 67 U8 -

5 3U 75 -

6 m s » me

7 $0 me —

y  Mean of U replicates.

Prosopis .juliOora v&r, velntiaa Moot, % e  average germination 
percentages of treated and untreated seeds grown in vitro are shown in 

Table 11, Initial germination occurred the second day with acid treat

ments and the third day with untreated seeds. Figure 12 shows seed

lings of treated and untreated seeds. Acid treatment for ten minutes 
showed a maximum germination of 95 per cent which was three times 

greater than untreated seed gemination. Treatment for 1, 5, and 15> 
minutes resulted in appreciable germinationj 79, 90, and 82 per cent 

respectively. The greatest germination occurred in the first five days 
with treated seeds and in the first six days with untreated seeds.

Seeds treated for 20 minutes with concentrated sulphuric acid exhibited 

retarded germination of only 29 per cent.



Figure 12# Relative seedling development of cone. H^SO.
treated and untreated s eeds of Prosopis 4 
juliflora var. velutina.
(1) 1$ minutes T2) 10 minutes H.SO,
(3) 5 minutes H^SO4 (U) 1 minute h;So£ 
(S) check d u  ̂ 4
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Table 11* Germination Percentages of Sulphuric -Ac id Treated and 
Untreated Seeds of Pro^opie juliflora var. velutina. 
Seeds Grown in Vitro *3/

Days after 
Planting

length of treatment (minutes)

Hone 31 5 10 15 20

Per cent

1
/
0 0 0 0 0 0

2 0 10 19 U8 32 27
3 18 39 57 72 69 29
k 25 72 ,81* 9$ 80
5 27 79 90 82
6 31 - e#

7 32

1/ Mean of U replicates#

Acacia mellifera Benth* Table 12 shows the mean average 
germination percentages of concentrated sulphuric acid treated and 

untreated seeds grown in vitro* Seed emergence occurred in the 

second day with the acid treatment and on the third with untreated 

seeds* Figure 13 shows seedlings of treated and untreated seeds* 

Acid treatment for five minutes resulted in a maximum gemination 

of 92 per cent which was two times greater than that of untreated 

seeds. Treatment with the acid for 1, 10, and 1£> minutes also 

produced noticeable increases in total germination of 75# 8$, and 
79 per cent, respectively* Following acid treatment, maximum 
germination occurred in four days, with the untreated seeds maximum 

germination occurred after six days*
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Figure 13* Relative seedling development of cone. H SO.
treated and untreated seeds of Acacia ^
mellifera.
(1) 15 minutes HpSOi (2) 10 minutes HLSO,
(3) 5 minutes H^SO, (U) 1 minute H«S07 
(5) check 2 U h
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Table 12* Germination of Sulphuric A d d  Treated and Untreated Seeds 

of Acacia mellifera. Seeds Grown in Vitro.1/

Days after 
Planting

Length of treatment (minutesj

. None 1 5 10 15 20
Per cent

1 0 0 0 0 0 0
2 0 9 36 U8 38 23
3 12 59 87 79 56
k 31 67 92 85 79 #*
5 35 75 -
6 39
7 • la m

1/ Mean of U replicates*

Effect of Temperature on Germination of Seed Grown in Vitro*

This phase of the study was conducted to determine the effect 
of various constant temperatures on gemination of the six species 

involved. Four replicates of 100 seeds of each species were placed 
on water-saturated filter papers in petri dishes and incubated in a 

germinating oven at constant temperatures of 25°, 28°, 32°, 36°, and 

U0° C. Water was added as needed and the effect of temperature on 
germination was determined after 72 hours* Germination rates under 
various temperatures are shown in Figure lU*

Andropogon gayanus Kunth. A  maximum germination of 18 per 

cent occurred at 28° C* (Figure lU}* From this point germination 
progressively decreased as temperature increased until none was ob

tained at 36° G* The maximum germination at 28® c* was 1*5 times 
greater than the check*

Eragrostis superba Peyr* Maximum germination percentages of
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Figure lb* Germination of four forage grasses and tuo woocSy species 

grown in vitro under various constant temperatures.
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Efgreatis superba -was obtained at constant temperatures of 32° and

36° Ce (figure lU)* Germination decreased as temperatures mere 

lowered below 32° C. Maximum germination, which was obtained at 32° C* 
was !•$ times greater than that of the check. No germination was re
corded at a constant temperature of k0° C,

Eragrostis trichodes Matt. The maximum germination of 9U per 

cent, which was 1,8 times greater than that of the check, obtained at 

a constant temperature of 32° (Figure lit). An appreciable increase in 

seed germination of 82 and 75 per cent was obtained at 28° c, and 
36° C., respectively,

Panicum virgatum L. A constant temperature of 25° C, re
tarded the germination of Panicum virgatum. At a constant temperature 

of 28° C, an average gemination of 68 per cent, or 1 3/5 times 
greater than that of the checks, was obtained. There was no 

significant difference between germination percentages at 28° and

32° C, (Figure lit),
Prosopis juliflora var, velutina Hoot, There was a positive 

correlation between increase in amount of germination and increase 
in temperature (Figure lit). Gemination increased from 13 to 8? per 

cent as temperatures were raised from 25° to 36° C, A maximum 
germination of 8? per cent was obtained at a temperature of 36° C,

This rate was three times greater than that of the check, A temper
ature of U0° C, reduced germination to 32 per cent.

Acacia mellifera Benth, A noticeable increase in germination 

occurred at temperatures of 32° and 36° C, The maximum germination 

of 92 per cent, which was 1,2 times greater than that of the check.
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was recorded at a constant temperature of 36° Co There was no 

significant difference b etween germination rates at 32° and 36° Co

Effect of Light Quality on Seed Germination in Vitro*

Andropogon gay anus Kunth. Germination of Andropogon gay anus

seed does not appear to be light-limited* Seeds soaked in water in

total darkness for 5# 12, 18, and 2k hours prior to exposure to the
various light qualities showed no germination with red, farered, and
blue light. Nineteen per cent of the seeds maintained in complete

darkness germinated as contrasted with only 13 per cent when exposed
to full daylight. The continuous white light produced 8 per cent

germination which was 1.5 times less than those in the daylight*
- ; /

Eragrostls superba Peyr* Germination of seeds of Eragrostis
superba was increased by exposure to red light. A maximum germination 
of 76 per cent was obtained from seeds which were soaked for eighteen 

hours in the darkness, exposed to red light for thirty minutes, then 

kept in the dark for forty-eight hours. Germination of U5# 30, and 
lit per cent was obtained from seeds exposed to continuous white light, 
far-red light, and blue light respectively* Fifty-three per cent of 

the check seeds geminated in normal daylight and 20 per cent in dark
ness (Figure 15)*

Eragrostis trichodes Nutt* Red light apparently stimulates 

germination of Eraygroatjs trichodes while far-red light and blue light 
inhibit germination (Figure 15).

Maximum germination of 58 per cent was obtained from seeds 

soaked in the darkness for eighteen hours and exposed to red light for
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thirty minutes and replaced in darkness for forty-eight hours* Re

latively low germination of k3f 3k, and 2it per cent resulted from 
seeds exposed to continuous white light, far-red light, and blue light 
respectively* Forty-eight per cent of those grown in normal daylight 
geminated3 2J> per cent of those in complete darkness*

Panicuzn virgatum L. Figure 2$ shows the mean average 
gemination percentages of seeds exposed to various light qualities 

and checks. Seeds soaked in the darkness for twenty-four hours, then 
exposed to red light for thirty minutes and then returned to darkness 
for forty-eight hours had a maximum germination of 6? per cent* This 
was l.lf times greater than that of seeds grown in normal daylight* 

Seeds soaked for twenty-four hours in the darkness and exposed to 
white light, far-red light, and blue light showed germination of 8,
23, and 18 per cent respectively. Seeds maintained in continuous 
darkness for three days produced 26 per cent germination.

prosopis juliflora var* velutdna Moot. Continuous white light 

and continuous red light had some effect on seed germination (Figure 

1$). A  raaximm germination of h3 per cent was obtained from seeds 
exposed to continuous white light for three days. Seeds soaked for 

twenty-four hours prior to exposure to red light, far-red light, and 
blue light for thirty minutes produced 3$, 12, and 10 per cent 
germination respectively. Thirty-three per cent of the seeds exposed 

to daylight germinated as compared to 19 per cent of those maintained 
in darkness.

Acacia mellifera Benth. Germination of Acacia aellifera was 

not increased by light quality (Figure 1$). Seeds grown in complete
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darkness for three days showed the maximum germination of 87 per cent, 
twice greater than that of seeds germinated in normal daylight, Seeds 

soaked in the absence of light for twenty-four hoars, then exposed to 

continuous white light, red light, far-red light, and blue light for 
thirty minutes, had 37, 3U, 31, and 35 per cent germination, respect
ively#



DISCUSSION

Treatments to Induce germination o f seeds include mechanical 
and chemical scarification and excition of a certain single light- 

sensitive pigment called phytochrome.
In seed development, growth of the embryo usually is arrested 

while the seed matures and is dispersed. After a period of dormancy, 

germination takes place and growth continues. Seed gemination de
pends on external and internal factors. The chief external factors 

are moisture, temperature, and oxygen. Moisture promotes the passage 

of gases into and from the seed, and the majority of the physiological 
processes involved in seed germination are directly or indirectly de
pendent upon water. Temperature affects seed germination largely 

through its effects on chemical reactions within the seed. Oxygen is 

essential in the respiration process. In addition to water, oxygen 

and suitable temperature, many seeds require light or the absence of 
light for germination.

Internal factors affecting germination include impermeability 
of the seed coat and necessity for after-ripening. Some seeds are 
dormant due to an immature embryo or to the fact that certain chemical 
compounds have yet either to be produced or broken down.

The first change when seeds are placed in an environment 
suitable for germination is the imbibition of water. Imbibition

U6



normally occurs rapidly under proper growing conditions. Ihe 
absorption of water initiates a series of physical and chemical pro

cesses, which in the absence of any limiting factor, result in 

germination. The radicle is the first structure to appear outside 
the seed coat at the onset of germination.

Some seeds have coats that are impermeable to water. The 

cause of this impermeability is a subject of controversy. There are 
several methods frequently used to break the dormancy of these "hard” 
seeds. One method is by mechanical scarification. In this method, 

seeds may be mechanically scarified by using sandpaper.

Some legumes also have hard seed coats impermeable to water. 
Prosopis juliflora var, velutina and Acacia mellifera had seed coats 

which were impermeable to water. Mechanical scarification made these 

two legume seeds permeable and raised the germination percentages more 
than twice that of untreated seeds.

Resistance of the seed coat to moisture penetration results in 

P°or germination of some species. This discrepancy could be explained 
on the basis of the fact that treatment with concentrated sulphuric 

acid softens the whole seed coat, thus leading to increased oxygen 
exchange or facilitating the emergence of the radicle#

It is suggested that the increase in germination following 
treatment with concentrated sulphuric acid may be due to the removal 
of the thick cuticle of the seed coat. It is possible that the 
dormancy of Panicuw virgatum, Prosopis juliflora, and Acacia mellifera 

seeds was due to the thick cuticle. The removal of this layer in
creased permeability to water and helped in the emergence of the
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radicle#
Temperature plays an important role in the germination of 

many seeds. It is considered as a method used to break the dormancy 
of hard seeds. These species would probably germinate best when 

seeded during late summer in Sudan. In 'Western Sudan, where good late 
summer precipitation can be expected, seeding of these four specie# in 

early August might allow plants to become established in the autumn.

This observation should not be taken as a definite recommendation for 
seeding these species in these particular times of year, as other 

factors may be of more importance in seedling establishment than 
temperature. No species germinated at a constant temperature of U0° C. 

except Prosopis juliflora var. velutima. Therefore, temperature is a 

factor of prime importance in germination of this species. Vent (1953) 
stated that specific temperature ranges following sufficient rainfall 

was the main factor in germination of the seeds of desert annuals.

Germination of some species is influenced by light. The seeds 
of some species germinate more rapidly in diffuse light than in total 

darkness. Others may germinate quite satisfactorily in total darkness. 
In nurseries, the amount of light to which the seeds are exposed is 

usually reduced if the seeds a re covered with soil, but may be increased 

when the beds are mulched. The possible influence of light should, 

therefore, always be kept in mind when difficulties are encountered in 

the germination of unfamiliar seeds. The general opinion at present is 
that a certain single light-sensitive pigment, common to all plants, 
triggers one or another of the processes in plant growth, from the 

sprouting of the seed to the onset of dormancy. Butler and Downs (I960)



stated that this pigment appears to be chemically activated in one of 
its forms by light of 6600j| (red-light region) and inactive Tmder 
light of 73f>o£ (far-red-light region). They concluded that this pigment 
in the tissues of the plant functions as an enzyme and probably catalyzes 
a biochemical reaction that is crucial to many metabolic processes. This 
photoreceptive pigment which controls many plant growth responses has 

been called phytochrome by the investigators.

From the data, it appears that light in red and far-red spectra 

(within the region of 6600 and 7lt00j[) was controlling activation of the 
phytochrome (light-sensitive pigment) and affected germination rates of 

Eragrostis superba, Eragrostis trichodes, and Panicum virgatum.

Table 13 shows germination response to treatments of 

scarification, temperature, or light applied to four grass species and 
to two woody species.
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Table 13# Germination Response to Optimum Conditions of Scarification, 

Temperature, or Light Applied to Four Grass Species and to 
Two Woody Species.

Species

Treatment 3

1

*
"8
3
t

Scarification
Mechanical
Hulling
Sandpaper

+++
+++ +++ +++ 4-4-

Acid I™"minute 
5 minutes 

10 minutes 15 minutes 
20 minutes

4-
4-4-

4-
+ 4- +

4-4-
+4-

Temperature

28 C 
32 C 36 c Uo c

4
+++

+

++

+++

+
++

+++

Red
Far-red
Blue
Continuous
White

i 1
SE

44
4

4
44
444

44

444

4+4 most effective 
44 effective

4 least effective 
- no response



SUMMARY

Factors affecting seed germination of four valuable forage 
grass species - Andropogon gayanua Kunth, Eragrostis superba Peyr, 

Eragrostis trlchodes Nutt, and Pan!cum virgatum L« were studied*

The first three of these species are native to Western Sudan and 

the fourth has been extensively used in reseeding semi-arid ranges 

in Sudan, In addition, the germination requirements of Prosopls 

juliflora var. velutina, a principal invader of desert grassland 
ranges in the United States, and Acacia men if era which colonizes 
grasslands in Western Sudan are included in the study*

Germination trials in soil and in vitro were conducted 
following scarification of seeds by mechanical and chemical means*

In addition, another series of tests was run under different degrees 

of temperature and various qualities of light in vitro*

1* Mechanical scarification increased germination rate of 
all species. Following sulphuric acid treatment, Andropogon gayanua 

failed to germinate and Eragrostis superba and Eragrostis trlchodes 

had very low germination rates* Seeds of Panicum uirgatum, Prosopls 
juliflora var * velutina, and Acacia mellifera produced the maximum 

germination following H^SO^ immersion for $, 10, and 1$ minutes 
respectively*

2. Mechanical scarification increased germination in vitro
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of all six species.
3. Following sulphuric acid treatment germination of 

Eragrostis superba and Eragrostis trichodes grown in vitro was 

inhibited. Seeds of Andropogon gayanus were completely destroyed. 
Seeds of Banieua virgatum required only 5-mnute acid treatment while 
Prosopia juliflora var. velutina and Acacia mellifera required 5 to 

15 minutes treatmnt for maximum gemination.

U. In the temperature tests, Andropogon gayanus seeds 
geminated most effectively at a constant temperature ef 28° C.$ 

PaBicum virgatum at 32° C.j Eragrostis superba, Eragrostis trichodes, 

Prosopis juliflora var. velutina, and Acacia mellifera over a 
temperature range of 32° to 36° C.

5* Germination of Eragrostis superba, Eragrostis trichodes, 
Panicum virgatum was promoted by red light and inhibited by far-red 

and blue light. Andropogon gayanus and Acacia mellifera germinated 

most effectively in complete darkness. Prosopis juliflora var. 

velutina germinated slightly better in continuous white light; red 
radiation had little, effect on the germination.
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