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The main objective of the present studies weas to in=-
vestigate the potentialities of the assembled indigenous gracsses
from the viewpoint of their propaegation by seed, when the neces- /
sity arose for their appropriate utilization in pasture develop-
ment programmes. The first requirement was to give attention
to seeding hebits and germinability.

The work was commenced in June 1935 and was continued
till the present day, with the exception of a year's interruption
as a8 result of the writer's transfer in 1939. Being a virgin
field, the prosecution of these studiles were naturally attended
with difficulties. The studies were pursued along lines which
enteytg}pgd7thergreates;73§§§EE§ of ensuring quickest results.
fﬁe outcome was that a8 study of the causes;ﬁf the delayed ger-
mination of the seed which should, logically}5have been under-

taken first, was only recently taken in hand.

Many researchers have given attention to the develop-
o ek i

-

ment of the seed, its physiology, histology andggnétomy, and

much valuable information has been accumulated on post-fertili-
zation events, but we are still much in the dark about certain
of these events, the cou:sefof which is ssemingly readily in-
fluenced by environmental conditions, both external and in-
ternal. About the c¢omplex problem of embryo unpreparedness,
including that of associated factors, there is even legg agree=-

ment!ﬂtﬁaugh numerous investigators have made contributions

towards the elucidation of the basic aspects of both the physio=-
logy of germination and of delayed germination. The problem is

thus‘not only a vexed ona, but, apparently, one of which the

solution will depend upon the progress of our knowledge re-

zacting / ..
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garding the basic aspects of growth. The scope of the problem
of delayed germination is an immense one, embrasing the major-
ity of the fundamental prcbléms of plant physiology.

As only a few authors, such ss Nilsson-Ehle (1909 and
1914), Deming and Robertson (1933) and Johnson (1935), have
given attention to the question of the inheritance,cf .ds}aged
germination and allied phenomena, there is & great gap in our
knowledge, but one cannot help thinking that such inheritance
plays a major role and that along the line of breeding and/or
selection, there is much scope for improvement. This should

be borne in mind.
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SEED~SETTING AND GERMINATION.
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Seed~setting ability.

Metheds and materials,
Diseussion.

Germination.

Methods employed in the germination tests.
Even and alternating temperatures,

Low temperatures.

Light.

Light and KNO5.«

Light and other salts.

The influence of seed coverings on germinstion.

-~

Summary .

-

A large number of native grasses have for years been
assembled at the Prinshof and Rietondale stations, at Pretoria.
Since it was believed that & majority o; these types were low
seed~setters and germinated unsatisfactorily, vegetative means
were in the first instance employed in their propagation.

Slow progress was shown with this method of propaga-
tion and it became evident that it was not destined to play en
important role in the development of artificial pastures, par-
tieularly when a number of promising.grasses 4id not lend them~
selves to this method of propagation. As a consequence, vege-
tative propagation was condemned by many, an attitude whioh
should, however, be cha%}gnged, since the slow progress was
to a lack of knowledge regarding the correct methods of vege-

tative propagation.

Thos [/ o
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Thus far only about 10% of the indigenous genera
have proved of value, or have exhibited potentisl economic
value, These are : Digitaria '), Panieum '), Setaria,

Themeda, Cenchrus, Urochloa, Chloris, Paspalum, Brachiaria,

Acroceras, Echinochloa, Cynodon, Melinis, Hemarthria =eand

Ehrhérta. In each of the genera (Cenchrus, Acroceras, Themeds,

Echinochloa, Cynodon, Melinis, Ehrharta, Hemarthria and

Chloris only about one species is concerned, whereas in each

of the others several species are involved.

A good indication of the extent and variation in
seed setting was first secured in a study on self—fertilizgtion,

0pen-fertili;§tion and seed~-setting of a number of Digitaria

selections., In these studies, muslin sleeves were employed to
cover individual heads with, these (just after flpweving and
before shedding) being enclosed by wire, the whole being held
in a position by 2 dropper driven into the ground. The results
are summarized in table 1.
percentage

Seed-setting, expressed as a‘%\of total florets,
varied in the 26 selections, as shown in Table 1, from 0.l6%
to 37.4% and showed wide variations for the individualém;fﬁ;ﬂé
same open-rertilized progeny. Thus, for three individuzls of

the progeny éf’}nkruip 24-3, one of the best Digitaria selec-
tions, the:;::;gg{settingAgg;;-;: 11%, 15.9% and 37.4% under
open-fertilized conditions. In the second cese, however, ergot
was recorded. In several instances the average number of seeds
per head was larger for the self-fertilized than in the oase
e e e e . of 7 W

') These genera require revision and as a consequence
the species involved cannot be precisely defined.
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of the opennfert;};;ed heads of the same selection.

The low values for seed-~setting are rather striking
even though some of the best seeding ecotypes were under ob-
servation. ©Possibly it was too late in the season to obtain
an indication of rormal seed-setting because 1t appears to be
markedly i;Fluenced by seasonal conditions, even if the disease
factor be ignored. The majority of digitarias are attacked by
2 Claviceps sp. (Brgo%) and they generally suffer severely
towards the end of the growing season. A Cerebella sp. often
inflicts heavy losses on Uroghloa while another fungus ')
may be responsible for a high percentage of seed infection in

Cenchrus cilliaris.

ITn the 1940-~4) sesson further studies were undertaken
o the seed-ylelding abiliity of some AR mx¥. grasses in which
were ircluded certain selections of a Panicum sp. and of

Dilgitaria Smutsii; of a number of ecotypes of Digitariag ,

(meinly from the N'Gamiland regiorn), of Chloris gayana and

TABLE 1 : THE % SEED SETTING IN CERTAIN Digitaria
SELICTIONS UNDER OPEN-FERTILIZED CONDITIONS
END 19%6-37 SEASON.

No.nf Total Total % Average

heads  hermas seeds 5 No.of

S % pe i-n under phrodite on 5€e0= gsegedo
obser fis.on  enclosed tien_ peT

vabion &l heads heads HE head.

tPort Elizabeth" 7.
45 1 4331 511 12.8 178

‘D, Smutsii 3 - 8 2 2802 55 1.96 27
do., 2 = P 2 4167 15% 3.7 38

e e e 5 - 56 - i
"Wnrlozit 1 - 1 1 1358 16 D 1
iy o0 e z 4189 103 2.5 34

do.. 3 =6 5 5615 252 Ly68 50

WIBKPHAEY /. w8

')} The Spheaeraicis stage of a Claviceps sp.
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No. of Totsl Total Average

heads herma- seeds % No.of

Strain under phrodite on seed~- seeds
Obser- fls. on enclosed set =~ per

vatien all heads heads ting. head.

- e ey W D S S S ok 1 Nk Sy e e et W 0w B0 W N S e W Sy [ S My e S i B S g ey O 5 50 T . 0 e A WS e e W 206 B W D M T e 3 S B 2N

"Inkruip" 1 -~ 7 4 2431 24 0.85 6
do. [ 1574 38 2.1 9
31- 5 / 2 -~ 4 3 1294 21 1.6 ?
do. 2 - 8 4 4296 21 0.5 5
do. 2 =10 3 1370 49 3.6 16
D 24 / 1 2 1796 37 2.1 18
31- 2 / 1 = 4 3 1735 40 - 2.3 1%
15« 7./ 1 -9 2 1436 227 15.8 113
15- 7 /1 =2 4 2150 244 11.6 61
15- 7 /1 -5 1 ca.600 119 ea,.20 119
31-16 / 1 = 5 2 1253 60 0.5 30
31-16 / 1 = 3% 4 2071 19 0.8 4
"Port Elizabeth"
' 39 - 14 7 4507 107 2.4 15
do. 45 - 2 3 1233 3 8.2 1
do, 37 = 10 4 4052 594 14,7 148
24- 3 /2 -« 1 1 1082 405 37.4 405
do. 2 - 4 2 1612 256 15.9 128
do. 2 - 12 4 1218 330 oa&.ll.2 82
D. 24 / 2 3 1574 57 3.6 19

o e S e 3 DN e S e e g S e G B0 S S e Tun b Sy S B M B O NS e A e S0 N Wt B e 305 S0 BA6 e D MEe e SO e e e S S b S M N ngy S S des mm W S N S B 2

Methods and Materials,

In the case of the panicums, which ordinarily shed
their seeds long before the last flowers have opensd, heads were
enclosed as described above but soon after flowering had started
and were shaken every day. This method was alsoc adopted in the

case of the D, Smutsii selections. In the remaining grasse-

small gauze bags were slipped over the heads after the last
flowers had opened and before any shedding had occurred, the
open ends being tied up to prevent the escape of sceds. The
bags were not supported by wire; they were left on until the
seeds were mature. This method worked wvery well with these

genera / ..
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s ents

génera, allowing of the normal course of pollination and
fertilization and facilitated normal development of caryopses.

All florets (spikelets in the case of Chloris and
Cenchrus) and all seeds were counted and the number of seeds
expressed as a percentage of the florets in Digitaria end
Panicum and &s a percentage of the spikelets in Cenchrus and
Chloris as in the latter two the spikelet is composed of 2 or
more florets which makes calculations on a "floret" basis im=-
practicable, The results of these studies are recorded in
table 2. .

TABLGE 2 : THE PERCENTAGE SEED~SETTING OF A NUMBER OF ECO-
TYPES AND SELECTIONS OF GRASSES: 1940-4#1 Season

No.of Gk
Kind of Grass and/ ﬁeéds Range (in %) ¢ Stand, Coeff.
or no (ecotype or ooy ©Of seed-set- seed Devia- of var-
selection). : ting ability set- tion, iation.
ered.
ting
Panicum Sp. ("ma=-
karikari'") seclec~-
tlons :
14 - 17 4 45.7 - 54.8 50.0 3,98 7.88
2 Lo 23 5 60.8 o 79.5 69-3 6!?5 90?5
13 - 12 L 26.7 - 42.8 35,2 fis 20,61
11 - 4 2 41.8 - 46.6 44,2 %,39 7.68
Tl = 1Y 5 B.0 ='22:8% 15,9 ' 5.3} 5557
15 = 5 5 15.5 = 21.6 17.6 2.44 1%,88
12 = 6 5 0-5 - l|6 0.8 e -
12 - 1 - - 48,7 - -
Digitaria Smutsii
selections : : S
y 1
L = 5y 16 9.9 - 37.6 24.0‘ 90.75 44,75 '5

Digitaria Smutsii / ..

') These values represent results from two separate
individuals in the same clone.
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. No.of e
Kind of Grass and/ heads hange (in %) 4 Stend., Coeff,

or no (ecotype or of seed-set-~ seed Devia- of var-

selection). eing ting ability ::;; tion iatior.
Digitaria Smutsii
st (5orn. )
B 14 9.8 - 38.5 21.6 - -
vy ) 14 13.9 = 35,6 27.5 - -
3 - 3 :) 21 19.0 = 46.6 21,7 - -
7 - & og 5 27,7 =39.2 32,7 - z
13 - 14 ;) 12 16.7 = 51.1 21,7 - -
17 — 17 o 13 22.4 - 59.6 33.8 = -
15 - 12 19 20.3 = 54.4 37.9 - -
16 ~ 6 :) 16  39.5 = 58,3 47,1 - =
16 — 329 14 29.2 - 55,7 44 .6 = -
8. 2" 12 2B = 467 3.7 - -
Digitaria spp.:
Mlobabi Flats 4:.708 6 0.9 = 12.4 5.7 4,07 71.4
Zanghunpan A.B16 6 63.0 - 83.8 76,5 7.29 9.52
Comoti R. NoJ1 A.B15 6 26,1 = 50.3 42.4 10.63% 25,07
iwzal No. 11 A.598 6 47,6 = 83.0 65.5 11.66 17.80
Nkoana Pits 5 A.594 6 5.6 = 13.3 8.3 3,46 41.68
Ngami Lake AG87 7?7 4.5 ~72.6 39,8 30,23 Y75.9
Molopo No.l . A. 38 6 10.5 = 57.3 30.1 16,73 55.55
Mobabi Flats A.717 6 19.0 - 44,6 30.8 B8.88 28,83
Chobi R. A701 7 21.4 - 84,7 49.9 22.7% 45,55
Comoti R. A.B699 6 25.1 = 72.2 41,2 18.16 44.07
Gomoti No.23 A4.685 5 52.3 - 90.1 68.7 16.97 24.70
Zanghunpan A?20 6 42.8 - 63.6  48.8 B.42 17.2%
Rakops N»o.6 A597 4 55.3 = 94,7 82.4 18,16 22.03
twaai No.23 A.B01 6 45,2 - Bl1.7 68.4 12,6 18B.42
7anghunpan A.730 6 37.7 - 62.6 46 .4 8.42 17.68
Rakops No. 5 A.,591 6 55.9 - 82.6 7.7 9.8 13,99
zanghunpan No.2 A.614 6 33.1 - 71.3 52.9 15.03 28.41
Umﬁlozi, seln, 3/5 7 7.2 - 22,8 15.4 10.77 69.9%
de. 3/6 & 5.1 = 14.6 11.}  10.86 97.85
do. 1/1 8 9,8 - 40.4 19.8 9.11 46 .51

U

0\ Chloris gayana / ..

%) In all these selections anything from 1 to & Beads were ei-
closed in the same bag, the material from each such bag bhe-
ing'counted together. Steandard deviations could therefor
not be computed for individual heads.
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Ave.
No,of
heads Range (in %) 4 Stand. Coeff.

e of sedd-set~ seed Devia~ of var-
o ting ability set~ tion. iation
ed. ting

Kind of Grass and/
8 no {ecotype or
selection),

Chloris gayana : i)

Et.Elim Hospital A.367 9 10.4 - 39.8 18,1 9.18 50,6
R. No. 1 seln. A,172 9 44,1 - 98,3 68,9 17.37 25,21
Diifents Riv, 4,202 9 6l.4 = 91,7 78,6 9.79 12.45
R. No. 2 Seln. A.174 10 40.2 - 93,2 79.4 16.5 20.88

Zebediela A.167 9 48,1 - 90.8 73,8 19.31 26.16
"Commercial® A.168 9 ?4.7 - 99,1 88,2 7.87 8.92
Greytown A.224 10 22,2 - 72,2 S52.1 17.01 32,62
Umflozi A.245 6 44,1 - 76.3 80.0 16,.0) 26.66
Lorenzo Margques 4,169 B 69.1 ~104.% 89.9 12.56 20.93
Nursery A. 83 9 75.4 - 91l.4 B84.48 5,56 6.58
Cenchrus ¢iliaris : 0
Hartjies Veld A456 9 5.1 - 41,7 20.6 12.72 61.75
Mt. Elgon 119 7 14,8 - B2.4 54,8 30.64 55,9
Groot Marieco A.557 12 37.7 - 72.4 52.5 10.72 20.41
Nursery No.l2 9 12.2 -~ 75.4 34,7 16.85 48.55
" n 334 10 14.0 - 50,8 29.7 15.68 52.83
4 LN 10 24%.2 -~ 73.4 39.6 15.008 38.1
" " 388 9 19.0 -~ 76,7 46.9 22.49 47,99
" 559 15 1.9 - 45.2 15.4 13.52 87.79
Dodoma " 118 8 26.9 =-123,0 6l.5 533.45 54,39
- A.,291 7 85,2 - 94,4 68,2 17.6% 25.9%
Hartjies Veld A.265 9 6.9 = 23.9 13.2 7,07 53.6
Wylliespoorst A.467 9 35,5 -129.0 64.2 31.28 48,87
Springbok Vlakte A,211 9 14,6 - 53,2 29.0 15.49 53,26
Martco ' 8 49,7 =-105.2 B85.1 19,28 22,86
Nursery 344 8 0.0 = 19,3 8.0 7.93 99,12
" 325 9 9.1 -40.,0 21.0 17.26 82.19
", 76 8 31.0 - 86.2 58.3 19,77 33,91
Marico Seln, 7 56,8 ~1%8.,5 88.5 25.23 28.51
Nursery No.75 8 43,0 - 96.4 63%.0 21.09 33,47
A " 292 8 71.6 = 95.4 80.5 7 .60 9.44
Brachiaria brizantha :
Weenean 4.495 9 27.3 -~ 47,2 - 37.0 7.47  20.17
L Rustenburg A.246 6 11.8 - 45,7 31,5 12.52 39,80
o e e e 1 o e e Discussion / .,

"') The seed-setting was computed on a spikelet
basis and not on a floret basis.
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. Discussion,:
The Panicum selections exhibited g very wide range
of seed-sebtting, which is in great coptrast to the values

secured for their delayed germination, as recorded helow. In

the ocase of the D, Smutsii seleotions, however, the vaiues
éggzmuch lower and conseguently the seope for 1mproveient of
seed production seems to be more limited,

The Digitaria eocotypes, on the other hand, offer
good possibilities for improvement in the direetion of better

seeding capacity. The C. gayana esotypes are, with one ex-

ception, quite good seed-sebters and are om the whole appreciab-~

ly better than commercial seced ohtained in the trade, as re~
vealed by our analyses. Yet if one oonsiders that the majority
of the spikelets contain 2 = 3 fertile florets, there would
appear to be ample room for improvement.

The C. ciliaris ecotypes are somewhat disappainting’

though a few of them are fairly good.

A notable feature of the results is the great varia-
bility registered in the majority}particularly in the Cenchrus
and Digitaria groups. This was anticipated as preliminary
studies had revealed such a condition, though it is not very
clear why it should be so unless it be due $0o the small size of
the plots and the consequent poorer chances for effeative pol~
lination. HoweVer, anthesls often appeared to be somewhat ir-
regular on individual plants. The results nevertheless indicate
that great possibilities for improvement in this respee¢t exist.

As regards the other panicuma/in general, observa-
tions indicate that, on the whole, they shed their seeds very
readily and seed~setting of the various specles and ecotypes
vary probably fully as much as obtained in the above selections.
Disease may, however, csuse much loss during the latter part
of the season. In connection with the digitarias , on the other

hend / ..
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hand, the position is a good desl less favourable than indieated
by the N'Gamiland ecotypes, the performance of which, as 8
group, is quite unusual. The majority of the balance of the
digifarias are poor seeders and from some ecotypes no seed have
so far been obtained. . A few have shown fair seed=~-setting, viz.,
"Port Elizabeth", "Ymkruip", "Kuruman", "North Rhodesia",
"Matabele Location" and Digitaria longiflora A6S.

Though no actual studies were made on Acroceras
macrum , the experience so far igmdicates that the available
ecotypes of this species mre very poor, with perhaps one ex-
ception and that shedding takes place sqoon, ag with Ehrharta

calycina . Similarly Paspaslum serobieulatum ecotypes appear

to be fairly good seeders and this applies, on the whole, to

the Urechloa spp. and ecotypes. Echinochloa and Setaria

ecotypes in our possession are, in the main, very poor., Some

Themeda ecotypes are fair seeders. Amongst the Sporobolus

and Eragrostis spp., some of which are also at¥racting st~

tention in conservation work, good seeders are to be found.

Some of the annuals, such as Urochlos helopus,

Dactyloctenium aegypticum, Brachiaria isachne, Panicum

laevifolium, which are pioneers under certain eonditions,

are quite good seeders.

Investigations on any phase of germination are of
little or no value unless tha number of seeds used im the tests
are known, as otherwise the/;Tz;?;:natxon sannot be ascertained.
A 800d deal of time was initially devoted to methods of eleaning
seeds; that is, separating bracts (coverings) devoid of
caryopses and/or removing tﬁe coverings themselves and so
setting the caryopses free, An improvised blower, constructed
~ for this purpose, proved very effective, but could only be

used /
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used for the sleaning of seeds of grasses like Panieum o
whereas seeds (fruif) of the digitarias, setariss ete,, pos-

sessing hairs end setae could not be cleaned in this way and

had therefore to be germinated in the uncleansd aondition, the
oleaning being accomplished on the sompletion of the germina-
tion test and a&fter drying of the seeds. For this purpose a
suitable method of cleaning (i.e. for removing the coverings)
of the seeds had to be evolved, the proecedure developed for
this purpose consisting of the rubbing of the fruits between
rubber surfaces to release the e¢aryopses.

The use of transmitted light for the separation of
fertile and unfertile spikélets @appeated 'umservisesble:” ‘It was
found that @onecn. H2504 could be used for removal of the hairs
and that after washing and drying the separation of the spike-
lets deveid of oaryopses could be effected by blower, but
though this proved useful for certain work, it could hardly
be oonsidered safe for all purposes. Even if suitable means
0f removing the coverings (bracts) mechanieally qould be found,
there would still be the possibility of injury to a percentage

of the caryopses.

Methods employed in the germination tests.

It is customary 16 germination tests to eount out the
seeds for a test,beforehand and then to place these on the
particular substratum for germination. As explained immediate-
ly above, however, no satisfactory means of pracleaning the

Jhese
seed of many og‘jh; grasses has until now been evolved. For

this reason the general procedure adopted was to take a gquantity
of "seed" to furnish at least about 400 caryopses per test. |
This necessitated that a rough estimation of the seed content

of every sample of seed empleyed should be made. On the whole,
the number of caryopses used was in excess of 500. GCermination

tests / ..
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tests were not replicated for the majoerity of the studies re=- ‘
ported; recently, however, replication was introduced. ‘It is
appreciated that without replieation one has no real sheck on
the uniformity of germination but under the eircumstances this
appeared to be impraeticable, and, moreaver, large numbers of
seeds were employed. Throughout the germination tests were j
made in petridishes, using clean, heat-sterilized quartz sand, |
distilled water and filter paper as the substrate, The quanti- |
ties of sand and water were measured, in corder to control the
moisture eontents at the start. The petridishes were always
placed together in the same ineubator held at a constant temp-
erature of 28% (initially 50°c). Counts were made dail;%énd
the moisture content adjusted at this oaccasion, when necessary.
Before entering the tests,all lots of seed were treated with
Tillitine R, Electrically controlled incubators were used
throughout and for all temperaturss reported a fluctuation of
about 1°C above or below is to be understood., The abbreviatfﬁn
ea, for "circa" is therefore prefixed. Results were always
ihased on short-period germination tests of.about 10 -~ 14 days,
according to the kind of seed employed. This was done to
sliminate, as far as possible, secondary influences arising out
of an extended stay on the seed-bed. .

Temperatures of 28 =~ 50°C were employed, because too
low or too high temperaturesﬂf:: ynfit for the majority of seedsﬂ

A e
whilst slternating temperatures stimulate germination. More-

over, preliminary %ests indicated that this range was gquite
satisfactory which subsequent stdies have confirmed, as dis-
syssed elsewhere. |

The influence of various conditions or treatments omn
the germination of seeds in a'State of delayed germination is
.discussed below. '

Even / ..

T =iF v ;
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Even and alternating temperatures.

In 1936 tests were carried out with even and altern-
ating temperatures on about 30 kinds of seed. After employing
7 = 8 days of even temperature at ca. 3000, the combination of
6 hours at 40°C &+ 17-18 hours at 30°C was introduced for 4
days. In ecomparison with the former conditions, the latter
produced marked stimulation (table W in appendix) in the case

af Sporobolus sp. G37, Dig. milanjiena D36 and Panicum

Sp. "makarikari" C79. Of the balance, 18 kinds showed no sti-
mulation and the others varying amounts. Arter Introducing the
combination 6 hours at room temperature plus 18 hours at 3000,
Panicum "Makarikari" C80 showed more stimulation than-C?9;
the rest of the kinds exhibited little or mo response. After
8 further 4 days the combination was altered to room temperaturé
during the day and 40 - 42° during the night, under which
conditions CBO again showed more stimulation. C79 and P. minus
Fl“% derived mofe benefit than at any previous.oocasion. phils
was true of also a few other Panicum ecotypes which had not
.shown any stimulation previously. When, after 4 days under
these éondiyions, 6 hours at room temperature (daytime) and
18 hours at 4000 were substituted, only D36 yielded a very
distinet response.

In the following test, 6 weeks afterwards, the same
combination as previously was introduced after B days of even

temperature, giving the same response as previously}exceptxgg

that DBS)which had now registered a much higher germination
during the even temperature period (table X, appendix), did not
yiaeld the same amount of stimulation as in the previous test.
For the rest)the responses were essentially the same as in the
previous test and this was also true when 6 hours =t room
(during the day) plus 18 hours at 30°C was thereafter sub-
stituted, When, after 4 days, this was replaced by & hours

at / .
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at room and 18 hours at 40°, D36 did not, as in the previous
monthly test, show stimulation, but Fl4 and G37 were new slightly
benefited.
In the subsequent test, & weeks afterwards, C80 showed
no stimulation (table Y, appendix))ﬁhere in the previous tests
it had shown a2 fair inercase after substitution of the first
combination of alternating temperatures. Otherwise the
responses were essentially the same with this combination.
Favourable alternating temperatures during germination
often yield a very marked stimulastion as compared with even
temperatures. Thus, for examplé, 1% months after harvesting
Panicum sp. CB0 showed a 70% inerease over the germination at
even temperatureywhereas about & months after harvesting the in-
creass under the same conditions was 95%. Apparently the effect 1
of any ecombination of temperatures will vary according to the |

stage of delayed germination. Pasﬁalum virgatum, on the other

hand, gave no germination during the even temperature period at
30O or the subsequent 4 days at 6 hours laborstory temperature
plus 18 hours at 30°, but ¥hen this was followed by the combin-
ation 6 hours inm laboratory (daytime) plus 18 hours =at 40°. the
delayed germination was,broken to the extent of 974 within =
few days.

At other times, however, little or no stimulation ecan
be secured by alternating temperatures. Thus, for example,
Urochlica A.182 (of 4/3/41), when set out at 200, at 40° and at

20 = 40°, 3> months after harvesting, gave no germination. Also,

Digitaria “Kwaai" 11 (of 30/1/4l1) subjected to the same condi-
tions, 5 months after harvesting, could not be stimulated at all
even though at léast 50% of the embryos in the latter were ready |
for germination. In the rormer’apparently}no embryos were ready
for germination, as will be observed below. It would then 2eem
that the application of alternating temperatures like in the
case of soll, is capable of overcoming, to some extent at least,

the / ..
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the seed~ocat and "embryo" restrietions of only certain kinds f?
of seed.
In studies om suitable conditions for the testing of

Chlorls gayane seeds, it was found that the most favourable

germination, in comparison with greenhouse soil tests, was

realized with a combination of 20 - 30°C at the usual perieds.

Low temperatures,

Though other workers have often found prechilling and
low temperatures stratification or even low temperature germina-
tion effective or partly so, even with the Grémineae, the

e 7{‘1 3 KT present
method haﬁ‘not'proved to be of much use inAunz.studies thus far.

Digitaris Iake N'Gami of 11/2/41 was germinated in
sterilized sand of three different moisture contents viz: 704,
50%, 40% (expressed in terms of the waterholding ‘capacity) at
10 C but no definite response was realized even when the petri-
dishes were subseguently transferred to the 28°C ineubator.

Along the same lines as immediately above, an experi=-
‘ment-was undertaken on 7 September, 1941 with Panioum NK36 of
27/1/41 and Urochloa N183 of 24/1/41. The seeds were kept at
5% in moist sand of varying moisture-contents for different
periods and thereafter germinated at 28°C. The moisture~contents
employed were 75, 100 & 1254 ms expressed in terms of the water-
holding capaeity of the sand. The data are tabulated below.
TABLE 3 : SHEXINZ THE EFFECT OF KEEPIEG SEEDS OF

Panicum %nd Uroshloa AT § G IN STERILIZED
SAND OF XKRX MOISTURE-CONTENTS AND FOR
VARIOUS PERIDDS ON THE COURSE OF THEIR DE-
LAYED GERMINATION. GERMINATION TESTS TEN DAYS

AT 28%.
% Cermination/..
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""""""""""" % Germination with various periods of Treatment

6hrs 12hrs 24hrs 2days 7dys 1l4dys 4wks 6wks

TS N e et e e i e B Bt Bt B e Wk o e B i . o . B o e o o s B e e B B Bt s e e

75% moisture-content:

Panicum N36 2 4 7 32 %6 55 27
Urochloa 0 0 i 0 0 1 0
100% moisture-content
Panicum H36 0 6 8 13 40 41 1%
Urochloa 2 0 0 1 ik 0 0

125% moisture-content :

Panicum N36 LSS 4 2% 46 L4 26
Urochloa 1 i 3 0 3 5 1
e e e e e e s e . s s o s e e it B B o e f e e :)--.p--“-{--::-{-———_

fif Attt

It would appear that moisture éontent hgg little,
if any, effect on the course of delayed germination of either
of the two kinds of seed used. The period of low temperature
treatmentﬁéZi however, ar important factor and it would seem
that a 14 days periad’;;fquite adequate to induce the grsatesss
stimulation under these condiﬁions, The controls for the
Panicum and Urochloa were respectively 3.5 and_o%,.thus

-

giving a maximum stimulatior of about 504 with the former.
Light.

The effect of light on germination has received much
attention and that it may be an important factor in germination

ir isolated cases, is revealsd by the undermentioned studies.

Panicum coloratum €99, was observed to respond well

to conditions in front of a west-fécing laboratory window, after
the usual germination af ca.BODC in a dark incubator. As ligut
sseg?ito be responsible for this favourable influence, seed of
this ecotype was subjected to alternate light and dark treat-
ments (where A -~ the pevridish started off with light treatment
and B = the petridish started off with dark treatmen#, black
photographic papcr being used to obtzin. . iarkness). The test

WEE /e
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was conducted ir front of the same window, giving the following

germination percentages -

T ABL E 4 : THE EFFECT OF ALTERNATING LIGHT AND DARK
TREATMEMTS (DURING THE PERIOD OF GERMINATION
ON THE GERMINATION OF pPanicum ECOTYPE €97
OF 6/3/36.

First ____Subseguent Foll. Next  Total

12 days 12 days 16 days . 13 days 5 days %

e S e e S S S e S Y S B e T W B e . B . M Bt B e S e s o B B e it Yo Wt o JON (e B s 2 e Ew o o W T B S0 T S

in light: A 6.2%.\\; B 21.8% —71.8%- _ A 10:4% . B 0.5% A65.7%
in dark : B47.2% NA B0.5% — #.3% 7 B 2.1% ¥A 4.3% B73.4%%

Darkness was better than 'lignt' to the extent of

epproximately 40% (first 12 days results). the latter almos?

completely inhibiting germination, féontrary to expectationy} In-
~id-n+tally the control ir the incubator also gave ca=40%, which
wpuld appsar to indicate that the illumination received gvring
the periods when daily counts were made, had_littles if any,
effect on the germination capacity. The original favourable

rezponse was most probably due to temperature fluclustions,

() The results further show the sensitivity of seeds

~ to such influence, particularly when on the seedbed and whilst
in the condition of delayed germination. An attempt is always
made t0 expose Eceds (in the petridishes) as little as possible,
when seedlings are counted out, in order to obviate light and

temperature influences as much as possible.

Light and XNO,.

Owing to the need for more inmformsilon zinui light
irfluence on the seed of native grasses, further tes' s with
several kinds of seed were undertaken the results cf vaich

appear in the tﬁble below.

PTABLE & / o
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------------- THE EFFECT OF LIGHT AND KNO4 (0.2%) ON
THE GERMINATION OF VARIOUS KINDS OF SEEL
WHEN KEPT AT ROOM TEMPERATURE 1IN TFRONT OF
A SOUTH-FACING WINDOW. "DARK" DISHES WERE
NOT OPENED UNTIL COMPLETION OF THEE TEST.
(The values in brackets are those obtained a
fortnight earlier when the seeds were germinated
ir. the greenhouse and the "dark" @dishes were
opened % times fr counting during the test).

2 x 100 SEEDS PER TEST WERE USED ; DATE
OF TEST 4/10/41.

Light Dark Light Dark

3
Kind of grass; plot no; Cortrpl plus plus plus plus

date of harvesting at 28°C Water Water KNO, KNO,
Panicum leavifolium -4 RS 26.0 63.3 20.5
N.K. 363 3/2/41 (22.3) {41.3) (68.3) (14.6)
Panicum sp. -6 18.8 43.0 14.5 31.3
A 1463 24/1/41 (21.3) (44.8) (41.5) (24.6)
P. scroblculatum - 0 151 2585 19.0 29.3
575 2571/qi (1.8 ) {26.6) (189.0). (25.3)

P, iiotatum T . o - -
A 2403 27/1/41 (0) () (530). - (10.2)

Brachiaria brizantha 0.5 - = - -

A 259; 24/1/41 (0) (0) (0) (0)

Urochloa sp. DaThH o ) e - - =
'W.K. 85; 24/1/41 (0) (248) (B:3) (2.5)

- e . S e T g P P e e e e e e B e (e o S g e e s o e W e 2 B S S el B e T SR B s N ey e S B I RS GRS RS M g S S

The above results obtained under room and glasshouse
conditions indicate that illuminatioh may play an important
role, in the germination of seeds which exhibit delayed germ-
ination...On a sand-water scedbed (in petridishes), darkness In-
sreases the germination of three out of the six kinds very ap-
preciably or, in otizer words, light reduces or partly inhibits
germination. It is, therefore, not unlikely that the phenomenorn
is widespread in the seed of our natlve grasses. The more

extreme/
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extreme conditions in the greenhouse, in respect to temperature

range, have apparently slightly increased germination, even

for the dark treatments, which, if anything, should have shown

lower values because they were opened three times for counting.
With a sand - KNO3 seedbed the position is very dif-

ferent and the response no longer consistent. P, laevifolium

now shows about the same germination in the dark as with water
in light, whereas with'light the germinability rises over 43%.

That means, KNO, is harmful in dark and stimulating in light.

>

With the Panicum Al46, KNO, is harmful in both light and dark

3
but more so with the former, though not so harmful as with

light and water. With P. scrobiculatum , on the other hand,

KNO3 in dark is about equal to water plus dark, but with light‘
it 1s not ag harmful as is water plus light. The above d4if-

ferences obtained for P,laevifolium and DPanicum sp.Al46

were later (three months afterwards) found to be largely
obliterated when the seed~-coats were broken before the applic.-

tion of the same treatment.

In order to find eut whether soaking in water and sub.

sequent germination in KNO or soaking in KNO_, and germination

B 3
in water will have any value for sceds which are in the condi-

tion of delayed germination, 2 eeootypes of Digitaria were
scaked for 2, 6, 12 and .24 hours in both of the above series
and thereafter germinated in the two respective media. The

outcome of this experiment was that there was little in favour
/ﬁ yotrsliom & ?e'rmfua.'f.réu of

of any of the treatments for}either of the ecotypes.

The breaking of seed-coats was studied in relation

to light-, darkness-, water-, KNO,~ treatment, using P. maximﬁ

3
N.K.122 of 18/1/41 and P. laevifolium N.K.36 of 3/2/41, +The

comparison was made in October 194) and January 1942 respective

ly. The controls at 28°% were 8.5% and 1i.5% respectively.

TABLE 6/ ..
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TABLE 6 : THE EFFECT OF BREAKING OF SEED-COATS ON
THE GERMINATION OF P. maximum N.K.122 AND
P. laevifolium, N.K.36 WITH LIGHT~DARK AND
KN03~WATER TREATMENTS.

I [ e e s e, [ S S i i e S g S B o St o S . S . s U g G . S0 o ok . St e T ot s S . o . (o T W . . S G P g T . i S o . e S 3

Light Dark Light Dark
Water Water KNO5 KI\TO3

P. maximum; seed=coats broken 15.0 8.0 4.5 23.0

do normal fruits 18,5 25.0 18.0 11.0
‘P. laevifolium; seed-coats broken 78.0 82.0 90.0 74.0

do. normal fruits 10.0 10.0 40.0 26.0
e e e NS 0L . IGS. 86 O [ . 248 __

With the seed of the N.K.122 ecotype, tested at room
temperature, breaking of the seed-~coats was apparently harmful
with dark plus water and light plus KNOB; but favourable with

dark plus KNO On the other hand, with the seed of the N.K.36

3"

gcotype, tested at 2806, all treatments were favourable with

breaking of the seed-coats, the best one appearing to be light
was

plus KNOB' In the later line of seed thereﬂia—a tendency for

the differences shown with the germination of normal fruits to
become obliterated by the breaking of the seed-coats, In this |

case the delayed germination was largely due to the restric-

tions imposed by the seed-coats.. In the other line of seed,
however, the 'embryo' factor was the main cause of the delay |
and here the responses were not in the same direction.

¢ From the above it would appear that illuminatior
employgﬁ in these studies, may be an importeant factor in the

germinétion of the seed of indigenous grasses, and is & factor

to bﬁ/;eckoned with in ény studies on the problem and condition
of d%layed germination, ir order to obviate any unwarranted

conclusiions.

Light/and other salts.

The value of Mgclz, MgSO4 and HaNO3 as media in
e

$ 7 concentrations /
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concentrations of 0.2% (solutions) was studied with seed of

Brachigria brizantha A.259 of 24/1/41, and Urochloa A.183

of 27/1/41. In all but the Setaria the controls with water
/

ed 4
in dark registe; under 1%. The Setaria shoW; in the dark
with water, MgSO,, NaNO; and MgCl, resp. 52.5, 49.75, 74,0 M8
and 51.5%’ whilst in light the values were resp. 68.0, 60.75,

69.5 and 69.25%. These results would tend to indicate that

was
light s more favourable than dark, for this kind of seed,not
was
only when waterﬂis used. £s a medium, but also in the case of
Wad

the salts employed, but that in light NaNO *éﬂ-distinctly harm-

3

ful., The salts are therefore no better than water. The ex=-

periment was conducted over the period October-November 1941,

The influence of seed-coverings on germination.

In Chapter 2 the influence of coverings in relation
to the breaking of the seed—coats will receive attention and it
only remains to note the effeets of the removal of the coverings|

(paleae, etc.) on the immediate course of germination. As the |

caryopses of Chloris gayana are not tightly enclosed by their

coverings and therefore easily removed without injury, the ex-
periment was conducted with seeds of this specles, the result
being that the immediate effect brought an increase in germina-
tion of about 114 ﬁith this ecotype.
The removal of coveringe was also attempted for other
genera, but owing to the diffieulty of removing caryopses with-
out injuring the seed~-coats, these reéults cannot be considered
as reliable, although large increases were registered in a few |

cases, However, at other occasions, Chlorlis gayana ecotypes

showed differences of 23% in favour of the removal of caryopses, |

whilst . Sporobolus ecotypes, in which caryopses are readily

éet free without injury. 4% was the maximum difference

registered.

Summary / ..
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Summary.

A B e Do Do S b See St s Smm e Sus e S mm

The following is a sﬁmmary of the above studies :=-

Seed=-setting was studied in a number of ecotypes and
selections by enclosing individual heads and not by har-
vesting of individual plots, as the latter was impracticable
It was computed as a percentege of the number of spikelets
per head, so that where there is only one floret per

spikelet {(e.g. Digitarias), the values are on a floret basis.

Wwas
Great variation in seed-setting is-exhibited fn certain

groups studied,more than in others) not only within the
same exotype, but also within the same specles and within
the genus (between spp. of the same genus). Climatological

influences would appear to be importent in seed=-setting.

Wwas

Excellent seed-settingﬁé&—exhibited by certain of the

Digiteris ecotypes studied, as also by certain of the
(%
selections of the 'Makarikari' ecotype of Panicum coloratumk

and by certain ecotypes of Chloris gayana and Cenchrus

ciliaris,

wes

Good seed-setting is not always assoclated with the best
growth habits, but from a practical standpoint, there is,

on the whole, good scope for improvement.

The effe¢ts of various treatments and conditions on the

germination of non-afterripened seed were studied.

All evgn temperatures so far studied, were ineffective to
bring about anywhere near complete germination of seed in
the condition of delayed germination and at best only

presenfed an evaluation of the

=¥ e

Jee [ oable X ChLnls gayawa T4

condition of delayed germ-

ination.

On the other hand, alternating temperatures may bring about

a marked / ..
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& marked increase in germination af sueh seced, in some
cases almost amounting to eomplete germinatisn, The re-
quirements in this respect varied fer different kinds of

secd,

Low temperatures of 15 or 20°C were g6 far not found to be
effeetive for inducing germination, thougﬁ it may he useful
for ceresals sto. Even when the moisture coﬁtent of the
seed-bed (sand) was varied at the former temperature, the

conditions were ineffeetive.

Preocooling at 5°C. for definite periosds, appeaﬁ?yto be a:much
more effective method of inducing germination, though that
may only be true of the sced of certain lineg. The moisture
content of the seed-bed would appear to have little or no

effect on the course of germination.

Light hag a very important effeet on the germination ef, ap~-
parently, an appreclable percentage of the seeds of indi-
genous grasses, the majority, however, appearing not to be
much affected by light or darkness. The sensitivity varied
according to the ecotype, some being sensitive to light,

others to dark.

KNOB and, to some extent, other salts, may have a very
favoureble effect on germination, but sush effeects may be

influenced by light and dark.

Breaking of the sged~coats tend;tto obliterate the dif-
ferential effects of light-dark and Knos-water treatments

in the one line of seed used, but not in the other.

The influence of seed-~coverings (brasts) on the course of
germination is reported, it being shown that thic may h-'-

about appreeiable Jdifferences.

1T/ e

e




University of Pretoria etd — Liebenberg, L C C (1942)

= 25 =

EX s

THE PROBLEM OF DELAYED GERMINATION
AND
THE EXTENT AND DISTRIBUTION OF THE PHENOMENA
ASSOCIATED THEREWITH
IN INDIGENOUS' ! GRASSES; -

M e b e W MR e B B S

The scope of the problem as revealed by the literature.

The occurence of delayed germination in cultivated
and wild species.

The 'hard seesd' problemn.

The problem of permeability.

The role of seed~-coats in delayed germination.

The role of the embryo.

ithc breaking of 'dormancy' in plants, tubers etc.

The significance of growth substances and their
application.

Germinatiorn-promoting and germination-retarding (or in-
hibiting) substances.

The extent and distribution of the associated phenomena .,

(1) The course of delayed germination :
laterials and methods used in the survey of 1936-37
season seed,
Discussion.
Qutdoor and indoor storage.

The behaviour of N'Gamiland ecotypes and of Setarie
and Chloris gayana selections,

Discussion.
Seed of the 1940-41 sezson.
Discussion.
Soil tests.

(2) An analysis of the apparént causes of delayed germination.

Methods and msterials.

Discussion.
The effect of seed-coats on the course of delayed
germination.
The influence of coverings on the course of delayed
germination,
Summrz. O P o I T

ERT e e e e e e e The scope /
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The literature on germination is a voluminous one.
That part dealing with the Gramineae has received attention from
Lehmann and Aicheéle in an excellent treatise published in 1031,
in which the literature was very fully dealt with. Despite the
results of numerous investigations. the story of the develop=~
ment of seed from a condition of rest or inaotivity into one of
ectivity, and so intd a seedling, is as yet an inécherent one.
So early as 1908 Ewart (in referring ‘to longevity) stated that
probably few sections of human knowledge contain a larger per-
centage of contradictory, incorredt and ﬁisleading observations,
tilzrp are to be found in the works dealing With seed longevity.
Perhaps he was overcritical, yet éfter a lapse of over thirty
years the position in regard to the ﬁarious phases of the sub-
ject is little different and botanical science is still unable
to present a coherent story. Whether this must be interpreted
&8 signifying that in different kinds of seed different patterns
or orders of complex antivities are or are not involved, or
whether the pattern is, witrin the group of seed'blants, essen-
tially the same,differing only in the lesser features, will
still have to be slucidesed. One fact, however, is apparent
& seed 1s a very sensi‘ive organism, readily reacting to, and

influenced by, envirr-mental conditions,not omnly during its

)
neriod of d rpendence but also during its indenendsnt existence.

This b=in, so, it is only natural that our efforts to learn
more about the biology of seeds, tend to bz confused by externsl

factors.,

{ By delayed germination is implied the inability'of

[
seeds t¢ gorminate naturally when vegetative maturity has been

attained. Other terms employed are : aftermaturation, after-
A

Ve : ripening / ..

y
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ripening, dormancy, rest period; in German :"Naohreife",
"Keimruhe" and "Samenruhe®. But any term implying a degres
of ripeness or "Reife" or that of rest must be, in 2 sense,
inappropriate aﬁd therefore the general term of delayed germ=-

ination, is here adopted.

The occurenceof delaved germination in oultivated and wild

specles.
Delayed germination is ordinasrily not a serious

problem with agricultural seeds but it is nevertheless present
in varying degrees in most, if not all, orop seeds under certain
conditions and has received the attention of workers in all
parts of the world. Lehmann and Aichele (1931) have oatalogued
this information for individual cultivated genera belonging to
the Graminese. In the case of other cultivated genera, fruit
trees and forest trees, one can mention studies by such werkers

=~ Takcn (1911, Fraxinus and Pinus), Davis and Rose (1912,

Crataegus), Rose (1915, Delphinium, snapdragon), Larsen

(1925, white pine), Joseph (1929, Betula), . Davis (1930,
Ambrosia), Crocker and Barton (1931, rosaceous seeds), Borth-
wick (1931, carrots), Flemion (1931, Sorbus), Giersbach and
Crocker (1932, wild plum), Haut (1932, apple, peach and cherry),
Kearns and Toole {1932, Festuca spp.), Steinbauer (1932, arti-
chokes), Steinbauer and Steinbauver (1932, elm), Barten (1934,
Tilia), TFlemion (1934, Symphoricarpus), Schroeder (1935,

Benzoin), Simpson (1935, cotton), Thompson (1935, lettuce),
Flemion (1937, grape seceds), O0Odland (1938, cueurbits), Watts
(1938, cucumber), Riccharia and Dhodapkar (1939, Sesamum),
Smith (1939, Humulus), Choate (1940, Echinocystis).

That delayed germination probably has an important
role to fulfill in nature, can not be disputed and where breed-
ing methods have tended to eliminate it entirely, it has led to
such phenomena as after-harvest sprouting. With apparently &

tew / ..
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few exceptions, the seeds of wild species always show sote. ..
degree of delayed germination, which may take several years to
overcome and the behaviour of our indigeneous grasses in this
respect is therefore, unforiunately for our pasture development,
no exception. .In America the results of investigations by
Howard (1915), Dshlberg (1917), Mitchell (1926), Adams (1927),
Jackson (1928), Fivaz (1931), Nichols (1932), Ransom (1935),
Blake (1635), Barton (19%6). Griswold (19%6), Wilkinson and
Stoddart (1938), Burtom (1939), Toole (1939), Pladeck (1940),
Toole (1940), Toocle anmd Toole (1940), Toole{l941), Wengar
(1941) and some others;in Europe, those of Wiesner (1894)and
11898), Niethammer (1927), Biklzmeier (1928), Niethammer
(1929), Dbrfel (1930) =and others, nave demonstrated the wide-
spread nature of the phenomenon of delayed germination.

In South Africe little work has beern done on fermina-
tion in general and on that of wild species. Henrici (1935)
and (1939) has reported on the germination of Karroo-bush seeds,
including a numbesr cf species of compositae in which after-
ripening was recorded for all species, being very prologged in
some cases. Levyns (1935) studied 3 spp.. recording after-

ripening in Elytropappus rhinocerotis , and delayed germina-

tion in Anthospermum aethiopicum and Relhania genistaefolia.

Gill (1931) has reportzd on the now well-known delayed germina-

tiorn in Paspalum dilatatum.

The ‘hard seesd' problem.

— e

In connection with 'hard' seeds in the Leguminosse,
a phenomenon which is responiible for delayedé germination, an
exteﬁsive literature has accumnulated and is is interesting to
note that here, where the deléy n germinction is apparently
a very simple oneélEZéthé.impermeapiii%y of the seed=opat .
$%¢$§$;é@w;n¢hbreyis”nh*agrqemant.bn“tb@“?undémeﬁ%a%'cﬁtge

*theredt, though ~some very LY
goeld/ &k
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good papers havé been published on the subject, the rasults

of which have an important bearing on the major problem of the
present studies. Harrington (1916) summarized the oceurrence
of Mard seeds‘in cultivated species.

' The factors of importance are :- to what is the im-
permeability of the testa to be attributed; by what means ean
this be overcome or lessened; what conditions, after harvesting,
bring about, reduce, intensify or tend to intensify hardness ;
and, finally, how can this knowledge be applied to the problem
under discussion.

To the general question of permeability and semi-per-
meability attention will be given further on; here it may be
stated that the strueture of the testa of leguminous plant has
received attention from such workers as Malpigh (lg87). Pammel
(1899), Bergtheil and Day (1907), Ewart (in collaboration with
Miss White, 1908), Coe and Martin (1922), Lute (1928), Zim-
mermann (1937) who quotes: Sempolowski (1874), Beck (1878),
Mettirolo and Buscalioni (1892), MBller-Griebel (1928) and
Netolitzky (1926). TFrom outside inwards the normsl cross-sec-
tion of a 1eguminoussee§ shows a cuticle, & cuticular layer,

a palisade layer or Malpﬁghi;n layer, an osteosclerid cell layer
the wholse combination constituting the testa, which is underlaid
by parenchyma cells (nutrient layer). The developmental history
of the strophiolum has received little attention, though Zim-

mermann;k195?) studied that of 4 species belonging to the 4 ge~

nera ‘#hthg;us,_ Phaseolus, Melilotws and Lupinus. Thie, as
well &s the anatomie studies of 19 other spp. revealed & types o
anatiomic differences, but a relation between anatomic structure
of the strophiole and hardness could not be established. Also,
testa thickness was investigated for 19 spp. and a relationship
traceﬁjhétween thickness and hardness, Three types of anatomic
dirﬁgéencas of the palisade layer were evident., Though in the

7
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24 spp. (14 genera) of Papilionatae studied by him, one type

was always associated with soft seeds, the other two types in-
cluded both permeasble and impermeable seeds.

Ippelito (1905) and Hiltner and Kinzel (1906), acceord
ing to Zimmermenn (19%7), regarded the light-line of the
Malpighian cells as the seat of impermeability. Similarly,

Coe and Martin (1922) and Martin (1922) attributed impermeabili-
ty to this region, though the work of Junowicz (1877), as re-
ported by Zimmermann (1937), of Kilhn (1925) and of Lute (1928)-
tend to diseredit this view. The latter worker, studying

Lupinus angustifolius, found the impermeable region to be

located in the lower parts of the palisade cells. ZLute (1928)
similarly traced the cause (in lucérne) to the Malpighian cells..
Nelson (1924) thought that hardness was due to0 a varnish=like
deposition 9n the seed surface produced within and by the pod.
Schmidt (1925) likewise believed the cause to be that of the
outer covering of the coat, which he thought was a waxy sub-
stance, one layer in lucerne and 2 layers in sweet clover.

Bergtheil and Day (1907) working with Indigofera arrecta

traced the impermeability to the cuticle and (according to Zim-
mermann) this view was held by Wiibbena (1893), Ewart (in col-
laboration with giss White, 1908) found in & large number of
seeds that a thin membrane was always present aq% that it con~-
tained a material known as Eutiolé, which material may alsc he
laid down in the walls of the palisade cells. This 'cutiecle
(Rees 1910) is "believed to be formed by the layinz down of
particles of waxy or fatty substances in the a.ready existing
cell wall",

Von Hbunel (1875) - according to Z mmermann (1937) -
found a higher con entration of silicic acif in the palisade
layer of hard seedc. Physical fa tors werc, however, held
responsible by Lakon (191%). Puchner (1915’ =2nd Nilssen (1926),

1;"“./5‘6'?'? -
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ag cited by Zimmermann. Thus, through dessication of the seed~
coate the palisade cells would press against each other so
strongly that water can not pass thrsugh, Kiihn (1925) found
in the lower parts of the palisade cells abundant pectin which
he cansideggdwith drying out to assume a oondition in which
swelling’ggfimpossible. Zimmermann (1937) als§M§f;;§ this
pectin accumulation in 13 spp. studied and heﬂ%h%aks-that with
drying this colloidal pectin falls out and so could cause 4if-
ficulty of swelling. Hamly (1932) studied the testa of Meli-
lotus michrochemieally and found that the impermeable region
was ﬁue to a layer of tightly appreased suberin caps.

Hamly (1932) reported softseededness in Melilotus
alba to be irreversible, the permeability occuring through
the opening of a cleft at the strobhiole. This cleft eould be
produced mechanicaelly or by mederate heating. Contrary to this
view, is that of Behrens (1934), Esdorn (1930) and Stutz (after
Zimmermann) (1933),0f the reversibility of hardseededness of the
material and conditions under which they worked.

Many treatments have been tried for lmrd sesds,
Seratching or breaking the seed coat is always effective and
therefore mechanical scarification is, as far as possible always
adopted. Chemiezlly this is generally accomplished by sulphur-
ie mcid, though Rees (1910) elaims that the waxy material of
the sutiole was effectively removed hy ochloroform, whilst Gehl-
sen (1931) found HCl amd H,0, in several conceniratians. ef-
ficient. As regards physical means, many methods have been
found useful. TFor example, Rivera et al (1937) found high hydrpo
statie pressure as a rule effective, Davies (1928) reported
high pressure Pr 1 minute effective with Medicago. Midgley
{1926) found dry or moist freézing or moist storage effective
for lucerne; also Rodriguez (1924) found freezing dry and wet)
fairly effective for lucerne. Hiltner and Kinzel (1906),
Sohneider / ..
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Schneider - Orelli (1910), also = according to Whitcomb(1931)~-
Stevens and Campbell (1912), Staker (1925), Stewart (1926),
Jones (1928). Lute (1928) found heat, usually dry, an efficient
means of overcoming impermeability, often to a very lerge ex-
tent. Boiling water treatment or live steam has been success-
fully employed by Stevens and Campbell (1912), Schmidt (1924%)
and others.

Many workers have studied the conditions which affect
impermeability favourably or unfavourably. Thus Behrens (1934)
established a é;tnm in regard to hardness of seed-coat which
followed@ more or _ess closely the periodic annual fluctuation
of absolute air moisture. Bredemann (1931) found that in

Lupinus luteus the seeds became hard after harvest, this being

governed by absclute atmospheric moisture and temperature.
Harrington (1916), Witte (19%1), Gadd (1938) and others have
found that seeds forming during favourable seasons contain

100% hard seeds. Gadd (1938) further found that heat favoured
snftening of lucernc seed whilst red clover seed softened bet-
ter under conditions of cold, if not particularly moist. By
freezing at the tempecrature of ligquid ai;’Busse (1930) made
sweet clover and lucerne permeable. Zenari (1928) found imper-

me2bility to be influenced by climate and soil.

The nrnhlem of permeabllity.

The problem of delayed germination in seeds, apart
from that of legumes’is one whioh assumes wide proportions,for
not orly is it cne which is concerned with the much studied and
vexed question of semipermeability of seed- and fruit-coats buf
also that of immaturity and growth inability of the embryc as
well as the availability of nutriernts; of activation or in-
activation of reserves., including growth substences and enzy-
matic activity.

Giglioil / ..
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Giglioli (1895) reported on vitality of lucerne and
other seeds stored for over 16 years in alcohol, gases stc.,
whereby the selective pérmeability was demonstrated. Dixon
{1901) confirmed this but A.T.Brown (1907) was the first to
disCOVef and study the semi-permeable membrane in barley etc.,
and this he found to be the spermoderm (remains of ovular inte-
guments together with the outer layer of nucellar tissue).
Schroeder (1911) confirmed this for wheat as far as penetration
of chemicals was concerned. He suggested that absorption was
exclusively at the embryo with the subsequent spread I XkE
X¥EEEEY within the semi-permeable emrelo;nj;:’{/‘E f%%h suspected
the nucellus epidermis, Schroeder, however, found a typical
cellulose reaction for it. "SpEter stellte er in Verbindung
mit Koller(1921) fest, dass die nuzellarepidermis in gequolle~
nem Zustand vdllig permeabil ist. Dagegen wird das als kutini-
siert erkannte innere Integument als semipermeable Membran an-
" gesprochen., Diese Meinung wurde aueh durch weitere Untersu=-
chungen immer bekréftigt." (Lehmann und Aichele). Atkins (1909)
(after Shull 1913) failed to find selective permeability in the
coat of the bean. Reichard (1912))studying the testa of barls),
attributed much importance to tennin or tannin-rich compounds,
were consideved %
,Apass from a sol

into gel condition and back under certain conditions. He

which, under the influence of chemical agents

statq;'that this is similar to the Lloyd concept of & tannin-
colloid complex. Becquerel (1907) (after Shull 1913), showed
that thoroughly dried seed-~coats of certain plants were im-
pervious to various gases and to such penetrating -substances as
absolute alcohol, ether and chloreform. Shull (1913) gave a
list of species he reported as possessing semi~-permeable
membrames. Studying Xanthium seed, he could confirm Bec-
querel's results; the dry seed-coats have a selective semi-
permeability, no evidence being, homever'obtained for the dif-
fusion of N. :tLrough absolute dry seed-coats. Selective acti-

vity / ..
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vity, as was found by Brown and Schroeder, was not determined
by any living substance in the coat. The testa, 3 layers thick,
had an inner layer of nearly pure cellulose, unsuberized gux
perhaps containing-tannin, but the middle one containing more
tannin., Semi~permesbility was demonstrated for seed-coats of
plants in 6 families and many dead membranes possessed this
property. He (1914) has also shown that permesbility to gases
probably also playsa role, for by increasing 02 pressure, in=-
creased absorption and immediate germination resulted,

Nilsson-Ehle (1914) found that germination of white
and red varieties of wheat to be assoclated, in some way, with
the pigment of the testa, red varieties being less permeable to
water. He could establish that the testa consists of 2 inde~
pendent membranes (derived from the inner integuments of which
the inner one contains the pigment) whioch was later confirmed
by Zeuschner (1926) and Krauss (1933),

Atwood (1914) in summing up his physiologieal study

A
on the germination of Avensa fatua, stateg that the data secemed

to point to an inoreased §erméability of the seed-coat to
Oxygen, accompanied by an increased water-absorbing power of
the embryo, as constituting afterwripening. Verschaffelt (1912)
8Sndied the relative permeability to water and other liquids o.
different areas of the seed-coats of a large number of plants
which produce impermeable seeds. Such a semi-permeable membrane
was reported for rice by Valeton (1907) and Nagai (1916); also
for maize by the latter asuthor (after Lehmann and Aichele).
After investigating the velocity of water intake,
Shull (1920) claim?ﬁthat his results contradie¢t those of Brown
and Worley (1912) and moreover, believeé that the results in-
dicate that absorption involves both p@ysical and chemical
changes, the latter being mainly due to the colloids and that
semi-permeability as such was thought not to be an important

factor / ..
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faetor. Denny (1917) etudied the role of different substances
in seed-coats in\regulating their permeability to water. Em-
ploying various solvents toe extract the memhranes, the effect
on permeability could be compared hefore and after such freat-
ments. The results were most interesting. Extrasction with
hot lipoid solvents and agetone at room temperature resulted
in an increased permeability of all seed-coats except that of
grape-~fruit seeds. Hot-water extraction increased permeability
of peanut = the tannins and part of the lipoid materials heing-
removed = and almond sced-coats, though that of grape~fruit anﬁ
sgquash seeds were nat measurably increased. Ca012 treatments
ingreased permeability of the membranes. Permeability of mem~
branes %o water was determined by lipoids, tannins and peotic
substances, though "suberized layers were not found to be
bignifieant". Denny (1917) also studied the permeability of
several plant membranes (seed~doats) to watér, inecluding the
effect of temperature, and, amengst others, found no evidence
were

that elther chemical or physical processes ere exclusively in-

volved in the passage of water.

7
e

Collins (1918)}after studying the structure of the
1ntegum§htary system of the barley grain, in relation tothe lo-
oalized%water absorption and semi-permeability, came to the
followiﬁg very interesting end pertinent conclusion:~ Only a
small pémt of the water absorbed by the grain "when steeped in
variousjsolutions, enters by the general surface .........which
is 1n?§gﬁed by 3 layers of cuticularized cell wall". Special
apots;fér the entry of water (and this is true of the passage
of theiﬂulk of such solutes as iodine and acetie acid) oceurred
in the‘germinal region of the grain Anﬂ "here must be sought
the qtructure which is the seat of the remarkable selective
perdgability which keeps out mineral scids and most salts
whilgw passing water with considerable freedom". Further, "the

! barley / ..
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barley grain does not appear to possess perfect impermeability
to any solute ...... . It is at the outer cuticularized wall
of the tegmen that the recorded arrest of silver nitrate and
sodium chloride penetration takes place. This cuticularized
membrane is permeable to water and solutes only to the extent
usvally associated with the cuticle...... The initial uptake
of water supplies the need of the embryo ...... The subsequent
distribution of liquid in the endosperm is precisely the path
of enzyme disintegration within the endosperm during the germ-
ination of the embryo. "

Harringtod and Crocker (l?EB))studying the pericarp
and integument of Johnson grass,found penetrant solutes entered
much more readily at the proximal end of the caryopsis,.probab-
ly through the hilar oriface..than elsewhere and spread lateral-
ly and distally under the seed-coat. The inner integument and
various pericarp layers contaix{dtannin compounds, all}ggg high-
ly suberized especially the inner wall of the inner integument

ed
which consist of suberin impregnated with fats and to which
‘R
was

resistance to chromic aoidkis due., They considefwfhat these
substances diminish extensibility of membranes and permeability
to solutes. "Dormeney was due to pericarp and inner integument
which, iff broken, destroys sensitiveness to alternate temper-
atures", '

Shull and Shull (1924) and Beeskow (1924) (after
Tharp 1935) found that the diffusion of permeable solutes
(ioﬁine) through the vestments over the endosperm of the
maize kernelkigffaster than any spread within. Orton (1927)
observed that relative permeability of maize varieties differed
for several mercurisl solutgs in aqueous solution. Freiberg
(1931) =~ cited by Krauss (1933) - found water intake in maize
to take place equally over the whole surface but swelling abili-

ty was higher at the micropyle end as compared with the chalaza

region / ..
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regior. . Soaking rice in solutions of different valts, Masabuti
(1927) noted that delay in germination was proportional to con-
centration of the salts, these and other results being inter-
preted upon the basis of the Semi=~permeable nature of the secd-
coats.

Zeusehner (1926) studied the thickness of testa end
pericarp of wheat varieties but found no correlation between
coat thickness and germination speed or treatment sensitivity,
though the layers of the inner integument foréma selective
permeable membrane., Penetration was not the samé at all points
of the grain surface. Gurewitsch (1929) after studying the per-
meability of the selective membrane of the whezt grain, postu=-
lated the membrane as being a hydrophylic gel with micellar
_structure, electrolytes and water passing through the inter-
micellar spaces (the size depending upon the condition of
swelling and thus upon ion composition end concentration), and
organic dyes, etc. (which permeate readily), through the micellae
themselves. The vestments of the grainﬂggz-completely imper-
meable in the unswollen condition because of the cutin-free
cellulose layer, which apparently only permits the intermicellar
passage of substances,

Swanson (1928) reported on anatomic structure of the
Sseed-coats of Sorghum. Andersen (1927) after studying the
development of gametopayte and caryopsis of Poa, reportes that
the inner layer of the inner integument consists of a compara-
tively thin layer of suberin. the outer integument being re-
presented by a thick layer of the same material.

R.Brown (1931);after investigating the absorption of

water by Loldum perenne and other graminesme, found that the

el
cuticular membranes of the seed retar%\absorption of water but
was
the permeabilityA§9 increased by the stretching of the cuticle

Yook
consequent upon swelling. The earliest absorption -sakes place

through / ..
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through the micropyle from where diffusion takes place upwards
to a certain extent, thus causing the endesperm to swell at this

d
higher level, which in turn induceg stretching and greater per—‘

meability of cuticular membranes. Thus therehzg-a progressive
extension upwards of the area of absorption. In 1932 the latter
process was further reported for wheat, in which it was found
that the semi~-permeable region was composed of 2 cuticle-like
membrenes enclosing a single mucilaginous testa. Non-electro-
lytes with small molecules passed through but the passage of
electrolytes and solutes with large molecules was retarded;
after 60 hours, however, permeability increased suddenly. As
absorption could be expressed by the Freundlich absorption
equation;it was suggested that diffusion of elesctrolytes is re~
tarded by processes of absorption and that when absorption is
complete, the membranes become more freely permeable. Kisser
and Lettmayr (1924) studied the absorption of c¢ertain salts by
the separated seed~coets of wheat, the retention depending upm
the salt and its concentration.

Pugh and Johan (193%2) also studied the development
of the caryopses of wheat, in relation to infection by

Gibberells saubinetti and found the testa to completely en-

velop the seed except at the micropyle and 8t the groove resgion,
The presence of suberin-~like or cutin-like substances;;;; in-
dicated.

Krauss (1933) studied the developmental history of

Herdeum, Tritiecum, Bromus and Poa, with special reference

to their testa. Over the embryo of these grains the pericaré
lacé?the outer cuticle. "As found by Nilsson-Ehle (190D Py
wheat, the testa showed no visible differences over the embryo
and the rest of the caryopses. This also applies, according to
our studies, for the greater part of the testa covering the

@mbryo, with the exception of two points ....... the micropyle

and / ..
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and the hilar orifice”, (Structural variations over the Miero-
pylar regions;gggfrecorded). It is stated that in agreement
with the views of Collins (1918) and Harringten and Crocker
(1923), regarding Gramineae caryopses and of Netolitzky {1926)
of angiosperm seeds in general, 8he also is convinced, on the
strength of the anatomic studies of the testa, that the above-
mentioned points are to be looked upon as preferred entrance
spots. The results of Schroeder (1911), Nilsson Ehle (1914),
Zeuschner (1926) and Scheibe (1930) on the faster penetration
of water and iodine soiution in the neighbourhood of the embryos
of cereal graing}as well as that of Gassner (1915) fer Chloris
ciliata, is recalled by the author.

Tharp (1935) also investigated the developmental ana-
tomy and permeability of barley seed~-coats and found that "the
selective semi-permeable envelope has been identified as the
persistent, crushed and cutinised inner integument together
with the suberized resistant tissue of the ohalaza". The inner
integument, the thickness of whieh varied at various parts of
the grain, consiﬁﬁiof a thin inner cutin membrane and a much
thicker outer cutin layer of variable thickness, The thickness
of these membranes varlied with the variety and so;ét:;.the
degree of permeability. A wet environment during maturation
and premature harvesting tended to induce a detreased resistance
to permeation. The heavier cutin layer and the heavier deposits
of fat substances in the integument cells secmed to be cor-
related with decreased permeability. "It is entirely probable
that not only is there an initial point of rapid permsation
(the mieropyle) but there is also a gradient of the sesd-~costs
to permeation with the stretching aud swelling resultant from
the early basal asbsorptiom assisting in the'progressive apical -
ward permeation and absorption by the grain". JTohnson (1935)
claimed that results obtained in the study of tha physiology of

delayed / ..
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delayed germination of Avena fatua point to the probability

that the enveloping coats (pericarp and testa) of Avena fatua

cause delayed germination by restrieting 02 supply to the embryo.
R. Brawn (1940) investigated the seed-coat permeabili-

ty of Cucurbita pepo to gases and established that the inner

led
of the two seed~-coat membranes controlg the gas exchange as the
outer was perfofated by the micropyle and that its permeability

to gases was increased by absorption of water.

The role of seed-coats in delayed germination.

That the pefmeability of the seed=~coverings play an
important role in delayed germination may be further demonstrate

ed by the following specific cases. TFlemion (1931) reported

that in Sorbus aucuparia seed-coats plaﬁ%a role in after-ma-
turation of the embryos. Crocker (1907) found that.the seed-
coat playﬁéa part in the afer-maturation of several water plants.
Davis and Rose (1912) observed a similar state of affairs for

Crataegus mollis. Davis (1925) found delayed germination of

Sphaerslcia remota to be due to an impermeable cutiecle. TFlemion

(1933-34) confirmed this for Rhodotypos kerrioides and Sym-

phoricarpus racemosus seeds respectively. Also Giersbach and

Crocker (1932, for wild plum seeds) and Giersbach (1934, for

Cotoneaster spp.) established an additional seed-coat delay,

whereas Speeth (1934) found the water-impermeable testa &
primary cause of dormancy in Tilia seeds, which was confirmed
by Barton (1934). Stoddart and Wilkirson (1938) established

that long delayed germination of Ory:opsis hymenoides was due

to the firm seed-coats prohibiting germination,

. Toole (1939),afterrstudying Dantkonia spicata, con-
sidered that the seed-coat was the oaly inhibiting fastor in
delayed germination, restricting gas exchange. Watts (1938)
found ths rest peried of cucumber seed to be effestively broken
by coet removal. Feinieth (1037) o»teained complete germination

1) ”‘lﬂﬂ,g & .
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when fresh seed of barleg,oats and wheat were decorticated., The
results of Goika (1940) confirmed this for eertain barleys,

That the encasing structures secasionally play a role
besides those of restricting water intake or gas exehange, has
been reported by certain workers. Crocker (1916) quoted Miller
(1914) as having shown that the force of the expanding eontents
is not sufficient to rupture the eoats. Crocker and Davis (1914 )
alse claimed that in Alisma plantago the imbibitional and |

were
osmotic forces e not large enough to break the testa. Rose
N

(1919) considered that in Rubus after-ripening was probably
due to the high breaking strength of the endocarp. Hart (1928)

considered that studies on Celastrus scandens favoured the

view that dormancy was partly dus to mechanical restraint exerted

by the seed-g¢oat,

The role of the embryo in delayed germination,

Many cases in which the embryo has been found to be
associated withd elayed germination, in addition to those men-

tioned above, have been investigated. Goebel (1905), P.249,
h&d@
Eﬂﬁﬁeﬁ reference to cases of incomplete embryos. Lakon (1911)

found Fraxinus excelsior embryos were mature but undersized

wwras Con (4
so that "vorkeimung";§e~necessary before germinationle&ﬁ—take

L

place, during which time the mucilagenous substancesgggé de=-
pleted (after Eckerson 1913). Fundeis (1917) and Steinbauer
(1937) aﬁso established this for Fraxinus. Davis and Rnse
(1912) reported on studies made with Crataegus mnllis, in

: Was i
which the hypocotyl 4= responsible for delay. In 1913 Rose

published similar results on the embryo of Tilia.
Harrington and Hite (1923, mpple seeds), Davis (1930,
Ambrosié trifida), Okada (1930, Buryale ferox), Borthwick

(1931, most spp. of the Polysonaceae), Choate (1940, Echino-~

cystis) and others have recorded the role of embryos in delayed

germination / ..
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germin&tion. In horticultural and forestry practice low
temperaturé stratification is very often employed and this is

generally dene to overcome embryo resistance.

In many cases delayed germination has been studied
but without any definite analysis as t0 the respective roles of
seed-coats and other faectors., Thus, may be mentioned, timothy

(Fiseher 1918); Festuca pratensis, Poa pratensis and Bromus

inermis {(Nazarenko and Djadjun, 1934); rye grass (Hyde 1932 ;

Mgadly 19326); Johnson's grass (Harrington 1917); Bermuda grass
(Bryan 1918; Burton 1939); Paspalum spp. (Ray and Stewart 1937

Burton 1939); Buchloe dactyloides (Pladeck 1940); Dactylis

(Spregue 1940); Panicum and Setaria (Toole 1940); Chloris

spp. and Stenotaphrum (Gassner 1910). In most of the Gramineae

seed=-¢0ats undoubtedly play an important role but there is not
the slightest doubt that other causes, e.g. the embrys, may
have a share in the delay of germination, at least for a certain

period or in certein instances.

Breaking of 'dormancy' in plants, tubers, etc.

Much work has been done on the physiology of delayed
germination and space does not permit a review of even a part
of these‘investigations. In passing, however, reference should
be made ‘to work on dormant plants, tubers, ete. =~ work which
may appear unrelated to our problem,yet which is considered to
have a direct bearing and therefore deserves some mention,

Many che;nical agents have been used in these studies in which
the potalto was often the test object.

Johannsen (1983) presented the first evidence of the
value Of anaestheties. MeCallum (1909) found carbon tetrachlor-
ide f&ﬁrly successful. Stuért {(1909) obtained good results
Wit%f;ther and chloroform but such agents as ethyliodide, ethyl-
hra&ide gnd ethylchloride as well as 0014, aleohol and acetone

’ were / ..
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were also used with a oertain amount of sussess, Jesenko (1911
and 1912) induced earlier growth of woody twigs by the use of
alcohol and ether solutions as well as with baths of aaid
selutions,

Appleman (1914) eould shorten the rest period of new
pstatees by the use of Hy0,. Howard (1915) reviewed the 1i=-
terature and cenducted studies not only on thae general question
of the occurrence of the "rest period” in seeds, the effect of
etherization, freezing and soaking but alse on the physiological
changes aceompanying breaking of the rest perisd of woody cut-
ting®, Chemical treatments like MNO2 and ether gave best re-
sults. Curtis (1918) obtained good results with KMN04. Weber

(1916) used acetylene, whilst Newton (1923) employed KNO., &nd

Rosa (1923 and 1925) NaNO3 and ethylene. Boresch (1926)35ecured
shorteniﬁg of the rest pericd of buds by injections of certain
organic acids (such as lactie acid), of other organic compounds
(such as asetaldghyde) and of baths and vapours of certain or-
ganioe compounds..

Denny (1926) reported the trial of 224 chemicals on
potatoes, ethylene chlorhydrin, thiourea, Na- énd Kthiseyanate,
dichlorethylene, trichlorethylene, CSE’ ethylene dichloride,
xyIol and ethylbromidejéziéégf?;ctive. Ethylene and propylene
were used with good results by Vachs and Harvey (1927). Miller
(1930,and 1933) added a number of sulphur compounds to these
lists 1gcluding HES and ammonium dithiocarbonate. Further
studies, in addition to those of their colleagues at the Boyce
Thompson Institute, have confirmed the value of these and were
undertaken to obtain information on the physiologiocal changes
(enzyme activity, respiration, etc.) induced by such treatment.
Other workers}like Kida (1919), Loomis (1927), Thornton (1933),
Zimmermann et al (1933), Thoraton (1935 and 1939), Zimmermann
and Hitcheock (1946% have given attention to co; CO, and Y

particularly / ..
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particularly te CO,, whilst, workers such as Loomis (1927),
Loomis and Evans (1928) Leomis (934), Volz and Keyes (1934))have
tested out the value:of heat. Recently the value of growth
substanses for rootproduction have been demonstrated by workers
such as Zimmerman- and Hitehtosk (1935), Zimmerman: and Wilcox
(1935), Latbach (19%5), Hitchcook(afd 2jmmetman: {1936), Amlong
{1936), Zimmerman et al (193%6), Vegis (1937), Myers et al (1938)
Zimmerman— and Hitchcock (1939) and Hitchcock and Zimmermann
H1940) .

The significance of growth substances and their application,

The more direct phase of the subject, namely the pre-
sence and role of growth substances in seeds has also received
eonsideration in recent years. According to Cholodny (1935),
in the endosperm of maize, oats and other cereal grains & growth
substance (possessing the properties of auxin) is formed in the
starch=containing tissues of this organ from the very earliest
stages of germination, with the slightest penetration of water
into the endosperm. It is eagerly and completely absorbed by
the embryo during the first 48 hours. Yet this hormone 1s com-—
pletely independent of the viability of the sced.

From his results, as well as those of Dagys (1934)
(that the endosperm extract from maize markedly stimulates yeast
increase) the conclusion is made that the endosperm probably
also secretes the cell-dividing hormone or meristin, He son-
siders that the results of certain earlier workers support
such a view. Brunner (1952), growing excised Pinns maritima
embryos in artificial nutrients, concluded that the embryoc
needed definite hormone-like substances in the endosperm. The
results of van Overbesk (1953) and Navez (1933) would indicate
that young secedlings depend upon growth substance reserves of
the endosperm or cotyledon. Schander (193%4) has also shown

that / ..
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that the grass embryo obtains germination~-activating substances
from the aleurone layer which Cholodny thinks were merely taken
up from the endosperm. Yet von Veh and Siding (1937) wrote
(Ruge 1929, entirely associating himself with this), that

"Alle diese Beobachtungen zeigen klar, dass der Wuchstoff fiir

die eigentliche Xeimung, den Uebergang von Ruhe zum Wachstum

ded
nicht entscheidend ist":~ growth substance 4oes—not play the
A

role of a germination hormone in the kernels of fruit trees.
Excised embryos germinatéfreadily. Active growth substances
éngpresent in the endosperm as well as the embryo, but an
immediate and important increase in growth substances concen-
traticulj::ﬂmot necessarily connected with germination. The
results of Laibach and Meyer (1935) and Meyer (1936) (after
Ruge 1936) would indicate that growth substances decrease rapid-
1y during germination, the former having also shown the depen-
densc of young seedlings on the growth substance in the endo-
sperm. Also Pohl (1935}and 19%6) reached the conclusion that
the coleoptile tip (Avena) produoe; no growth substances, but
its growth is governed by that in the endosperm which it acti-
vate?. Voss (1937) showed that the auxin is inactivated in
the maize scutellum during swelling of the grain. "The asctive
growth substance in the endosperm comes into the scutellum
where it is inactive and again experiences activation in the
coleoptile tip.™

When, however, one considers the studies of the ap-
plicatior of growth substances for the stimulation of germina~
tion, the results are not very encouraging; for example, Amlong
and Naundorf (195?)jtreating 0ld seeds with heterosuxin solu~
tions, obtained better germination and inereased yields. Davies
et al (193?)found indole derivatives retarded germination,whilst
Lustig and Wachtel (1938) observed thatlheteroauxin had no ef=-

fect on germination of (Cardamine seeds. Guthrie (1939) found

1intaie /A
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little support for the idea that dormancy of potato tubers is
regulated by increase or decrease of the auxin-like substances
in the tissues. Ruge (1939) using B. indolylacetic acid solu-
tions, varying from lO"2 to 10-10 normal, found only retari=*"on
of germination. He writes: "Aehnliches wie filir das Auxin A
scheint Ubrigens auch flir das Auxin B zu gelten, das nach den
Untersuchungen von Nielsen (19%6), Dagys (1937) und Rippel (1937)
in verschiedenen Samen zwar reichlich enthalten ist. Niglsex
findet aber keine reellen Unterschiede in der Konzentrationen
dieses Blo~Wuchsstoffes bei normal keimenden und nicht mehr
keimfdhigen Saemern, wie man es erwarten sollte, wenn das Auxir R

ein Keimungshormon darstellt.” Borziri (1935),with "growth

substance" obained from Aspergillus amd Rhizopus, found no

perceptible favoursble influence on the germination of Triti-

cum, Trifolium etc. Barton (1940) treatinmg numer~me doracant

seeds with growth substances, found these of very little value.

Genuine germination-promoting and germinastion~retarding
{or inhibiting) substances.

In recent years some light has been shed on a closely
related aspect of the subject and one which had been neglected
until then., This is the fieid of genuine germination-retarding
or inhibiting substances and of germination-promoting substan-
ces. Wiesner (1894) could not germinate Trifelium, ZLepidium
and Linum on the mucilage of Viscum berries. The inhibi-
tion was (1897) attributed to viscin. Heinricher (1912 and
1916) =~ according to Ruge (1939) -~ ecould confirm the Ebouve
observations but gave = perhaps correctly, viz. lack or
a different interpretabion. The conclusions of Oppenheimer
(1922) ~ after Ruge -, of Fukaki (1930), of Reinhard (1933)
and of Kockemenn (1934).to the effect that germination of
certain seceds were inhibited by the Jjulices of fleshy fruits and

that the latter, therefore, contain inhibiting substances, can

perhaps / ..
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perhaps be regarded as being of no immediate biological signi-
ficance and von Veh (1936) has voiced a somewhat similar opinion.
After conducting a number of teéts he considerﬁgthemekéggéno |
inhibitors.

However, the results of other workers are of more

direct interest to our problem, viz. about the substances pre-

sent in the seed- and fruit-coats. Ruge writes : "Thus Magnus
(1920), Peters (1924) and BBhmer (1928) could, from the seed-

coats of Phacelia tenacetifolia, extraet with water a photo-

dynamic inhibiting substance which depressed the germination
speed of the dark-loving seeds more in a light seedbed than in
a dark seedbed ..... Kisser and Possing (19%2) also report

inhibiting substances for the seed-coats of Viela, Pisum and

Cucurbita" To these must be added the similar findings of

Borriss (19%6) with Vaccaris pyramidata and of Lehmann (1937)

were
with buckwheat. The substances thought to be responsiblega£e—

apparently different, where these were studied. 1In this con~
nection the claims of Russian workers (Isip 1940, Jarkovai 1940)
in regard to protective substances, are of interest.

That certain germination~inhibiting substances Teach
out from sceds during germination, has been shown directly and
:ndirectly by a number of workers. Glimbel (1912);using light~
demanding Brassica, and Shuck (1935) using lettuce seeds with
similar demands, obtained, respectively,much lower and no" ger-
mination on blotters than in soil or absorbent cotton (or wa-

ter). Lehmann (1909), using Ranunculus sceleratus, found no

dirrerence in germination in soil between dark and light soil’
seedbeds, wheress, when filterpaper was used, no germination re~
sulted in the dark, indicating, like in the above, that light
favoured diffusion of'an inhibiting substence. Shuck £lated

" The increased germiration of lettuce seeds in the‘light in-
dicates that light may promote the diffusion of the substance

from / »s
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from the seeds, and although light may accelerate the precess,
tests have shown that an inhibiting substanee passes from the
seeds in total darkness". Borriss (1936) also made some inter-

jtouu. i
esting observations on Vaccaria pyramidata , but he £inds com-

plefe germination in soil whereas on filter paper no germina-
tion occurred in either light or dark., He found the substanece
to be light volatile or of the nature of a gas. Axsentiev (1927)
found the extract from Phacelia not specific. It would inhi-
bit germination of one kind of seed, whereas another would be
stimulated; in still others the effect would be neutral. Meadly
(L936) reported that dormant seeds of wimmeras ryegrass germi-
nete better in sand than on filger paper. Finally the very
interesting investigations of Ruge (1939) have shown that by
germinating oats an Rthibiting substanee;;:fexoretad in the
seadbed, where it accumulateg but which is afterwards inactiva-

eve.
ted i new seedskaégarepeatedly set out in the same substrstum.

was
This inhibiting system ie not species-speecifie end, in con-

trast to soaked seeds,;igfthe only "system" found in dry seeds
but the system:Z; transformed into a germinatisn~accelerating
one.

Ruge writes : "Es ist bekannt; dass wdhrend der Quel-
lung und Keimung vieltr:Samen neben den bereits genannten kei=-
mungshemmenden Stoffen auch Farbstoffe (Gassner 1915), flueres-
zlerende Substanzen (Linsbauer 1929, Metzner 1930), wasseriBs-
liche Nz-Verbindungen (Gassner und Franke 1933), Gerbsteffe
(T41ly 1935) und wahrscheinlich noch viele andere mehr in das
Keimbett ausgeschieden werden. "

Much less frequent are the references tec genuine
growth promoting sibsténces.. Zlatasoff {1926) =~ after Ruge
(939),~ reported ioat the water extract of pears and potate
seedlings stimulated seedlings of maize, barley etea. Davies et

al (19%7) and Yavs: (1935) ~stablished that thiooyanic acid ishas
¢$p$ble f e in-
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capable of signifiecantly increasing germination (thiocyanate in-
ereases over 1000% during germination). Ruge (1939) found that
a germination-accelerating system (mentioned above) was only
formed in the later life of seedlings. Both systems may be de=-

monstrated in the plumule, radicle, hypocotyl and ocotyledon of

young Helianthus seedlings. Finallyﬂhe putg forward an in-
terestihg and pertinent hypothesis for a biologieal system
whereby an inhibiting substance (cyanic acid) could be trans-
formed into 2 germination-accelerating one (thiooyagicacid) du-
rxﬂgcimbibition (with the assistance of the Tindings of Gemein~
hardt (1938), Lang (193%) and Laibach und Keil (1937)).

To review the results of the many studies on methods
of overcoming delayed germination of seeds, or for the stimula=-
tion of germination, will be beyond the scope of this paper ex-
sept for the fields covered and these will receive attention:
under the appropriate heads. HNMeny contributions in this fiéld
deal with temperature. WNot only is it employed for dicotyle=~
donous seeds (kept moist) as reported by Davis and Rose (1912)
for (Crataegus and by a number of later contributors, but it
is also commonly employed in seedtesting practice for cereals
etc. (Harrington (1923), Toole (1923), Gadd (1939) etc.ets.).
However, the value of such methods is somewhat limited for
practical purposes, as they are applied during the period
of germination and notv as pretreatment of dry seeds.

The results on the utilization of chemieal agents
for the promotion of germination form en extensive chapt-r i-
our knowledge of the physiology of germination, yet none has
proved to be of value for generzl application in the matter of
breaking delayed germination.

There is little doubt that a better understanding of

] the processes and changes accompanying after-maturation will
simplify the task of finding suitable means for the eliminstion
7 of /n
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of after-maturation, but not until more c¢onsistent indisations
have become available, to guide our attack on the problem, than
heretofore. The many contributions in this connsetion would
strongly point to the close resemblance of the basie fagters

involved in the delayed germination of various types of seeds.

PThaea BExtent and Disstsrihution
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The course of delayed germination.

Materials and methods in the sarvsy of 1956~7 season

seed. - During the 1936~37 segson a commencement was made
with the collection of seeds of native grasses (assembled at
the afore~-megntioned stations) for this survey. The seeds of a
large number of esotypes belonging to a number of species of

the following genera were used : Digitaria, Panioum, Urochloa

Behinochloa, Paspalum, Setaria, Eragrostis, Brachiaris,

Sporobolus, Themeda and Dactyloctenium . Praotically all of

the collected grasses were examined for ssed-sefting for this
purpose, as it is of course impracticable to incorporate those
with too low seed content. Samples with less than about 30%
seed content were afterwards discarded. Many csuld thus not
be included on account of ergot or poor seed~setting.
Harvesting was done by hénd, heads bheing cut when dry
or lightly rubbed together and shaken on the plets. In this
way seeds were obtained that were as physiologically dry as
posaible, as green seeds are only dislodged with more severe
handling. All seceds were kept in brown paper bags, in a labo-
ratory room, until immediately after the first test on the
14th of April, 19327, when the different paper bags, each re~

presenting / ..
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presenting the harvest of a2 "dsmonstration plot, were placed
outdoors in galvanized iren trays. Every night, during the
rainy. season, the trays were put under a verandah., Six bi-mon...
ly tests were conducted during the first year, the last bne be~
ing followed by an Bth test‘some & months afterwards.

Germination tests were made in petridishes in s
Hearson incubator run continuously at about 28°%. Partieulars
of the method are detailed elsewhere. As ¢leaning of seed
samples was impossible, execept in the panicums, uncleaned
portions of the samples (to obtain at least 400~500 caryopses)
were used for each test.

It should be mentioned here’that germination periods
(1.e. duration of tests) of the different kinds of seeds were
not always the same for all lines under test, as this was im-
possible owing to the inherent differcnces of the sceds of
different grasses. On the whole; for example, the digitarias
showed a tendency to germinate over a more extended period,
whereas the panicums appeared to have a greater germinstion
speed under the condition of our experiments. The duration-of-
fest periods were, therefore, so chosen that as good an indica=-
tion as possible of the conditiens of the seed in respect of
delayed germination could be obtained and at the same time
a relatively accurate basis of comparison for different grasses
secured. That a time 1limit should be instituted for sueh
studies is only appropriate, for many seeds, particularly during
thelr after-maturation period, are inclined to eontinue their
germination over a fairly extended period,

As a rule, the more favourable the conditions for the
germination of the particular seed or the more advanced the
stage of after—maturation,thé less the germination curve is
flattened out. In the material and results under revisw, this
has been realized to a marked degree, indiecating that the con-

ditions / ..
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ditions c¢chosen as regards temperature, seedbed etc., were per-
haps as favourable as could be hoped for. Thlggg;;;;x MK to
the consideration as to what conditions (and espeeially that of
temperature) constitute the ideal germinstion environment %o |
obtain a true evaluation of the econdition of delayed germination.
The provision of an artificial environment for the germination
of seed to ensure as close an evaluation as possible of the con-
dition of delayed germination of any seed sample, at any time
or under any given econdition and for all kinds of.seed,.isﬁnot
an easy matter. Alternating temperatures are nasturally out of
the question as such are liable to cause marked stimulation in
many cases as was observed above. Furtheren additional results
are presanted,so that at this stage we will eontent ourselves |
with the observation that there seems to be little disadvantage,
if any, attached to the temperature chosen in studying this
particular phase of the problem, as it appears that the natural
progress of after-maturation of the majoerity of grasses (seeds)
are fairly clearly defined by the germination tests. The re-
sults referred to, therefore, more than any theoretioal consi-
deration, strengthen the assumption that this temperature ap-
pears to have been favourable for the purpose. Additional evi-
~dence for this viewpoint, i1t is considered, will become avei)-
gble furtheron.

In passing it might be mentioned that in the germina-
tion tests under review 400-800 seeds per test (and often more)
were used and daily counts were made. The results are tabulated

in table 7, a summary thereof appearing in table 8.

POATBIL R P,



University of Pretoria etd — Liebenberg, L C C (1942) u

w B8 - ol

Table %, Showing the progress of delayed germination with

cutdoor storage, of sced harvested in the 1936-37 season,
Percentage Germination on ¥
¥ind of grass (ecotype) :Per-s:  : : t : : : : '
iod 13th 14th 92th, 12th 9th. 5th. 22nd 29th
Plot number. of May June Aug, Oct, Dec., Feb, Mar. Sep. :
test 1937 18937 1937 1837 18937 1‘93'7 1238 1938
Date of harvest. idays : 2 g g : 3
DﬂCTYL\JCTmIUM H ]
D ticum. 174237 K ¥
zﬂust der winter). . 0.2 2,1 0,7 2.6 3,6 2,6 4.0 7%
. DIGITARIA
A017. 12"'2"370 K
(Inkruip no.l). 14 O3 0.4 &) $s3 B4 €,2 11,0 128
1’1.23. 12"'2"37. -_
(Port KElizabeth), 14 €4,3 70,0 70.C 64.2 65.6 50,2 49.7 27.7
A,30, 2=-37. ‘ X ®
(Candover no.l). 14 - 8 TO.8 - 80,1 46,8 60,5 62 .4
A, 34, B.57.
(Pretoria small no.l). 16 79,5 96,6 95.0 95.3 95.5 756.2 70,7 72.3
A,37. 12-8-37, x
(Padden). 12 X4 3,2 29 -~ B8,714.3 .58 &8
A.38, 12=-2-37, X
(liolopo no,l). 12 .6 1.2 2.0 4,8 9,1 17.5 19.6 57.9
A,38, 22 =227, x
(Molopo no.l). 12 1,4 1.1 5.8 - 34,1 35,0 48.3 61,8
A.38., 12-2-37. 2 x
(Grootfontein). 1] 22.8 31,8 20.0 23.4 42.8 46.3 68.9 =
AO40¢ 22"'2“"37. e x
(Port Elizmabeth no, 2), 15 61.8 76.4 82.0 77.7 81.8 77.8 62.7 50.1
A.50, 12-2-37, » ;
(Port Elizabeth). 15 §9.8 83.0 81.3 78.1 81.2 £7.9 37.8 - o
A.S‘l. 12-2"3?.
(Northam no.l). 14 44.1 47.4 45.4 = - - - -
Aosgn 4‘-3-37. X K
(Vukwe camp). 11 0.3 1.0 2.6 15.6 27.0 22.7 68.3 73.2
AL60, 4=3-37, T *
(Makarikari), 13 - 1.0 ©0 4.6 16.4 12.4 19.8 29.9
A.64, 12«2-37. *
(Ruruman no.3). 15 s 0O 2.8 4.4 5.2 29,7 52.8 50.8
A.65. ;32-'2"37. x ko
Dy longiflora 10 1.2 - 1.4 9.6 38.8 - 80,2 70,6
A.etﬁo 4"3"?37. :
Aosgu 4"2"‘37. * x
(Rietondale no. 10), 11 5.4 16.8 12.8 - 59.9 §7.9 46,2 -
A,69, 12-2-37. ~ .
(Rietondale no.l10), 11 3.9 14.3 24,5 31.3 - 3B.4 32,3 57.8
AQSS . 12 ‘2"37 . ] LN y
(N. Rhodesia). 11 2.9 2.2 0 9.3 42.8 25,0 66.5 65.6:-
A.Qé. 22"2'37.
(W .Rhodesia no.6). 11 ¢ O D - 18.8 21,4 47.8 58, 2.
A,101., 12-2-37.
(N. Rhodesia). ' 11 .2 0.8 2.1 13.032.7 « 35.5 7. 3
A,102, 20=-2-37,
(N. Rhodesia no.4). 11 0 0.3 ©O - 39,2 43.2 38.7 =~
A, 103, 12-2-37, o] =
(N. Rhodesia no.5). 11 0.3 0.4 4,4 - 39.4 44.8 35.5 0.9
A.107. 12-2-37, -
9 - - 3.3 - - 38,4 = -
A,1CE, 17'3"2"37 ' o .
: 8n AT A:13- 39.5 00 7 81 2 82.7 71.3 $4¢5ﬁ32‘5
4'3’37’. : e !‘}‘ il
| - 18.3 a ? ‘78 7 ?3;7 w
4 Ly ' '&/.1 2
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| : Iable 7. =~ continued.

A Percentare Fermlnation on_:
Kind of grass (ecotype)iPer-: $ 1 : : t :
' iod 13th l14th. 9th 12th ch Sth 22nd 29th
‘ Plot number. of liay June Aug, Oct. Dec, Féb. Mar. Sep,
: test 19837 1837 1937 1Q37 18937 19837 1238 1938
Date of harvesting,  :days: : : : ; : § :
DICITARIA : (continued)
Al19, 12-2-37, L %
(Kalkfbntein N0.2). ¢ 381.3 34.4 30,0 67.3 82,7 46.7 82.4 51.8
A,128, 4e3-17, X
(Matabele Location). 10 0.3 X1 1.9 12,2 BO.2 10, 3 21.9 47.5
A,308, D Bm3T o :
(Wylliiespoort no.2). 10 3.0 3.8 9.4 35.7 47.0 62.9 74.8 76.4
C.l. 2"2-37.
(Rurumsn). 2 3.8 .83 =~ 4,8 3.0 11.8 =~ -
c-go 25—2*37; x o
(N, Rhodesia), 13 2.8 1.0 & 8.1 26.8 14.6 42,9 35,3
CQ"%Q 16"2-370 X =
(Dunn's Finger grass). 17 7.3 16.0 42,2 46,7 73.0 55.9 76.7 72.0
Ce6O, 1€6~2-37.
(mmmﬂn)l 15 3.3 6-‘1 14-9 o — - b s —
Cs61, 16-2-37. ¥
(lolopo). 18 D.sl 2.8 9,3 7.2 8.2 6.6 17.4 284
C.69, 11-2-37. 3 ¥
(Rietondale). b R22.1 Bl1.2 - 40,7 70.8 17.0 54,0 48,4
.69, 20-1-37.
(Rietondale). 15 23.9 40,5 87.7 - 62,0 65,7 70.7 58.8
C.T72, 11-2-37.
(Rietondale). 16 RB3.€ 34.1 41,3 52,0 57.2 53.4 7.8 44,0
! nl.?. 11"2"37. 2= x
D, Pentzii (P,P,Rust). 10 2«8 3.7 3,9 5.2 15.6 10,0 17.9 4238
D134 11-2-37, - = x
(Willowmore). 15 40,8 37.3 56,3 58.4 71.2 66.1 40,3 92,4
D25, 11-2-37.,
(ﬁrahamatown}- 12 €81.1 74.3 B4,4 83.8 £2.3 81.23 90.9 46.6
D28, 26=D=37 4
Dglittorglis (G'tﬂwn). - - - - - Bpo4 - e
D.5€6, 20-.12-36,
Seln, V.1, 14 24.8 21.3 51.2 37.2 33,6 41.3 786.3 56,8
Sem. 12-—6. 20"1-370 .
(From" Kuruman™), 11 1.2 2,4 2.6 5.4 6.2 3.6 9.9 36.9
Seln, 13-1, 21-1-37. ‘ )
(From"Molopo™). i C.6 - 3.7 1.7 1.4 1.8 6,3 438
do 2]1=2-37. :
do 11 230 X8 Bl - 5.8 3.0 é€.5 6,1
Seln. 15-7. 21"‘1"3?. l
(¥rom" Inkruip"). 10 - 3.0 = - - - - 25.0
Seln, 27-6, 2~2-37,
(From"Inkruip"). R 0 - ‘3,6 4,83 9,7 9.6 21.2 =
Seln, 24-3, 20=1=37,
(From"Inkruip"). 12 D2 0.7 06,6 1.0 4,86 2.7 2.8 1308
Seln, 24-5 20-1=37
(From"Inkruip" ). 12 O D8 8.3 2.0 2.6 - 7.3 33.86
BECHINCCHLCA 3
E,Exggﬁfdg;;s ey
Ce374 16-23-37, -
(Rhodesia)., 13 8.8 7.8 36.7 62,8 78,2 82.2 B4,2 85.3
C.lO’?. 4"'2"37.
Eepyramidalis. i3 - - - - - 85,7 80,7 81
ERAGROSTIS 1
LF.AB 12-1-37.
(Xuruman), e 9 6] &) 0

W T BOy 20-12-36 9 58,0 72.6 91.3 72



Table 4. ~continued.

Kind of grass (ecolype)

Flot number.

Date of harvesting.

PANICUM :
A,175,

P: QOIQrﬂtBE .

A.177.

P.coloragtum.

B2,
P.,deustum,
el

P.proliferum.

Bc'?-lOo

(Hammanskraal).

C 21,

Percentage rminati
: $ : : s ]

Hay

June

Aug,

_Percentage ~  permination
tPer-: =
iod 13th 14th Sth. 12th 9th. 5th, 22nd 29@%
of

el
;t-;.j‘

Cet, Dec. Feb. kar. Sep.

20=2=37,
i
1-2-37.

29-."37 e
(?)

gg ragmitocides
5. 22*1“370

(N.,Rhodesia).

C.‘?Q. 8"3"37.
(Makarikari).

C.80. 29-1-37,
(Makarikari),

c.gl. 3“2"37.

g,eoleratgg. (Bech'land)
2 D2, 3-2-37.

do (Springbuck fis.)

C. Se 20~-12=-36
P.coloratum, (Bech'land)
C.gd... 3_2'37.

P.coloratum, (Senekal),

Cs97.
do,

C.98.
do

C.88,

2?"'1‘37-
(3. Rhodesia),

27-1-37.

(Hamnmanskraal).

27-1-37.

Pecoloratum v.glaucum.,

Bechuanaland,

C.100,
do

6-1‘37.

(No Rhoﬁesia ) .

C . 101 . (Hluti ) - 3-2"37-
P.swazilandensis.,

F.G.
P.maximum,

20-1-37.

FoTe 20-1-37,
Pymaximum,
F,14, 27-1=27,
P.minus. (Barkly West).
3"‘2"‘3?-
F gg;mum.(xbmatipeort)
F,563, 18-1-37.,
P,golorgtum(louis Trie,.)
3"‘2-37 °
P. sp. (Nile River),
G-?. ?"1"37 -
(Komatipoort).
G.ggo 29"‘2".‘37-
P.maximum (Louis Tric.)
G. 30. 29-12-360
P.coloratum, (Danspan),
G.34. 3-'2-3'?.

f_ggximum.(n'latele loe)

10,

10
14
14
12
10
10
10
10
10
10
1C
10
10
10

10
10
10
12
12
10
12
10

3.7

.2
4.2
18.2
23.2
1€,0
2.0

1.7
2.2
5.0
1.5

Ce7

C.7

33.7
1.2
0.2
4,5
2.0
0.2

3.0

0.5

31.0
23.0

1.8

€.4
45.1
34.6
22,8

C.6

2.4
11.9
28,3

2.6

7.0

0,86

62,6

€4.8
31.6€
4.4
4.6
€0,.6
18.0
15.0C
3.4

51.0
24.9
65.9

8.0
27.2

1.5
3.7
86.0
2.6
2.9

4 17.8
' B.1

85.1
37.8
14.6

9.9
73.5
€8.4

29.1

?.4
4,7
0.1

X
22.9
34.5
72.8
2z .2

58.2

85,7
39.6
30.4
11.3
72.7
94,3
49 .4

1.7

2.4
43.1
41.2
77.4
38.2
69.5

R

test:1937:1937:1937:1937:193711937:1938:1938

1
,

92.6 89.6

65.0
s0.8 53,9 eo;s
21.6 37.6 60.7
29.6 - =°
75.3 80.0 85,7
68.1 64,9 .'31
61.3 58,3
11.1 14.2 54,7
6.5 6,6 ;ﬁi
- 2.9 ‘ 
3.4 36.3 4
48.5 50.0 €9.8
73.4 76.6 88.1
82.0 30.6 55,6
12.4 64.2 91;3
20.7 23.7 531§
41.7 20.5 6144
80,0 93,8 '
<
31.0 40,8
R
14.6 25.2
49.8-47.3
- 2.6
5.8 5.6
59.6 6€2.2
26,4 42,2
75.3 73,0 7




f’erc entage germination
Kind of grass (ecotype):Per-: : t 5 t $ # o
e e icd 13th 14th 2th, 128k 9th. 5th. 223@5:

Plot number. of June Aug. Oet, Dec, Feb. Mar.
Date of harvesting, @st:iﬂg%? $1937:1937 3193‘5.:1937319.3?11

PANICUM s (continued).
G.39, 26-2-37,
P mum, (L,Brak Riv,) " 16 1€.5 22,8 38.9 54.5 70.7 -

alagvifb;;um, 17-2-37, i
(Rust der winter). 10 0.2 6.9 12.5 37.6 40.2 35.€ 14.6
PgEreufgm. i 10 - 4.1 9.2 - - - &
PASPALUM s

AQ4"11§ 1"4"37i 14 0.4 - 2.4 4.1 22.1 44.8 2»3¢9Y
A8, 1-4-37. )
Psnatatum. 14 - 0:? 1.7 2-6 36:2 35.6

SETARIA 3 :
H-?- 7 21"1"37. . T 5
(N .fhodesia). 11 1.6 11,9 3.6 31.1 22,8 34.6 €8.7 €7.5

F.9. 12-3-37, o
- 77.6

%9. y 4-1-3?. = - i G
Fb2, 27=-1=37, 4.2 21.9 37.9 65.8 69,3 -

SPOROBOLLS 3
Fllg . 11."'3."37.

B.,fimbriatus. -
(ﬁamma_nskraal) . 9 - - - - Byl €.8
G.25. 23-1-37.

do. (Zebediela). 9 o} O 0.3 0.7 0.8 0,4

THEMEDA TRIANDRA @

KR ®

> ~
B.2/C,.33, 31-12-36, 14 23.4 60.8 54.3 54.3 64.8 49,7
B.2/D.91, 31-12-3¢€,
(Pretoria). 14 20,3 34.9 25.4 44,5 40,3 27.1
UROCHLGA :
A.BG3. 4-3-370 '
(Elands Riv.) 12 ¢ (e} O D8 ©.7 0.3
Cogan 5-3-37. : -
(Magut ). 12 0 (6] S B2 10 230
C."?G. 28“1"37.
(Dongola Riv,), 10 0,6 0.6 2.4 2.5 1.7 5.5
G - 78 . 28"1-37 .
(Olifants Riv,). 20 08 O 0,8 )0 o+ 89
F.43. 8‘3"3?. ;
(Nile Riv.). 12 (4] o 0 0.8 2,8 2.8
F.54. 4-2-3?.
(Northam), 12 0 © 0.2 0.2 4.6 9.3
P. §?¢ 4'2"37-
(Nengoma ). i2 o o 0 © 0,9 0,9
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Discussisan : = Reference %o table 7 shows that

the trend of delayed germination of the seeds of individual eco-

fave,

was
types seldom gives a regular curve. This 1rregu1arity;¢s-en1y
partly due to the variability of the material beseause some dif-

weére :
rerences:&ne too large to be attributed to this fastor alene.

Apart from this irregular progress of after-maturation, very

Wwere.
sudden and marked declines in germination capaeity;&ao to be

" wers
found in a number of the kinds, Equally marked inereeses -axe-

also experienced, With only one or twe exeseptions, these falls
ded

:&s-not ocour until the advent of summer., Panileum caloratum

ecotypes C. 98, C. 100, A, 175, Panieum laevifoelium, Panicum

phragmitoides C. 21, Digitaria ecotypes A. 30, A. 34, A, B85,
A. 108, A, 119, D. 13, C, 69, A. 50 and Paspalum notatum

A. 4/11 are cases in point and this is most probadly to be at-
tributed to the high summer tempersture sutdoors. Very often
they exhibi{da partial or ssmplete recovery. It is not unlikely
‘Qﬁﬁn§¥ﬁfx H;g mggggwis,, in some grasses at least, only an in-
duced or temporary delay ("secondary dormanecy”"), There ssems
to be good evidence, however, that some have suffered a gradusl
and permanent loss of viabhility, within the 18 months of the
test, e,g. Panicum spp. G. 1 and C., 21; =and Digitéria eco=
types A. 23, A. 50, A. 40 and A, 108, A few kinds exhibigxé'
decline after 18 months, after their previous recovery (for
example Digitaria eccotypes A, 119 and C., 89), That the seed
with the quicker after-maturation have & tendeney to iocse thelir
viability fairly soon, appears to be borne out dBy the behaviour
of kinds such as Digitaria eeotypes A. 23, A. 40, A. 50, D, 25
D. 29, Cs« 69 and P. coloratum C. 21l. Thi= may also he nsted

in the rfirst column of table 8.

Seed showing zny pérticular type of progress of de-
layed germination défnot appear to be restricted to any definite
geographical or ecological region. Toble and Coffman (1940)

studying / ..
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studying individual plant samples of Avena fatua, reported

a marked difference in the proportion of dormant seeds from dif-
ferent localities and a wide wariation'!in darmanéy. ameng plants
from any given locality. Teole (1941),in studying the resistan-

ce to germination of various Sporohslus spp., alss found that

such resistance was not restricted to samples from any particu-

lar geographical region. Contrary to expsetation, genera like

Sporobolus and Urochloa which are non-stoloniferous and usual
ly well distributed, shoﬁﬁé marked delayed germinatien in these

tests.

TABLE 8 : A SUMMARY OF THE PROGRESS OF DELAYED GERM-
INATION AS SHOWN BY THE NUMBERS OF THE
DIFFERENT GRASSES (SEEDS) WHICH GERMINATE
WITHIN CERTAIN FIXED 4% RANGES AT THE
VARIOUS TESTS .

TOTTT TR LA B e e e S b B T e et S ke e e e e DU Teu e B By S Sue e Ter War Bt Wen Wow Guf e Wal Med dowm MUF P00 B JNN A S0 W0 AND W Nep e 360 0N MDD WS N W e See

Total

“f‘f".’.”iff-?.ffif*.‘{‘.’ef..f’if".’ii‘fff‘if“fifﬁfif‘l_ Numbe

Months of Outdoor - of Eed
Storage in Paper over 77 -907181-70: .31-50 - }1=-30 vuynder types
Bags 90 % % . 9 % % 104 tested

T e e S e S e e S et g b Y [t o ot e e ook Vot S o (e o X B S D 20 My SO NS B It S0 e S HS B B0 Mg S D T e e S 0 0 N Bap T BAe dny B S D e W S 0 T P

At 2nd bimonthly

test, 9.8.37, af-

ter approximately

4 months 2 4 T3 7 17 55 96

At 4th bimenthly

test, 9.12.37,

after approx. 8

months 6 16 12 22 19 28 101

At 6%th bimonthly

test, 2215q38, 2

after approx, 12 ,

months 20 21 21 18 12 4 96

At 7th test on
29.9.38, after ‘
appr.18 months 12 15 20 20 16 [ 87

In the previous season's studies it was found that
Digitaria sp. D. 56, "Peddie", gave 97% germination within 2
mowths ‘after-harvesting, Also Digitarie sp. D. 5, "Port Eli=-

zabeth", D. milanjiana ... D. 36 and P. etoloratum -4 €,102,

“Hammanskraal"‘/ .o
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"Hammenskraal" showed fairly rapid progress of delayed germina-
tion. . |

Some 18 of the sabove klnds,;ﬁﬁﬁﬁj panieums (viz, pa-
nicums ¢.21., ¢.75, €.79, ¢.80, C,91, C.92, C,.94, C.97, C.98,
€.99, C.100, C.101, F.14, F.6 and F.7; and Digigeria seetypes
C.56, C.1 and A.114) were alse under ebservation the previsus
season {indoor storage) and it is intevesting te note that irf
their performance & months after harvest is compared in the
two seasens, it is found that in only 3 of them (C.92, €.56 and
A.114) the germination was a good deal different in the first
season; all three registered under 10%, The remaining 15 kinds

exhibited almost identical germination in the two seasons,

Outdoor and Indsor storage. = To what extent the

after-maturation may be affected by reom storage as against
outdoor storage, is shown in the following semparison hetween
outdoor (in open) and indoor storagé in brawn paper bags,

the chief difference between the two methods of storing
being probably mainly the daily range in temperature fluo-
tuations. In the sbove survey, outdoor storage was resarted
to as it was considered that these would most nearly ap-

proximate natural conditions.

TABLE 9/ ..
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TABLE 9 : ACOHPARISON OF GUTDOOR AND THDOOR STORAGH OF SEED(IN
}Aiﬁ'ii} ﬁfiﬁu) * T?ia.s.. ifva&LU?"ﬂ ‘ LJ‘-JLJ.,T {;}L qfrii!-ﬁk-. If}fr TJR i..t.’]"

tages.
BIMONKTHLY TESTS . ... .  ‘Sixth Test
?ar%ieul&rss of seed Firat Test | Seeaad Test | Third Test Tourth Test Fifth Test ; %E
used, , Room 333:* Room  Qut=- | Room i}ut- Roem Qut- Room Out- Room OUub-
' ocr doo door door | door

‘-‘”Mﬁ“wwn"ﬂ“----““-‘tuﬂquﬂw--b-ﬁ“ﬂ-“-‘-‘—r-—”ﬁﬁ v - - - _”ﬁﬁ&*—b-&”ﬂnnﬁ&u-ﬁnw -
“ 2 C.0 1 2eb

Digiterie Al7. 0.3 - - 0.t |
de Ak, 7945 = |90.8  95.5 |78.1 Y95.0 |92:2 96.3/90.2 94,6 B7.4 72,3
do A30B, 3.0 - | B B.0! 9.h T27.5( 23,6 B6.2 30.2 “47.4 57.7 "76.4
do C61s LB - (14 20| 8.2 58 388 11.¥ %5 6.9 6.3 7284
Sporobolus sp. Fl2. 0.0 L TS R S T - | 4.0 = 8.4 5.111.6 8.2
do ¥20. 56,0 - 74,0 79,7 69.7 N92.1) BA7 785 - -| = 746
Penioun deustum B2, 0.2 = B0 1.8 | 6.3 B 2708 16,5 26.8 30,4 47.2 943
Fanicum laevifoliy 0 SR - 6.9 [18.6 12,5 37.3 ;?.é 36.2 40,2 42,1 5l
g 8 ¥ 2Eo 0y R & 7 B
Digitaria sp. (Molopo) B0 0.5 0.0 3.7 5.5 107 4.9 16.9 6.5 18.7 7.0 16,5
Brachiaria isachne 0.6 5.5 5.9 Go% 18.9 21,7 9.3 °27.8 = EE e -
Setaria sphacelate H10. 15 Mk el 306 Bu6 3.6 18.2 1SEE R 4d8 33,2 56,3
Digitaria line 12-8, 2.7 7.0 8.0 8.6 8.4 17,9 124 'SBTF Tu5 355 - -
do D23, L 18,3 TE1.8 38,0 L69.2 26,5 TW7.2 22.4 473.619.5 ‘69.6 25.9 ?7 X
Penioum minus B7-1 8.0 6.9 9.7 “29.6 11.5 %0.2 16.9 “50.9 23.6 ‘61,1 26.3 64,3
Digitaria sp. 423, 18,4 23.0 28.9 75.0 45,3 87.4 56.7 867 - = - -
T e S A A R S R SRR PR %
L R ' Gt R R | g g
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In the case of the sesds subjeeted 5o "monthly" tests,
the favourabls influence of ausdoor staraga;;:; on the whole,
very marked, whereas the same sannot be said of the "bimonthly"
lot, and the only explanation that can be offered, is that in
the "bimonthly" studies carried out a year defore the fermer,
the brown paper bags were packed olose together in galvanised
iron trays so that, possibly, the seeds were not subjest to
the same temperature as in the seeds submitted to the monthly

tests where the paper bags were kept apart, outdoers,

of Setarie were made (? two or three species) and after a
period of six months, germination tests were conducted, when
Lycenta g€

it was found that the appreoximate % of germinstisn varied from

8 - 81 %, In contrast to this 16 selections of Chloris gayana

made about the same time and germinated after about the same
period, varied approximately from 60«100% in germination capa-
eity.

In 1938 the survey was extended to grasses (Digitaria
ecotypes) then recently brought from N'Gamiland. The seed were
stored indoors in papse.bags. The results are recorded in

table 10.

T A BL E 10 : PROGRESS OF AFTER-MATURATION OF N'GAMILAND
Digitaria ECOTYPES , 1937-38 SEASON , AS
SHOWN BY GERMINATION TESTS CONDUCTED PE-
RIODICALLY. DURATION OF TESTS 12 DAYS .

--nup---—---uu-----t---———n----n—-n----i—h-u.——-ﬂ--i—---wi-—hﬂm-----——-

Date First Second Third
hay- 3_2; test test
et.

Particulars of Grass. ves- June June
ted 1938 1940 194}
1938 % % %
SEHLITWA. : !
No.3, Row 22, plant & 10/3 0.7 25.1 31.3
moy, v n " i 10/3 0.5 7.3 2%.%
"oy, n " 1" S 24/2 1‘.1 38.4 %9.1

MAUNS / LN J
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Particulars of Grass
MAUNS.
No. 1 Row 30 plants 1-2
o 1 " i1 E
TSOTSOROGA PAN.
No. 2 Row 12 plants 9 & 10
" 2 " 12 n "
"5 " 19 v 17 &18 ),
% SLer o RV ERE D )
A S L n 17 % .18
1" 5 " 9 n 9 &' 10
KWAATL.
Ko. 4 Row 27 plants 4 & 6
A s 7 & 8
1" 8 " 23 " 9
W, .G ISR 10
1 9 1 22 n 9 & 10
"9 n 22 " 9 & 10
o1 S 6
Gl L L 8
e A8 L L 1& 2
" 200 " 10T B G 7.8 % 20
RGN LRI 1,6 & 17
w 27,00 RS el e
NKOANA PITS.
No. 1 Row 30 plants §’& 6
e | " 30 " 5& 6
B i 30 n 5& 6
" 6 " 31 L H 9
GOMOTY RIV, .
No, 3 Rew 17 plants & - 10 )
b, 3 " 18 *« 1-~10 ))
GOHA HILLS. '
‘No. 1 Row 1 plant S
1" 5 m” 20 1 6
By » 385 S & 10
" 9 n 19 " 9 &_ 10

24/%

22/3
24/3
24/3
11/3

First
test
Oect.
1638

%

-

ol = |
£ N wWw 3

4.8

1.4
0

1.2
1.3

Second Third

test
June
1940

2.2

16.8

5.6

12.8
57.1

3.4
57 .4
4,2
47.3
7150
42,7
54,6

43,2

9.3
5043
47.0

11.2
12.4

8.3
10.0

25.3

4.9
8.0
7.0
5.5

test
June
1041

%

13.1
13.0

5.4
21.8

11.0

24,2
58,5

14,1
66.1
56.2
40,7
58,7
5%.3
g€l.6

35,7

9.6
42.8
66.6

39.4
49.5
60.9
27 5

33.3

27.3
34.6
21.5
15.3

GOHA HILLS / ..
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Date TFirst Second Third
har=- test test test

Particulars_bf Grass ves~- Oct. June June
; ted 1938 1940 1941
1938 % % %

i S e e Y i o s T o e ot B, 2 o e B o et S Sy v o . et S Wt . B S ot S ot St St et T P g e o T S Wit Sy W S T St . v S i

GOHA HILLS (continued): :
No. 9 Row 19 plants 9 & 10 24./2 - 585 51.

'?
M3 PARE ) 4 & 6 22/3 - - 79.7
2D 4 22/3 0,12 5.3 40,3
LRt i 22/3 = 9.9 40.3
" 22N 7 24/2 = . 54.8
-0 L I = \22/3 - 64.0 87.9
" 24 " 48 i PR BT 22/3 Lo 229 VB2
" 25NN R R S 22/% - 1.5 20.0
n 25 N ENNEEE S DT 22/3 - 36.9 47.8
25 MENAEERRE 22/3 - 52.4 60.3

RAKOPS.

No. 1 Row 30 plants 3 - 4 11/2 - - 18.8
I o 3 - 4 24./2 0.5 - 18,2
n P mE 5 24/3 0.85 - 6.2
n 2 mENER i 2 -4 8/3 - k= 25.8
" 2 n 3p m 5 24/2 0 - 68.8
20 S 10/3 -~ - 70.7
W% IS 8 2u/2 ~ - 62.7
wooh e SRR D0 22/% - - 21.8

ZANGHUN PAN.

Fo. 2 Row 7 plents & - 7 22/3 - 26.2 56.7
“ 2w o4g W 19 22/3 0,9 - 39.2
LR A 7 2u/2 3.7 320.3 LQ bt
nP DL S 7 10/3 2.4 21,5 ZBLY
L A T g ] 22/3 - 10.0 15.8

RAKUKU .

No. 2 Row 4 oplants 1 -~ 5 22/3 - - 2
w2t R SR 9 ou/2 - 2.0 2.6
wo P n iR 6,7 & © 24/3 - (i) 7

R 8 2u/3 - 0.1 1.2
W I B D 8,9 & 10 24./2 - 22.7 2155
B B S 3 24/3 - ~ 38.3

Dlsecussion , = After over two years of storage

the /. sn
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the seeds of the majority of these ecotypes germinated under
30% and few (6) gave more than 50%, only two of which had ap-
. proached a 75% germination. A year afterwards the two best
already appeared to be on the decline; a few had attained

the 80 - 90% mark but & number still showed poor germination,
whilst several had increased by about 50% in their germination
capacity. Seeds from the same plots,but harvested at different
dates}were included in these studies and it will be observed
that in a few cases differences as much as 30 and 40% were
realized after two or three years (e.g., Goha Hills 9 & 24).
Very interesting is also the phenomenon of marked variability

in germination capacity of ecotypes from the same locality.

Seed of the 1940 - 41 season. = During the last

season (1940~-41) attention could again be given to this work,
w-en seeds of a number of the previous grasses were once more

included. In addition, ecotypes of Chloris gayana, other

panicums, ete., were included. Seeds were stored in laboratory
in tins with perforated lids. In these tests 15 day:periods
were used for all kinds of seed as this is more convenient. 1In
a few instances seeds from the same plot but of different

dates were incorporated. Those seeds which could be cleaned
before~hand, e.g. of Panicum , were germinated 4 x 100.

The temperature employed was ca. 28°%¢. The results to date

§
appear in table ll.)

) The dis_cussion following table 11 does not take into
accouwnt the data presented in the last column (6th test),
as these figures became available subsequently. It therefore
remains to be indicated that, according to the valves oi
the 6th test - after about 12 months ~, cnly 12 of the
ecotypes under observation (exeluding, ¥hodesgrasses)
germinzted 50% and over, whilst 23 germinated 30% and
over. Attention should &lso be. drawn to the very marked
rises in germination registered between the 5th and 6th
tests by P.maximum A361 (from 16 to 83)), as well as by
several rhodesgrasses (e.g., A169, from 10 to 70%).

TABLE 11 / ..
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TARBLE 11 : THE COURSE OF DELAYBD GERMINATION OF 1940-
41 SBASON 'SEED, AS BHOWN BY THE PERCENTAGE
GERMINATION WITH BI-MONTHLY TESTS,. THE
THIRD IAST COLUMN SHOWS THE PERCENTAGE HIFF-
ERINCE BETWEEN SOIL AND INCUBATOR TESTS,

S - — - - . 4 - - - - A T S S T T — -]

piff,

- Kame of grass. lat 2nd 3rd 4th Soil & 6th 6th
Plot number, Test Test Test Test Incub, Test Test
locality. Tests.

Date harvested 1941, % % % % . % %
PANICUMS s ) o |
P,laevifolium, N36, N K
Thakkevstroom) 27/l. €.3 0.8 1.0 4,0 +49.5 3,5 11.5
P, maximum, Nge., 4

2471, 0.3 11,3 3.3 8.3 +69.3 5.0 10.8
phrapgnitoides,N121
%ﬁg%aﬁ§§§ﬁﬁi's“37/1. 0.6 9,3 ' 9,5 10,8 +30,2 13,0 21.8

do . 8/2, 2,6 3.3 0.5 B8s0 +B0S 18,8 26,8

P. maximum (?),N122,
8/1. 1.8 20.5 27.3 21:3 - 32.8 37;0
dO. 24/1. 108 1608 22 .G 22 .3 — 26 .5 27.5

Py maximum (?),N123, '
(ﬁanyuiii 24/1, 1.8 16,8 20,3 24,8 - 23.8 30,5
Pe minus, Al4g . p
S0k 2871, 0,3 1,0 0.8 6,0 #31.0 2,8 11,6
%, mg;%mum, Al154, : P
Coast 24/1. C.,5 8.8 34,0 52,6 +68,5 34,8 ©B585.3

do

: 3/8, | 0.8 6.5 18,6 29,0 - 26.3 £9.8
.{a_ﬂaaigzﬁ, A26Z .
(Rustenburg) 24/1. 0 6 0,6 © - 0 @

' %;Amazzaga» A277.
Bﬁngt)la 35/1; 0 3.0 200 2.0 +9 +0 5.5 4,0

Welspruit)  28/1. 1.0 85,3 77.3 79.5 - 158 83.B
P, maximum A384. ¥

rﬁsi§%%5r£3 . 2B/1, 3,5 41.3 46.5 39,0 - 59,0 49,8
P, maximum A434,

(elopruit)  28/1, 8.8 46.8 61.3 6€9.3 i Ba.a . BB
P, maximum, A320, ,
Tﬁyi?f%ﬁﬁsbrt) 28/1. 0.3 10,8 17.0 21.0 412,56 17.0 21.5

Po maxioum, A4236, .
(Eersteling) 28/1. @ 0.8 14,5 18,5 26,0 +656.,8 87.3 60.0

P. - Ximllm A‘439- "
T?Eé%EFTﬁE&op) 28/1. 8.8 11.5 6,0 18,3 w 8,3 10,5 16,8
FoVEN

(Hammanskraal) 25/1. 5.3 22,5 44,5 49,8 20,8 46,5 61,8
') In 21l seeds except those of Chloris and Digitaria ecotypes,
preeleaning was done, and in such cases, therefore, 4X100 seeds
were used per test., The replications of individual tests were
serutinized in acecordance with the Canadian Germination Tolerane
Tables (0ect.1939). Adjustments were made vhere necessary.,

") After the 4th test, germination tests were conducted in soil(i
trays) outdoors, for comparison with incubator values, The ¥ per-
centage difference in the table is expressed as ¥ or - values in
relation ‘to the incubator values.
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+~ -Hame of grass. 1st ©2nd 3rd 4th Diff, &th 6th
Plot number, Test Test Test Test Soil & Test Test
Locality. Ineub,
Date harvested 1941, ' Tests
% % % % % % %

- —— o . - —— . — - " —— —— . —— - - — - — -

PANICUES : (continued)

(Krokodilpoort)A420.
28/1. CuB 31,3 37.0 41,8 - 30.5 . B}.3
A494,
(N'Kandlha F,) 28/1. 5.8 16,8 27.8 17,0 - 85.6 44,0
Selection 1-6,
(Makarikari) 10/2, 0.0 0.5 0.5 1.5 - 0.8 245
do 2""1!
do 4/2, O 2.8 Dy 853 - 4.3 Ted
do CwZe
do 4/2. Ot Ce8 2.0 16,0 - 16,0 16,0
do 3=2 s :
do 4/2. 903 008 1-8 505 i 308 11-5
d.o 3"'4.
do 4/2, .6 2.8 3.6 4,0 - 2e3 6,0
DIGITARIA 3
N25. ¥
(Raprivi) R/ L, Q Q.2 0.8 .8 + ‘?.Sﬂ 1.1 28,9
N31l.
do 15/24 ki C.8 X:b B.2 =+ 4,0 101 -
A701. 4]
(ChObi River) 11/2- 1.2 e 2.8 Tl  +. 8,0 5.0 2.2
A309- w *®
(Dongola) 25/1, 5,9 9.6 48,0 22,2 <16,6 3.9 41,3
ASE'Q
(Fhodesia) 14/2 0 - 0.5 4,3 + 6,0 4,9 -
D, foldiosa, A74. o

14/2. 0.5 1.5 2.2 26.3 + 4.0 17.0 35.9

_ 4604, _

(Gomoti ni"!.4) 3W1| 005 0-5 (#) 1-3 - 9.0 007 1.9
AG13.

(Gomoti Riv,.3) 3241. 0.3 Xl Bak 2.2 +1645 2.3 646
AE8S.

(Gomoti Riv.) 5/2. 0 0 0 0 e Byb (0 TRREE 7
AE89.
AGQL9,

(Gomoti Riv.,) 5/2. o) o (4] G *.T.5 0.5  5g4
AGO1.,

(Kwaai n0.23) 39/‘. 009 0.9 102 1-5 = 4.5 O 3.5

(W'Gami lake) 11/2. O O8O C + 5,5 O C
A708

(Mobabi flats) 11/2. PR 0.3 C.2 +10,5 1.5 1.9
A717.

do 5/2. G'Q 2 0.5 & 0.6 8.5 0.6 2114

A394 '

(Nkoanz P, §) 30/1. C O O 16 + 5.0 O 1.6

® These values were obtained with soil and incubator tests,
using 2x50 seeds per test.
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“ By s R |

— - - - - — - —— T — - - - —---B;-.E:: -----------
Name of grass, st 2nd 3rd 4th Soil & 5th 6th
Plot number., Test Test Test Test Incub. Test Test
Locality. Tests
‘Date harvested 1941, % % % % % % %
| ,L'«"" , o 9
DIGITARIA 3 (continued) ;}( I T S| Sy s
: Qe
AB98, .
(Rakops no.5) 30g%. O.l 05 0.2 1.3 +10.Oj5 0.3 2.1
ABD
( do. No.86) 30/1:- 0 0.3 0.2 0.2 +» 3,0 0,5 0,7
A494,
(TsotsorogaP.5) 6/2, 0 0 O OE e 9.0 0 1.0
do 1/2. CRE W VR | G s | S PR ¢
(Zanghun Pan 2)30/1. Od. lo4 0,7 3,6 + 4,6 0.6 70
I_F:- i A.616. |
do 31/1, 7 101 &.1  B,1 + 3,5 1.0 = sl
i A720,
B do 11/2. 0 " 155 0.3 0.6 +10,0 7 1.1 1.8
E’,? do TE/RL B D BB 0 e 8.5 O
.?: 2423, :
B | (Inkruip) PR/ PR 0L 0,8 e 9.0}@ 0.6 1,8
E'?’_;’:‘ g AQG-
R (Rietondale) ?';{2. D12 ARE 184 57,6 + 5.5 65,3 59:.%
M A710.
?ﬁ”, (Lake Shirwa) 5/2 C C.1l O &) + 4,5 0 (4]
;A':ﬂ. : A817-
’ CHLORIS GAYANA 3
A202.
(Clifants Riv.) 7/2. 1.9 2.8 24,3 15,1 - 34,8 68,2
A170. :
(Salt Pan) /24 1.3 - 9.4 18,6 - 41,5 44,7
= AlE7. 4 ,
o g (Zebediela) 7/2. 1:3 1651 1B 29,8 +26,0 T2.,C 584
o : Alssn ' ~
(Ccnmercj—al) ?/2 1,1 40,3 1?.0 37.2 - - 3306 66 .8
ASQ2 ., ;
(TugEIa) 7/2. 0.2 2.1 645 16,2 - 16,3 B357
Al74. 4
( do no. 2) 7/2 . 4,8 33.8 33,5 €0.,9 +35.6 70,3 73.8
Al69, R
3 (Lourenco M.) 7/2. 1.9 32 3.8 14,0 - 0.2 70,3
: A367.
(St.Elm Hosp.) 7/2. 28 32 Ge7  21.2 - 12,7 38,2
Al72. +*
( do. no. 1) 3/2. 12,1 65,3 40,2 83.8 - 76.2 94,8
Al72,. 3
( do do ) /%« 3.4 59,7 22,8 64,7 - 53.8 T2.6
Al72,
( dO dd ) 30/1. 3.8 .0.2 28-5 51.6 - 49.8 79.2
Selection from
UCormercial" 3/2., Bl 10,1 BEL0 S88 - CE .6 -
A245, <+

(Umfolozi Riv.) 3/2. 5.6 30,8 19.1 61.7 - 73.2 80,2

- - - ——— - g e - — -
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pDiff,
Name of grass, st 2nd 3rd 4th S0il & 6&th 6th
Plot number. Test Test Test Test Incub. Test Test
Localigy. Tests
Date harvested 1941. % % % % % % %
Brachiaria brizantha :
A259, _
(Rustenburg) 24/1, 0 0 0 0.5 - 0.8 -
A259,
do 3/2, (4] O (0] 0 - 0O -
A485,
ECHINOCHLOA 8p.:

Nli2 4
(Sharangani) 24/1, 1.5 8,3 12,8 29,8 +23,5 36,0 -

PASPALUM 3
P. notatum, A240,

(Rietondale) &7/ L. & 0 0.3 » 1.0 o
A240, S
( do ) 3/2. (4] 0 0 0 + 2,5 o o)
A240
(. 4o ) 30/1. 0 4] 0.3 0 Q (4] O
Wylliespoort) 25/1. 0 s) 0.3 0.5 + 6,5 0.0 ' 8.3
do AB30.
(Kabulabula) 1/24 0 [e) €] 0 + 0,5 C 1.0
do AB30,
( do b R . ¥ (R 0 o] 0 0 11,5 4.8 17.0
do A386 .
(Pungwe) 28/1. 0 6] 0 0.5 +47.,5 11,0 45,0
SETARIA 3 .
A298, [
(5t.lucia Lake) 3g2. 0,8 4.3 17.3 289.8 +16.5ﬂ 38,0 54.5
A298 .
( do ) 25/1. 1.6 11,0 12,8 27.0 +35,6 3540 -
A296, ; @
(#hite Riv. ) 25/1. 2,3 27.8 42,5 52.0 _15'0¢ 777 57.5
A287.
( do ) 25/%. 9.8 27.3 839.7 44,3 +15.5 59.3 49,0
A287.
( do p gD ¥ B8 1.0 16,0 17.0 26,0 + 7.0 29.8 29,8
AS86 . @
( do A ¥, ¥ 0.3 17.5 23.5 41.8 + 4,5 44,3 54,7
UROCHLOA 3
N85, : ,
24/1. 0 0,5 0,5 4.3 - 1.8 -0
Al183.
(Rietondale) 27/1. 0 0 (¢} 0.5 - 0.3 -
Al82, .
(Hammanskraal 4/2. 0 0 (o} 0 = 0.5 %
A4E8,
(Matubatuba) 11/2, 0 ¢ ¢ ¢ - Ce3 0.8
A183, '
(Rietondale) 4/2, O 0 @

Oeb - C C.3

- - - e S e S S T G G O S o B S T S S T S S e e S T ——— - G - -
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Discussion., =~ The N'Gamiland digitariss {sll exsept

the last four and the first six in the above table) behavéftha
same 88 in the previous survey (table 11), so that a prolenzed
delayed germination may be anticipated far them., Seeds of these
grasses will most probably not be ready for sowing until the
second or third season after harvesting. In comparison wish
the results of the earlier survey, the other digitarias in She
present 1ist‘;§;§11p to expectation, After about 10 monthe the
majority were germinating under 20%, only 2 registering over
65%. Also Urochlea ecotypes::;; up to expectation, as con-
pared with the values recorded in the earlier survey and the
.evidence on hand would tend to strengthen thé belief that this
genus is one of the worst groups in this respect. The paspalums
also axhibié{long periods of delayed germination as they only
germinate between O and 10% after about 10 months, and would
therefore not be ready for ptenting at the time of the first
planting season, Apparently the experience is the same in the
| U.S.A. The values recorded for Setaris ecotypes agreé{wivh
the results obtained in earlier studies and, compared with the
results of other genera, they g§§~or average performance. The

variation showp a gradual rise from about 30% to 77% after sbaut

ed
10 menths, The rhodes grasses (Chloris gayana) shoq a wide

range of variation in the progress of their delayed germination,
uer
though a8 a group the perlods J&re shorter than any other group
was
under observation. The performance of the panicums s, if any~-

thing, poorer than that obtained in earlier tests, when the
majority tested over about 40-50% after 10-12 months. It may
be concluded that they exhibit, as a group, shorter periods ef
delayed germinstion than the digitariaes but are surpassed by
the rhodes grasses.

ed
The three Brachiaria brizantha ecotypes show low

germination after 10 mo?th? and it may bBbe assumed to be & spe~
of dela

cies with a long perioi the sceds of which will not be ready
rfor / ..
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for planting by the first growing season. The value of 35%

(after about 10 months) for Echinocloa.: is well below the

values previously obtained}so that good germination in the
field may perhaps be anticipated for the majority by the time
of the first growing season.

With the exoception of the 1% rhodesgrass ecotypes,
only 6 of the ecotypes listed in the above table exhibiidso%
and more germination, whereas 16 sh0€d50% and over.

Also in these studies irregular progress in the de-
layed germination of certain ecotypes*;:levident. Except in
the case of one Panicum, this group of grasses has shown little
improvement between the third and fourth tests. In a few

caseg declines in germination were also registered here, as

for instance in Chloris gayana. As, however. these seeds

were kept in the laboratory, it is not likely that the ir-
regularities would be as marked as experienced in the earlicr
studies., Differences due to date of hervest have in some in-
stances proved to be quite appreciable. Thus, in the second

test a difference of over 60% was recorded for Chloris gayans

A. 172, whilst afterwards differences of 20 - 30% were still
obfained.

The foregoing results’obtained on the seeds of a
large number of native grasses over several seasons and em-
bracing & number of the more important genera from an agri-
sultural point of view, reveal that, with few exceptions, the
seeds ofziﬁzegrasses have feirly prblonged delayed germination
as established by the conditions of the incubator tests. This
oondition of affairs makes it desirable to consider and study

suitable means of meeting the situation.

Soil tests, ~ In order to ascertain what the dif-

ferences would be between germination in an incubator at 2800
and that in soil outdoors of the seed listed in table 11, so0il

tests / ..
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tests were undertaken in trays outdoors as soon as spring had
set in. The data are tabulated in column 5 of table 11, the
results being expressed as plus or minus differences in re-
lation to the incubator figures. In the case of the panicums,
the s0il tests (2 x 100 seeds per test) were compared with the
incubator values of the previous (fourth) test. In the other
grasses the comparisons were made with new incubator control
tests of 2 x 100 seeds per test and the soil tests were also
conducted with 2 x 100 seeds per test, except for the few
kinds of seeds indicated in the table, whieh were used 2 x 50
per test.

The results are interesting. In all but three grasses
the so0il conditions proved to be more favourable for germination
than the 1ncubator condltiors. Though large numbers of seeds
per test could not be employed, the values (representing dupli=-
cate tests) should nevertheless give a good indication. The
only 3 =~ (negative) soil values exhibi{diarge differences and
should, therefore, be significant. Incidentally two of these
i;;;?the only digitarias which have shown an appreciable germi-
nation in the incubator. Better germination in the so0il than
incubator was anticipated from past experience snd the main
cause is considered to be the more favourable temperature con-

d’.éal’e_.

ditions prevailing outdoors. It;w£££4be shown eslsewiere ths '
light may be responsible for a certain amount of discrepancy
between Incubator and soil tests. However, it is felt that
some other Important fector (s) migﬁt also come into play.
Very interesting 1s the phenomenon that the observed

delayed germination of the panicums, as a group,ﬂigfbVeroome
to & very large extent by soil conditions. In & number of
further Panicum selections_("makarikari") not included in
the table, the plus values for s#il tests varied from 2,5 to
50.5% , though none of the incubator values exceeded 2.5%.

- T/t
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In the digiterias, the plus dirrerencegsa;;psmall and agreg‘with

expeetation but a differenee such as plus 45.5% realised with
Paspalum serobiculatum is very obscure, where the other two

» reye
scotypes of this species;giélfar below, and where all are- show-

1ng no germination progress in the incubator. Our experience
with the seed of this partieular ecotype is that the embryos and
not the "testa" was, at the time that this test was undertaken,
almost entirely responsible for the observed delayed germina-
tien. Yet for this one castype the "soll effeect" could elimi~
nate this "embryo"-inability, to the extent of almost 50% where-
as in the other two very little or hardly any effect was ob-
tained. The discrepancy between incuBator tests(28°c) and soil

tests has in faset been previousgly observed for Paspalum scro-

biculatum. ‘

| It would almost appear that about 50% of the factor (s)
responsible for "embryo® disability is perhaps to be partly or
wholly ascribed to another cause (s); or otherwise, that
"embryo" inability comprises more than one factor or a "system"
which can only be eliminated in & series of changes or steps.

This high value for "soil effeet™ has actually been
equalled and surpassed by certain panicums, the highest differ-
ence in the latter being 69%. Perhaps we should seed to dis~-
cover the means by which this is accomplished.

Whilst, osn the one hand, there is evidence that for
certain seeds delayed germination 48 pdt disadvantageous from
the agricultural viewpoint (because a gpod germination may be
obtained under field conditions by the time of the next zrow-
ing season), there are, on the other hand, strong indications
that for the majoritf,such conditions will not be reali;;d, par-

ticularly in the digitarias.

(2) An Analysis of the Apparent Causes of delayed Germination.

In the literature the two usual or main causes of

delayed / ..
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delayed germination that are recorded are :.

1. those due to seed-coats and

2. those due to conditions associated with embryo preparedness
In the case of the Gramineae, however, the first-mentioned is
generally regarded as the one most commonly respensible, but as
far as the writer is aware, there appears to be no very definitec
agreement on the whole matter and also that no systematic at-
tempt has been made to analyse the causes of deléyed germination
over its full period. As this appeared to be an important con-
sideration in the study of methods for the elimination of de-
layed germination, particularly where our experience in this
respect has often been of a somewhat contradictory or obscurme
nature, attention was directed to thié phase ofxgg; problem in
order to try and gain a better understanding of the extent of
the fundamental controlling factors. The study has, however,
been only recently undertaken and then only after much time
had been devoted to methods for the overcoming of delayed germ-
ination.

Methods and:materials. ~ For these studies a number

of different kinds of newly harvested seeds, belonging to sc
al genera, were employed. The seed-coats (testa and pericarp)
of the caryopses of these were hroken and thereafter germinated
in the usual way, The method adopted was to file the fruits
of the larger kinds until a small portion of the seed-goats had
been removed and in the smeller kinds %o carefully set free the
caryopses from their coverings and them to seratch them. In

Sporobolus and Chloris gayana the removal is comparatively

easy but in the panicums, digitarias and others this required
more skill, careful handling being necessary for sll, se that
the work entailed was quite appreciable. Under the circum-
stances, therefore, it was decided to use only 2 x 50 or 2x25
Sseeds per test. The results, to date, of this investigation

‘dre tabulated in table 12, %
T A BLE 120/88



fnhia 12. The effect of breaking of the séed-coats on the perccntagb-gtrminatian of various
kinds of seed - Dbeing an analysis of the resppctive contribution of the main factors of
seed-coat restrictions and 'embryo' inability to the progress of delayed germinatione

~FTrsl Test T Second Test | Third Test : Fourth Test : Iest Tepeated
: =) directly after

Kind of seedj date coats coats coats costs coats coats coats coats coals coats
harvested in 19413 plot :broken:intactiibrokentintacts ibrokensidtact:sbrokensintact: :brokensintact:
number snd ecotype. % s & & % % % % ] “
Brachiaris brizenthas ' '
Rustenburg, A259; 24/1. 3.0 . 0,0 8,0 0.0 §.0 0.6  21.0 1.0 - -
Weenen, A495; 28/1. ©C.0 0.0 18,0 ' 0.0 3.0 0.0 ' 36.0 23.0 12,0 41.0
Chloris gayana! ; ,
Umfolozi, A235; 3/2. 84.0 4.0 100,0' B0 9640 - - o BEE i w  PBT
Rietondale No.1l,417237/2. 72.0 1640 96,0 14.0 - - - 24.1 - 46,7
E" | - _ - . :
N.112; 18/1.  meis 1.0 . BB G0 93,0 21.0 . - - 32.8
Digitariat = |
: ke 111/2- = - ol =t 82.0 ' - 7400 100 40.0 26,0
n'GapbleAidGin 1880 7. 32,0 2.6 72.0 0.2 84,0 - 7.0, 00 T78.0 0.0
Kwaal Hs.ll,AﬁQBg 30/1. - - 78.0. % 1.0 28,0 - - 0.0 - -
do FKo. 4, 3/1938. - - - - 20.0 ' 14.0 S b i o
Tsotsoroga No.2 ,
2/1938. 82.0 5.4 83.0 0.0 - .
Gﬂmoti R.,Aﬁss; 5/2. 43.0 2.0 82.0 4.0 i °
do A689; 11/2. 89.0 1.0 61.0 Q0 . 30.0 .

78.0 4,0 92.0 1.0 =
81.0 0.0 62.0 0.0 14.0
73.0 11 o0 90.0 0.0 b

NkoanaPits A3943; 30/1.
Sehitwe, A7103 11/2.
TsotsorogaPan No.5.,1/2.

L B B B O
£ RE 3 2N
O S B R
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First Test Second Test Third Test Fourth Test Test repeated

directly after
previous test.
Kind of seed; date ' coats coats coats coats coats coats coats coats coats coats
harvested in 1941; plot tbroken: intacts :broken: intact: sbroken:intactt :brokensintact: tbroken:intact:
number ané_ecotypes % % - % .. b i % %_ %
Panicum:
e < ¥ Y 5 . '
Pomaximum,N192; $8/1. 188 6.0 N0 910 46,0 25,0 18,0 #7.0 €0.0 $2.0
Nelsprult, ad34j 28/1. 39,0 4.0 93,0 66.0 78,0 7840 88.0 80,0 - -
Makarikari 2-233% 12/2. 48.5 0.0 94,0 26 - - ' 2344 - -
Psproliferum, 44236328/1. 560.0 6.0 74,0 23.0 - - - - 80.0 61.0
Wylliespoort, A390328/1. 14.0 1.0 €8,:0 130 8B.0 15:0 0.0 18,0 380 10,0
Raspalums , ' 0
um, AR403 27/1 16.0C 0.0 13.0 C.0 45.0 0.0 58.0 0.0 - 0.0 3
_ggsxﬁh_gu;_&gm 4275 - ‘ : '
"eg/1. 1.0 0.0 Tt 00 Mo GO0 40 1D . 0.0 ,
do A386 3 28/1. - - - - 100,0 0.0  100.0 18.0 -  11.0

43.0 0,0 2C.0 0.0 18.0 0.0

do AB303 1/2.
21.0 . 2.0 17,0 0.0 26.0 0.0

do do - 25/1. > o ) -

a 3 21/2141. - 34.0 1.0 - - - 13.1
%ok

St.lucla Lake,A298525/1. 1.0 6.0 8.0 8.0 10,0 20.0 22,0 22,0 22.0 49.0
White River, A296; 25/1- - ‘ - - - - - 15.0 55.0 18.0 80.0
5931'0991 usi . ( : !
N.K« 2973 27/1. 0«0 0«0 0.0 20 W0 | - 4240 Ce0 - -
Nl 352' 2/1. o -~ 2.0 O;O 4.0 -~ 7.0 0.9 - -
Urochloa: | | ; | |
Al83; 24/1. 0.0 C.0 Q.0 008 D0 0.0 08 080 . 8.0 0«0
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Discussion. = At the outset it should be explaned

that reference to "embryo" and "seed-coat" restrictions does
not necessarily imply an interpretation in the strict sense
of these terms but should rather be regarded as terms of son-
venience)altpough it seems that the "seed-coat" fastor is
really applicable in the strict sense.

The results to date have brought to light very inter-

esting facts. It ie evident that in the Brachgria, Sporoholus

and Paspalum ecotypes under study the embryo as well as the

seed-coat play 1mportant roles in delayed germination fer se-

veral months after harvest, The embryos* gradually beqﬁme more
Wwere

capable of germination, whereas the seed-coats;&r& still re-

stricting.,

However, the seeqﬁ of P. scrobisulatum A. 630 of
4
1/2/41 show}'a distinct retrogression of the embryos at the
time of the last aﬁd second last tests, the phenoemenon also

being very noticeable in the case of the Brachiaria. This is

most probably only a temporary decline of germinability.

The position in regard to the Urochloa is not clear
and presumably none of the embryosﬁ;;::as yet ready for germi-
nation. This is perhaps a generic characteristie. Only time
will help to answer the question; it is hard to believe that

embryo immaturity could be entirely or partly responsible for

the delay.
It has, however, been found at the time of the final
f were
test that wheﬂ-the caryopses of Urochlea axe removed from the

Frose-
coverings, and then scratehed,the germination immediately, wises

to 88%, in comparison with a germination of 0% for seceds serat-
- ¢ched inside their coverings.

The Echinochloa, the Chloris gayana and the Digi=-

taria ecotypes, as well as certain penicums,belong to a group
in which the embryo is far ahead of the secd-coats, the latter

seizing / ..
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seizing to inhibit only gradually. It is quite ecertain then

that-at leaxt in these kinds the seed-coat does nst retard

the after-ripening of the embryo permanently, if at all. Fur-
ther direct evidence on this point is submitted below, This

is important because one might have thought that embryo inabili-
ty is directly associated with seed-coat restriction as a re-
sult of the possible restricted or inhibited gas exchange.

In connection with the digitariass it can be mentioned
that the seeds of two N'Gamiland ecotypes, "Kwaai No.#" and
"sttsorogé Pan No.2", giving at 3% years respsctively 14% and
5% germination, yielded 70% and 82% germination resﬁectively)
with breaking (scratching) of the ssed-coats. The Eidmann (Na
selenite) test ') showed that a certain percentage of the seeds
of these two ecotypes had already lost viability) but that the
embryos were not responsible for the observed delayed germi-
nation, and that the seed-coats were, therefore, entirely re-
sponsible for the observed delayed germination at the age of
3% years, It is evident that viability may de lost before all
or even a high percentage of the seed-coats have lost thelr
DOwWers df restraint.

| It is further apparent that in none of the kinds of
seed under study was only one of the two factors responsible
for the delayed germination and that on the whole, the seed-
coat faqfor plays.the greater role. In Panicum A,.434 the
progres§ of embryo and seed-coat dalay was apparently prooceed-
ing simqltaneously.

The phenomenon of embryo retrogression is alego very
clearly exhibited by certain Digitaria apd Panicum ecotypes,
It should also be mentioned here that it has been found that
it often mekes a great différence whether seed~-coats are broken
after the caryopses are set free or without removing them. At

hhhhhhh ;--ﬁ-ew-éi-—.........__......._---—-—-—u— the / P

') Eidmamn test values were 69.5% and 68% viable resp.
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the time of the last test above, 13 egotypes wers thus compared.
Two of the panicums and one of the setarias were apparently
somewhat unfavourably affeeted by the setting~free of the
caryopses. Of the other 10 ecotypes, three were about eaqusl
with the two methods, but 7 clearly bhenefited by the removal of
the caryopses, showing considerable differences in some sases -
the differences being ss much as B8% (Urochlos). One and the
same method of breaking seed-coats was used throughout for
every kind of seed listed in the table.

Thg behaviour of the 2 sotarias, in which the breaking
of the coats-causqg'a drop in germination, is puzzling.

The high soil test value of Paspalum A.386 (table 111’
in relation %o the other values for the ecotypes of this species,
is now far more clear, if the respective values in table 12 are
considered alongside thereof. b

In passing it might be mentioned that for a Chloris
gayana ecotype, it was established that after 48 hours imbibi-
tion, scratching had no longer any effect on germination. It
further appears that in those cases where the seed-coat offers
resistance to germination, water penetrates but whether readily
enough or whether this occurs in preferred regions of the grain,
is not known. It is conceivable that rate of penetration or
preferred paths ef penetration are important in pr%&érminatioa
events.

The value of this type of study for the problem of
finding éuitable methods for overcoming delayed germination
will be apparent. In the first place, it would perhaps be de-
sirable to consider methods for the two individusl factors se-
parately or at least attempt an analysis of the effect of &
treatment on the individual faotors. If it is decided to di-
rect attention to the restrictions caused by the seed~coats, it
would perhaps be best to wait until the embrys factor has been

naturally / ..
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naturally eliminated as in this way the interpretations will
not be unduly complicated. Unfortunately it is not possible
with this analysis to obtain an exact evaluation of the seed-

/Devcenfa.?c_.
coat factor when its}%\contribution is equal to or greater than

thef%:gg:f;ibution of the embryo factor, but only when the
reverse is the case. On the other hand, of eourse, the value
obtained for "coats broken" is always a trus evaluation of the
condition of the embryo.

The effect of seed=-coats on the course of delayed

ed
germination. - Where the results show that both seed-coat and

embryo play important parts in the observed delayed germination,
the questicnﬁa;;zzé-as to how far the seed—cqat restrictions are
themselves responsible for the delay occasioned by the embryo.
That 1s, whether gas exchange is restricted, and if so, its ef-
Tect on the after-maturation associated with the embrye. In
order to study such a possible influence, a large number of

seed of Paspalum notatum A.240, of 3/2/4l1,amd of Brachiaria

brizantha A.259, of 3/2/41, were scratched on 16/10/41 and
thereafter germinated on 3/11/41, 17/11/41, 4/12/41 and 6/1/42,
The germination percentages recorded were 11, 12, 8 and 40 for

the Paspalum and 24, 27, 44 and 14 for the Brachiaria, the

controls throughout being 0%. At the commencement of this

study the Paspalum and Brachiaria germinated 567 and 21%

‘reSPectivelylwith breaking of the seed~coats and at the last

.xﬁate of test the valu¢s under the same conditions were resp.

JREB% and 44%. It would thus appear that for the period studied,
seratching has, if anything, been unfavourable to the course of
after-maturation of the embryos of the Paspalum, whereas in the
case of the Brachiaria no improvement is evident. It, there-
fore, seems doubtful whether the restrictions imposed by the
seed-coats are unfavourable to the course of the delayed germ-

ination attributed to the embryo as would appear to be sub-

stantiated / ..
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stantiated by the indirect evidence indicated above.

The influence of coverings (bracts) on the course of

delayed germination. - When caryopses of ecotype A,172 (of 7/2/

1941) of Chloris gayana were removed on 19/4/41 and germinated
ércentast

on 26/9/41, theﬁ%\germination was 61.5. Germination fell rapid-

ly, being 12.5% 11 days afterwards and 9.0% on 7/12/41. AS
the last-mentioned date the control registered 46.7% and one
is forced to conclude that with this particular ecotype and at
this season, removal of the bracts has depressed the germinabi-
lity far more than was experienced with the uneleaned fruits.
Here we may perhaps onece more revert to the enquiry
as to the suitability of the temperature employed (and to some
extent also of the other conditions) in the tests, to provide
8 criterion of the state of delayed germination. In table 11
it will be observed that in those Rinds of seed~in which a pro-
gress could be clearly discerned, there is a very clear rise,
step by step, which would not have been obtained under less fa-
vourable conditions. In addition, the soil tests withithe
Digitaria ecotypes very strongly support this view. Also,
the values tabulated in table 12 appear to bear this out, since
all the test with "broken" sced-coats show a similar, consistens,
increase in germination in the consecutive tests, in those carses
where the "embryos" were clearly after-ripening. At first sight
the urochloas might appear not to support such a view but else~
where they have shown to be able to germinate at 2800 to some
extent, after long periods or with treatments. WMoreover, they,
as well as other resistant kinds, have failed to respond to
lower even temperatures. It seems not incorrect, therefore, to
regard the conditions employed as favourable enough toc serve as
an interpretation of the state of after-maturation of seeds.
It is, therefore, tacitly assumed that the seed of any of these
eaotypes should germinate completely or nearly so, at ca,2800,

when / ..
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when fully after-ripened and, moreover, that where the soil is
able to produes a higher germination,within reasonable limits,
than that obtained at 2800, the increase s0 registeréd amounts

to stimulatioh.

The ahove investigations may bhe summarized as Iollows:-

1. Several surveys have been undertaken at different times to
study the course of delayed germination.

2+ Delayed germination is exhibited by the seed of all of the
many ecotypes, belonging to a number of genera and species,

under observation.

5. The duration of delayed,germinstion varied from about 2
months in the Peddie ecotype of Digitaria to well over
3% years in a number of N'Gamiland ecotypes of the same

genus and the maximum period may apparently be much longer.

4. Thslextent of the variation in resistance to germination
does not appear %o be a characteristic of the seed of any
group (species or genus) of grasses, or to be restrieted

to seed from any geographical or ecological region.

5. Although environmental conditions during the development,
field maturation and storage of seeds, may have an import-
ant effect on the course of delayed germination, the basie
fastors responsible for delayed.germination appear to be

inherited.

6. The course of delayed germination is frequently not a
smooth one, as sudden rises and falls, which usually co-
ineide with the advent of summer, are exhibited in seed

stored both outdodré'End indoors.
: p

A A
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In certain cases a diserepancy, occasionally of some
magnitudg, exists between laboratory and soil tests, in-
dieating that the Sbserved delayed germination may be part-
ly or 1érge1y overcome by soil conditions. This is par-

tieuwlarly noticeable in the Panicum ecotypes studied.

An analysis of the apparent causes of delayed germination
was made by bréaking of the seed=-coats of a number of lines
of seed, belonging to several genera. This was repeated at

consecutive intervals over & period of about 9 ~ 10 months.

It was revealed that in 211 cases both seed-coat restrictions
and "embryo" unpreparedness play a role in the observed

delayed germination.

The relative importance of these factors, inm the ecourse of
the observed delayed germination, varied with the ecotype.
In certain instanees the inhibition of germination, due to
the "embryo", was of short duration, as compared with seed~
coat restrictions, whilst in other cases the "embryos" only

gradually hecame capable of germination.

In the case of the ecotype of Urochloa and the two Se-
taria ecotypes employed, the position was not clear, as
in the former no germination was seeured by the breaking
of sced-~soats, even after about 10 months, unless the
caryopses were freed, when the germination rose to 88%.
In the Setaria ecotypes, breaking of the seed-coats re-

sulted in a marked lowering of germination.

On the whoale, however, the restriotiong &€ the seed-coats
#E;;-a faetor of far longer duration than that of "embryo"
inhibition; so much so, that in certain cases (Digitaris
lines) loss of viability to the extent of approximately

20% was found to have already occurred after %% years, when

the / .
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the seed-coats were still responsible for all the delayed .

germination registered.

The phenomenon of "embryo" retrogression, whiech is most

probably only a temporary decline of germinability, cor-
responding to the falls of germination referred to under
5. above, was clearly exhibited by certain ecotypes, be=

longing to several genera.

The value of this type of analysis in the study of methods

/5
for overcoming delayed germination wes indicated.
A

An attempt was made to determine the role of the seed~coats
on the course of delayed germination, it being established
that for the ecotypes studied, no retardation of delayed
germination was discernig}e as a result of possible seed~-
coat restrictions which fact was also borne out by indirect
evidence, as pointed out. MNeither was there any positive
proof,in a rreliminary study, of a possible retarding ef-
fect of the presence of bracts on the course of delayed

germination.

N e B b e S B
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STUDIES ON CHEMICAL IETHODS
FOR
OVERCOMING DELAYED GERMINATION,

S e B s e R e S S B e Wt S Tt Do B e Ben S B o Jeut o B B B e

Preliminary studies on vapour and gases.
Diecussion of results.

Short-period gas and vapour treatments.
Discussion of results.

Solutions of organic and inorganic¢ compounds.
Discussion of results. '

Summary .

P e e s e B e e e B s o Mt Do

With ordinary agricultural sceds the problem of de~-
layed germination seldom, if ever, forms a disad¥antage in
practice and attention has mostly been directed thereto with
an object other than that of finding msans of hsstening the
bfoeess for purposes of practical application. In contrast
to thig, however, are the numerous investigations on the chemic-
al stimulation of germination which were generally undertaken
for the stimulation of germinstion for agricultural use though
not particularly for the improvement of delayed germination.

It might be mentioned here that practically all the
studies reported in this and the following chapter were under-
taken long before those on the apparent causes of delayed germ-

ination, reported in the previous chapter.

Preliminary studies on vapours and gases,

The following vapours and gases were tested out in
order to learn something sbout the response of dry seeds to
such treatment:- Hydrochloric acid, nitric acid, acetic acid,

sulphur / L.
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sulphur dioxide, nitrogen peroxide, ammonia, earbon bisulphide,
sarbon dioxide, oxygen, ether, chloroform and zeetylenes. An
execss of everyone of these substoances was used and in all ex-
cept hydroehleriec acid the atmospheree in the warisus flasks
were made humid at the commeneement of eaeh test by plasing
moist filter paper inside. |

For svery treatment exeept chloeroform and ether, nine
kinds of seed {all harvested Marech 19%6) were used and these
were placed in small ocotton muslin bags in large well-stoppered
3 litre flasks in whic? they were subjected to the influence
of the above-mentioned gases and vapours. The flasks were kept
sealed for two months when they were opened and the seeds
tested in the usual way at BOOC. The seeds of individual trsat-

ments were all kept together in one flask.

Diseussion of resulké,

In the case of chlorororm‘and ether, only two Digi-
taria ecotypes were employed and for these two treatments as
well as for hydrochloric acid, acetie acid, ammonia, nitrogen
peroxide and sulphur dioxide the results were negative, these
chemicals apparently proving harmful with a two months"treat—
ment. |

In these studies were employed :~ Digitaria ecotype
C.) (Kuruman) and a selection 24-~3% of the eeotype "Inkruip";

Panicum eoloratum ecotype C,98; Panioum sp, ecotype "Makari-

kari"; Panicum minus ecotype F.l4; P, maximum ecotype F.6;

Chloris gayana eccotype F.15 and Setaria sphacelata ecotype

H.10., The latter two were harvested in May 1936, the others
all in March, the test being conducted end of July 1936.
In the ecase of carbon dioxide, the germination ofer

the firgt ecight days' duration of the test showed over 40% sti-

muleti®n for Penieum coloratum ("Hammanskraal") C,98, 62,5%

Por /s
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for -Pamicum minus v, planifolium F.l4, and 16% for Panicum

sp. ("Makarikari") C.79, as compared with their respeective con-
trols, whereas no or dight stimulation was obtained with the
other kinds. F.l5 was discarded after a few days owing to
fungi but the tréatment appeared to have been harmféal, Carbon
bisulphide gave no or slight stimulation while nitrie aeid
vapours gave for Panicum C,79 a 337 increase and for Digita~-
ria 24~-3% a 53%% increase (over their controls) within the first
eight days of the test, whilst for the others the effect was
either harmful or valueless.

With oxygen, Panicum minus F.l4, gave a 28% inerease,

for Panicum C.79 a 41% increase and for Digitaria ("Kuruman")
C.)l a8 20% increase for the first eight days in comparison with
thelr respective controls. With the rest of the seed (lines)
only slight or no increases were registered,

Afterwards earbon dioxide and oxygen were used st
room temperature and at 45°c for keeping (storing) seeds in,
the gases being renewed after every monthly test. Seven lines,
the results for two of these appearing in table 313 , were tested
for six months. It will be observed that at 45°C both oxyzen
and carbon dioxide used alone, were harmful, particularly the
former, as the germinative powsr appeared to be soon lost, al-
though in two of the five grasses a slight inorease over the
control was registered at the first monthly test, O2 at room

temperature seemed to be about equal. to the controls. CO. at

2
- room temperature did not equal the controls and only in one case
showed a gradual increase up to the 6th monthly test., In table

13 the monthly values of two of these grasses are tabulated.

oy
T
~

TABIE 13 / .,
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TABLE 13 : THE NONTELY GERMINATION OF TWO ECOTYPES
TREATED WITH 00, AND O, AT ROOM TEMPERA~-
TURE AND 45°C, FOR SIX MONTHS .

No.of Percentage Germination:

Name of MONER  mrmmm e e i ey o e

T vest e 3222; o rﬁama§ °2a§3c
1st 4.0 0.6 5,0 2 0
Panicum 2nd g.7 5.2 8.1 12.7 0
E%%%%f%%%ﬁm§ 3rd 11,5 6.1 B ' X0 0
%T"??II““) 4th 76,2 8.8 3.5 16.3 0
5th 23.6 8.2 2.1 16.6 0
6th 26.% 11.8 0 22.2 0

1st 0 0 2.2 0 9.8
Digitaria 2nd 0 0.3 6.3 0.2 0
"Inigﬁip"i 3rd 0wt 0.8 0,9 0.7 0
27-9 ) 4th Yo 0.2 0 0.9 0
5th 1.3 1.0 0 1.0 0
6th 142 0.5 0 1.6 0

With acetylene, Panicum C.79 and Panicum minus

F.l%, gave respectively 27% and 149 increases over their con~-
trols., In the case of the other seced, the effectes were either
indifferent or harmful,

The above percentages were secured at even tempera-
tures over an elight-day periocd, Thereafter all tests were sud-
jeoted to various combinations of alternating temperatures and
it is interesting to record thekffects. Amongst those kinds
of seeds that received the CO, treatment, Panieum C.79 and
Si%%ria H.10, showed very distinct stimulation when room tem-
perature {six hours) plus 20%¢ {eighteen hours) followed the
even temperature treatment at 3000. Under the same conditions,

Panicum €,79 and Panicum minus F.lu,with the C8, treatment,

axhibited marked inereasss over the even temperature periods,
indicaeting that the lack of germinpation capacity experienced
nfter [ o
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after two menths of this treatment is not all to be interpreted
as being due %0 harmful effeets. Perhaps a great deal, if not
entirely, is to be aseribed to induced or secondary delay &r
"dormanay".

With HNO, treatment, only Digitaria 24-~3 appeared

to have exhibisted 2ome stimulatisn on substitution of alternat-
ing temperatures. The total germination of 80% is perhaps
largely the result of the ofiginal treatment. In the case of
the 02 treatment, no marked effect as a result of alternating
temperatures is ebserved. On the other hand, a favourable in-
fluence from such treatment was deteeted in certain of the kinds
subjected to acetylene gas. Again Panicum C.79 was distinet-
ly stimulated, but the germinability of Setaria H.10 eould
also be improved in this way., It is, therefore, not elear
whether the lack of germinastion was due %o loss of viability or
not., In a few of the cases bacteria and fungl developed
abundantly in the seed-beds.

Though other workers have used ammonium salts, the
use of ammonias vapour has apparently been rarely used. MeCallum
(1909), using this gas, obtained favourable results with potato
tubers. Barton {1940), employing concentrations of 1000 and
250 p.p.m, for i, 4, 15, 60 and 960 minutes of eontinuous flow
over moist and dry seceds of radish and rye obtained a toxie
effect in the case of moist seeds of both kinds whilst in the
case of dry seceds no reducstion in percentage was experienced.

052 has aften been studied. According to Lehmann and
Alehele {1931), Prillieux (1878) obtained harmful effects afier
three days treatmen$ of wheat. In connection with disinfection
studies these authors recorded the harmful effects reported by
several suthors. Addition to the esoll gave stimulation, ac=
cordingfto Koeh {1912) =~ as ¢ited by Lehmann and Alichele etec,.
Bo&ornyi(1913) obtained favourable results with {t, dissolved
‘ in J 8
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in water, and when aleohol was added (1 c.e. per litre of water).

Chloroform and ether have ofteh been employed not anly
for seeds but also for woody plants, ete., and as ether has heen
employed by many workers, a complete review would be out of
place here. Both dry and moist (frozen or socaked) seeds were
employed in past studies., Coupin (1899) and Burgerstein (1906)
~ ¢ited by Lehmann and Aiehele (19%7) - demonstrated the im-
portance of moisture content of seeds in this respect. Ether
was not only employed as a vapour but also in sequeous solution.
That the state of delayed germination is also an important con~
sideration seems clear and the results of Kiessling {1911) =
¢ited by Lehmann and Aichele (19%}) = confirm this. He appears
to have been the only worker who gave attention to this aspect.
Not only the condition of the seed, but also that under which
the test is carried out (temperature, ete.) must be important.
Howard (1915) ~ Bulletins 17 and 21 - reviewed most of the
earlier work on amesthetics (plants and seeds) and also reported
his own work on the effect of ether on 002 produetion in ocut-
tings under various conditions and on dry, soaked and frozen
seeds. Lehmann and Aichele (1931) reviewed much of the work on
Gramineae. Both favourable and unfavourable effects were
realiged .

Chloroform was studied under very similar conditions
by a number of investigators and more or less the same remarks
apply here as immediately above. Acetylene has been reported
as a rootforming substance from the Boyce Thompson Institute.

Giglioli (1895), after 16 years storage of lueerne
seed in an alcoholiec solution of 505, still found 0.15% germina-
tion. It was also found most harmful by Barton (1940) who
studied its effects on dry seceds and moist sseds at 250 and
1000 p.p.m. for periads varying from 1 min. to 16 hours. Ap=
parently only these workers have employed this gas in such

studies / ..
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studles. Work on NO. has not ecome to the writer's notioce.

2

For the marked disagreement between the two sets of
experiments with 002 and 02 the only explanation that sugggsts
itsglf is the question of moisture or humidity of the atmoew
spheres in the two series.

The above results with CO, and 02 treatments do not
appear to be very consistent and it is perhaps surprising that
‘stimulation was obtained with both gases, though not with the
same ecotypes. That thess gases play an important role in de~-
layed germination seems certain, if only under certain condi-
tions,and it appears not unlikely that with further investiga-
tion it should be possible to employ them for the overcoming of
delayed germination. That these gases, alone and in mixtures,
play and can play a very decisive role in the events asso¢ iated
with the disappearance of delayed germination, has been esta=-
blished by various workers though pre-treatment of dry seeds has
hardly ever been reported on.

Giglinli (189%), using 0, and CO, (dry) realized re-
spectively 0.68% with 1ucérne secd after 16 years and 0% with
lueerne, wheat and vetch after 17 years storage. Kiessling
(1911) found that with oats and barley, inereased O, is dele~
terious to fully after-ripened, but favoursble to non-after-
ripened seeds. Crocker (1906) amd Shull (1914), working with
Xanthium seeds, found that by inereasing O2 supply an immediste
inerease in absorption and germination resulted as was later
{19%5) found by Thornton. Atwood (1914) obtained similar re-
sults with Avena fatua. BReeker (1912) =~ cited by Shull (1914)-

studying Dimorphotheca pluviaslis found better germination in

0, than in air (especially the ray seeds). Exposure for 30

ed
hours to 0, (though not 15 hours) favour, further germination in
agmosphere. Increased 0, pressure favoured the germination of

Calendula eriocarpa seeds, whilst two Atriplex spp. were

injuriously / ..
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injuriously affegted, Kidd (1916) gonsidered that "the widely
ocouring phenemenon of delayed germination in the case of ths
moist resting seeds are related to an inhibitory partial pres-
sure of C02 in the tissues of the embrys". Warking with potate
tubers he, 1919, found an 0, and CO, eoncentration, above 5.1%
and 20% respeotively, harmful, the deleterious action of the
former increasing tn the presence of GOE. Harrington (1917)
showed that CO, (in a wide range of coneentrations) indueed
germination of non-afterripened Johnson grass seeds. Gardner

(1921) promoted the germination (in darkness) of Rumex Crispus

and carrot sceds by inereased 02 pressure, Harrington (1923),
working with eereals,obtained simflar results but non-after-

ripened seeds of Johnson's grass failed to respond to an in-

erease of 0, (Barrington and Crocker 1923). With Typhia lati-
folia seeds, Morinaga (1926) found poor germination in air but
reduction of this concentration of 02 by addition of H or N to
the extent of 40~80%, gave approximately 90% germination. A&
94% germination was secured with a 99% H mixture, When seed~-
coats were broken, the germination teok plage at O2 pressure of

1-30% of that of the atmosphere. Cynodon dactylon seeds also

germinate better with reduced 02 partial pressures (dilution 
with H or N) but the effects were not as marked. Kondo and
Okamura (1930) found hulled rice stored in CO, retained germi-
nation capacity perfectly for 4 years. Braun (1931) found that
5«8% CO, was most favourable for the hastening of the sprouting
of dormant potato tubers.,

Thornton (19%23) reported on the influence of Co, on
the 0, uptake and asidity of tubers, bulbs etc. He, 1933, fur-
ther recorded the effects of GO, and 02 and mixtures of these
en the sprouting of potato tuﬁers. In 1935,arter studying the
02 and 002 requirements and development of dormancy in the
upper and lower seeds of Xenthium he also found that the

needs / ..
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needs for germination were very different for the two types of
seed (intaect) and their nsked embryos at different temperatures.
Like Shull (1914), he drew attention to the normal proecedure in
germination with 02: "Germination of the intact seeds in 02
takes place with the growth of the cotyledons before the growth
of the radiele rather than by growth of the radicle followed by
an enlargement of the cotyledons as is the normal procedure.”
He, 1936, showed that lettuce sceds ordinarily requiring 20°-
26% to germinate (in darkness) would give good germination in
the presence of CO, even at 35%. Higher CO, concentration (in
conjunction with 02) was needed for germination at higher than
at lower temperatures. In 1939 the same author reported on the
relationship of 02 to 002 in breaking the dormanecy of potato
tubers, CO, in pressnce of 20% 0, being found very effective.
After further investigations (19%9), he claimed that to® much

O2 prevented sprouting and that freshly harvested potatoes would
sprout in 7 days if held in 5 to 10% of 05 under moist condi-
tions; in 9 days with 2% O, under dry conditions. Under na-
tural conditions this takes place because of the reduced per-
meability of the periderm to 02, subsequent to the suberization
of its tissues,

Potzoff (193%6) found that co, or 0, atmospheres did
not influence after-ripening of tobacco seeds, Zimmerman and
Hiteheock (194) obtained favourable results by treating Althea
cuttings with high concentrations of GO,. '

Though several authors have employed HC1, HNO3 and
acetio acid solutions for promotion of germination with vary-
ing suscess, exposure to vapours has not been recorded and few
have done work on their effect on delayed germination. Harring-
ton (1917) found no forcing action with HCl and acetic acid so-

lutions on Johnson's grass seeds. Gardner (1921) promoted the

germination of tobacco seeds and Rumex crispus in darkness by

means / ..
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means of HC1 solutions. Ray and Stewart (1937) subjected non-
after-ripenéd Paspalum seed to 37% HCl, obtaining slight im-
provement in germination. Barton (1939) employed it in high

concentration as a searifying agent for the ssed=coats of ger-

tain grasses.

Short-~period gas and vapour treatments.

As the abovementioned results appeared to indieate
the possibilities of this type of treatment, a number of gases
and vapours were tested out over short periods. The following
were employed : Thioacetic aeid, thioglyeollic aecid, ethyl
thiocyanate, ethyl lodide, ethylene dichloride, carbon tetra-
chloride, chloroform, carbon bisulphide, ether, formslin, ammo-
nia, glacial acetio secid, toluol, nitric acid, nitrogen per-
oxide, carbon monoxide. The seeds of seln.24-3 from the "In=~
kruip"® Digitaria ecotype, with an extended delayed germina~
tion, was used in all these tests unless otherwise stated, be-
cause it was considered that if good stimulation gould not be
secured with this, it was hardly worth while testing out seed
of other ecotypes, although it was reslized that the response
might vary with the ecotype. Germination tests were conducted
in the usual way at ea, 5000. The seced was harvested in March
1636 and practically all the tests were eonducted during that
year. In all these tests a standard type dropping bottle was
used to measure the quantity of the chemieal and no water was
used Yntess:statolds

Thioacetie acid at the rate of six drops per twe
litre flask (air) gave 6.7%, 5.3%%, 47.8% and 0% germination
after one hour, two hours, 10 hours and 24 hours respectively.
Employing only one period (eight hours) but varying concentra- -
tions, viz. 1, 2 and 4 4drops p. 2 L., the germinations were
4.6, 7.4% and 3,4% respectively. With the control at ap-

proximately / ..
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proximately 6%, the maximum stimulation was over 40%.
Thioglycollic acid with the same ecotype gave 29% ger~-

mination, using 2 drops per 2 L. flask for 1 hour; with 1 drop

the germination was 27.9% and 17.5% respectively for six and

19 hours; with 4 drops, 34%, 25.6% and 8,8%, for 2, 11 and 24

hours respectively; and with 5 drops, 30.6%, 15,1% and 10.6%

for 2, 3 and 4 hours respectively. The control tested about 1/ .
Ethyl thipyanate at a concentration of 0.75 c.c. per

2 L. flask, yielded after 6 hours with Digitaria seln. 24-3,

Panicum ecoloratum C.91 and Panicum maximum F.7, 37.2%, 5.5%

and 0% germination respsctively; after 24 hours, 29.1%, 14.6%
and 0% respectively; after 3 and 5 days no germination and
after 11 days, 7.8%, 6% and 0% respectively, the controls being
all approximately 2%. The response is somewhat unusual,

Ethyl iodide at a concentration of 4-5 drops per 2 L.
flask exhibited 19.5%, 26.6%, 32,1%, 17.9% =and 0% germina-
tion over 1 hour, % hours, 6 hours, 22% hours, 11 days, 14 days
and 21 days respectively; for a 17 hour period, 4.8%, 1%.5% and
17.6% germination were realized with 12 and 5 drops respective-
ly. Using 5 drops over periods of 3, 6, 12, 24 and 48 hours,
the percentage germination was respectively 12.4°, 14.0,, 27.8
13.,7¥ and 16.2°, Over a period of 3 hours, 10 drops gzave 13,0%
germination and with 1 drop over periods of 7% hours, 24 hours,
2 days and 5 days the percentages were 4.1, 4.7, 8,3 and 1,Qre~
spectively. The control was approximately 149 germination.

With ethylene dichloride, used at the rate of 1, 2
and 5 drops per 2 L.flask, Digitaria 24«3 germinated 2.4%,

1% and 2.6% respectively and with 10 drops over periods of
1 hour, 3 hours, 10 hours, 24 hours, 9 days and 15 days, re-
sulted in 5.4%, 2.3%, 2.4%, 4.1%, 4.6%, and 23% germinatior
respectively, the control being approximately 6%.
Employing carbon tetrachloride, at 10-11 drops per
2 T /e
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2 L. flasks gave 19.5% and 13%3.,9% respectively, the control be-
ing about 14%. Formalin, 40%, used at a concentration of 10
drops for 1 hour and 4 hours,resulted in 11.8% and 25,3% re-
spectively, while 5 drops for 4 hours yielded 23.5% and 2 drops
for periods of 4 hours , 253hours and 2 days resulted in 10.7%,
21.0% and 18.5% respectively, the control being about 14%.

Ammoniea,tested out in the concentrations of 1, 2 and
4 drops per one L. flask for 1 hour periods showed 32.4, 35.0
and 19.6% germination respectively, whereas 1 drop (per 2 L.flak)
at periods of £, 1 and 1% hours showed respectively 9.4%, 25.3%
and 9.0%, with the control at about 14%. Carbon tetrachloride
used together with ammonia gave lower values than for the se~-
papate compounds. On the other hand, glacial acetic acid tried
out with concentrations of 1, 2 and 4 drops for 1 hour periods,
yielded only 10.3%, 9.0% and 3.5% germination respectively, the
control being about 14%. Toluol gave even lower values,

Nitric acid which had previously, with two months'
treatment, given very promising results with seed of Digitarias
seln. 24-3, was again used at shorter intervals and controlled
concentrations. In subdued light 10 drops per 2 L. flask gave
after 1% hours slightly better germination in a dry atmosphere
than ir a humid atmosphere; after 3 days the moist atmosphere
still gave a germination but not the dry atmosphere; after
10 days, however, the seeds in the moist atmosphere had also
lost their germinating power. Using (in dark) 2, 5 and 10 drops
(the acid spread out in the flask) as well as 5 c.c.acid, per
2 L. flasks for three cays, best germination was obtained with
2 drops, 1 drop yielding no improvement in germination and the
other concentrations ro germination. 1In the dark set, thelz
drops for 2, 5 and 26L hours yielded 36,6%, 13.5% and 27.4% re-
spectively with contral at 11%. Using 2 drops per 2 L. flask

for 1% hours, 4 days, 10 days, 25 cays and 70 days in darkness,

AR
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the pereentage germination obtained was respectively 4.6, 33.0,

35.0, 0.0 and 0.0, with control at 9.8%, Panieum minus var.

planifolium, F.14, with coneentrations of 3 drops per 3000 ¢.c.

jJars, with and without CaCl2 germinated as follows :=-

with without with withou with without
CaCl, CaCl, CaCl, CaCl, CaCl, CaCl,

. Control
for: 2 hrs 2 hrs S hrs 5 hrs 10 hrs 0 hrs
% % % % % % %
76 .4 63.1 82.4 58.2 2.6 40.6 28.7

The importance of the humidity factor is clearly indicated, the
effect of humidity being reversed for the 10 hour period as com-
pared with the 2 and 5 hour periods. Employing the same strain
and the same concentrations for 2 hours, (a) acid alene,

(b) acid with CaCl,; (c) acid with pyrogallic aoid; (d) aciad
with pyrogallic aeid plus CaCl,, gave 42.7%, 64.6%, 3%.6% and
36.7% germination respectively, indicating the importance of

the presence of oxygen for a favourable reaetion. The action

of nitric acid fumes is no doubt a2 complex one and the substances
formed are naturally influenced by “temperature, 1llumination;
acid concentration, humidity, amount of seed, the period of
treatment and volume of air.

Nitrogen peroxide being set free by nitrie acid when
it fumes, was also tested out as it was thought that the stimu-
lative properties of nitric acid fumes might be due to this gas.
Using P. minus F.l4 and employing the reasetion excess copper
plus nitric acid, the following oonsentrations were studied for
2 hours in 3000 c.e. jars:- (a) No CaCl2 plus 3 dreps gcid;
(v) CaCl, plus do.; (¢) Mo CaCl, plus 10 drops acid; {a) CaCl,
plus do, The percentage germination was respeetively 71.8,
44,3, 85.4 and 75.8 proving the value of a humid atmosphere for
low concentrations of the treatmentlwhioh seems contrary to the
nitric acid treatment aione. That the presence or absence of

CaCl2 has little or no value with 10 drops aeid for 2 hours,

was / e w
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was also established for 5 other strains with 10 dreps aeid and
no Ca012 for 2 hours. Other strains veried in their response
from fair to nothing, For a period of 1 hour this treatment
appeared less effective. Lead nitrate, as a sourse of the gas,
wae also tried. No doubt the 2 months' treatment mentioned above
was too long to be effective.

Carbon monoxide used alone in 1;'2, 5, 20 and 50%
mixtures with air to germinate Digitaria seln, 24-3 in, re=-
sulted in only the 2% mixture giving stimulation. With 200 un~-
¢leaned seeds the germination was 8,5% and of 20 ecleaned seeds

15 germinated. The rest of the mixtures ylelded no germination.

Discussion of results.

On the whole the results are somewhat disappointing,
though it is perhaps remarkable to find that of the 18 compounds
used for the treatment of dry seeds, only four, toluol, ascetalde-—
hyde, ethylene and HCN showed no improvement in germination over
the control. Experience has; however, shown that the kind of
seed used 1s one of the most difficult to stimulate and seed of
other ecotypes would perhaps have given much higher values.

Thiocacetic aoid, ecarbon tetrachloeride and HNO (NOE) gave the

best results. ’
Thioagetic and thioglyeollic acids were reported as
effective in breaking the dormanoy of potato tubers (Miller 19%C,
Ethg) thiocyanate has not (?) been employéd by other workers.
Ethy) iodide was found effeetive for forcing of plants by Stuart
(1909) and Denny and Stanton (1926). Ethylene dichloride va-
pours gave favourable results in the foreing of early sprouting
of potato fubers and the shortening of the rest period of woody
plants at the Boyce Thompson Institute (Denny 1926a, 1926b1 ;
Denny and Stanton 1926). Carbon tetraschloride (vapours) has
apparently been rarely used. Stuart 11909) and MeCallum (1909)

used / ..
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used it for plant forecing, it being reportsd sffective by thae
latter. Miller (1928) useditt with barley and considered that
& mQore intensive germipstion was indicated. The influence of
formalin sqolutions on germination has been studied by many
workers, both favourable and unfa®ourable results being re-
corded. Hurd (1921) demonstrated the effect of injury to seed-
coats and of subsequent drying. Atweod (1922) showed the im-
portance of after-treatment, whereas Molz and Miller (1925/6)

-~ cited by Lehmann and Aichele (1931) -~ found that temperaturs
of germination was important. Zeuschner (1926} claimed that
coat thickness variarions in various wheats ware not responsible
for the different responses. The use of carbon monoxide has
apparently only been reported by Giglioli (1895) who recorded
84% germination for lucerne after 16 years' dry treatment and
from the Boyoe Thompson Institute (Zimmerman et al, 1933} where

it was found to induoce root initiation.

Solutions of organic and in-organic compgunds,

Solutions of the following compounds were used for
sesd treatment as & means of overcoming delayed germination,
the tests being conducted in 1936 and 1937: Thioglycolliec acid,
thiourea, potassium thiocyanate, semi-carbazide hydrochloride,
sodium thiosulphate, alpha naphthalene acetio aeid and beta
indolyl scetic acid. Alse, nitric acid, phosphoric acid, bora-
cile aocid, ammonium dithiocarbonate, hydrogen peroxide, suceinic
acid, sodium hydroxide, sulphuretted hydrogen, acetaldehyds,
and potassium permanganate were tested out, but so far have
shown little or no promise. The same methods of teﬁting as
ebove, were employed,

When seed of Digitaria =seln. 24-3 was steeped in
a 2% thioglyocollic acid solution for 1, 3, 10, 24 and 49 hours,

¥he [ »»
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the germination obtained was respectively 9,3%, 17.6%, 55.?%,
10.6% and 2.1%; with a 0.5% solution and 1, 3 and 6 hours,
the germinations obtained wers 5.6%, 8.0% and 5.6% respectively,
whereas with a 0.1% solution and 1, 3, 9% and 50 hours, the per:
centages were 6.9, 4.9, 9 and 8,8 respsetively. When the latter
concentration was used as a medium, the germinatien was 15.8%.
The control was approximately 6%.

Thiourea, when used as in the last-mentioned, at a
concentration of 1%, then after 1% hours Digitaria seln.24-3 ,

Panicum coloratum C.91 eand P, maximum F.7 gave respectively

6.4%, 0% and %1.4%; after 4 hours, 7, O and 30.8% respectively;
at 6 hours, 4,37, 0% and 25.8% respectively; whilst after 12
hours the values were respectively 8%, 0% and 14.0%. All three
controls were about 2%,

Potassium thiocyanate as a 17 solution and with one
hour soaking gave with lines seln.,24«3, C,91 and F,7 respective=-
1y, 11.3%, 1.2% and 27.9% ; with 2 hours, respectively 9.8%,
0% and 2?.é%; with 4 hours, 4,6%, 0% and 31.3% respectively ;
with & hours, 6.7%, 0% and 14% respectively and with 12 hours,
respectively 6,1%, 0% and 3.45%, A 2% Solution showed after
12 hours respectively the following : 21,7%, 0% and 30%; af=-
ter 18 hours, 21.7%, 0% and 26.4%; after 24 hours, 24.5%, 0%
and 15.4% ; and after 41 hours, 18.3%, 2,1% and 29.2%. As &
medium of ea, 0,09% concentration seln.24-3 gave 36.6% germi-
nation and as a medium of 0.009% the germination was 12.8% for
the same time and kind. All three the controls exhibited about
2% germination.

Semi~carbazide hydrochloride with Digitaria seln.
24-3, giving as control about 6%, yielded respectively B.l%,
6.1% and 3,5% germination in a 0.1% solution for 1, % and 9%
hours; in a 0.2% solution for 1, 3%, 10, 24 and 50 hours the
percentages were respectively 12,0, 7.4, 12.5, 14.2 and 16;5,

whereas / ..
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whereas with a 0,5% solution for 1, 5, 6 and 50 hours, 7.9%,
10.4%. 5.3% and 4.6% respectively were realized. A 5% solu-
tion gave 9.1%, 7.0%, 4.8% and 2.5% with % hour, 1 hour, 2 hours
and 19 hours %reatment respectively; whilst a 0.1% solution
used as a medium, gave 8,3% germination,

Sodium thissulphate was tried out on line seln.24=3
in several concentrations, each for 2 perieds, but with no
success.

Alpha naphthalene acetic acid and beta indolyl acetic
acid were studied in more detail, as indieated in the sable
below. With the Panicum F.l# it proved fairly beneficial

giving inocreases of over 35%, whilst the Digitaria 15=7 was
deleteriously affected.

DR o T
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TABLEJ4: THE PERCENTAGE GERMINATION OF DIGITARIA SELN§ 15-7 AND
| PANICUM ECOTYPE Fl4, WHEN TREATED WITH ALPHA NAPHTHALENE
ACETIC ACID AND BETA INDOLYL ACETIC ACID

Treatment 1hr. ihr. 2hrs. 2hrs. 6hrs. 6hrs. As a A8 a
Soaking Soaking Soaking Soaking Sosking Soaking Medium Control Medium Control
Fl4 15=7 Fl4 15=7 Fl4 15=7 Fl4 Fl4 15-7 15-7
% % % b # % #® % @ %

T e S AD co s s e G O R A D M e D Co 5 O G Am T S TP GF s S5 6 e sy me G0 o 6 A e v - s S G0 A Sy D o D CID NP SN G . s o TR S - o - oy =o e - - - - an G A G e O

Alpha naphth.acetic acid.
0.01 gm 3 100 cc. water 857.7 2e4 57.2 26 68.4 2.7 2900 ca.30 8.3 ca.l7

Beta indol. acetiec acid.
0.01 gm : 100 ecec. water 57.6 8.0 34,5 5.4 62.8 8.1 46,6 do 14.4 do

Alpha nesphth. acetic acid
0.05 gln H 100 ECs water. 37-6 208 e - 47.2 3.0 : - d° - do

- 30F »

Beta indol. acetic acid.

0.06 gm ¢ 100 cc. water. 37.1 3.3 - - 41.8 4,3 - do - do
418hrs. 18hrs. 12hrs. 12hrs.
Soaking Soaking Soaking Soaking

Alphs naphth.acetic acid.

0.005gm ¢ 100¢c. water. - - 37.2 11.7 62.6 6.3 22,.8 do 8.0 do
Alpha naphth.acetic acid. !
000()05@“ H IOQcc.Watel’. 63.4 22.3 55.4 7.8 - il 46-4 dﬁ 1604 dO
‘ :¥ ' iy
%) yn?
-t 3
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Solutions of slpha naphthalene acetie acid of 1 pt,
per 20,000; 1;100,000; 1:1,000,000; 1:)0 million and
13100 million, used as media with lines selns24-3 and 15-7
showed no trend of response in either direction and when
Panicum eeotype F.l4, was soaked in all af the latter solu-
_ tions for 12 hours, no definite trends were obtained either,
In the cése of F. 14 the econtrol gave the same pereentage
germination as the different medis but, if anything, a stight-
ly better value in the soaking trial. Digitaria 1line 24-3
also showed no definite response to this chemieal, used as
media (with quartz sand) in ths above concentrations. There
seemed to be no improvement in germination when, after soaking,
the seeds were first dried in the sun or room and thereafter

stored for 16 days or as long as 5 months.

Discussion of results.

Thioglyeolliec acid proved to be no more stimulative
in the solution form than in the vapour state. The optimum
concentration appeared to be ahout 2%¢. Thiourea, though it
stimulated one of the panicume, was apparently harmful to the
~Digiaria. This chemical has proved most useful for hastening
fhe sprouting of potatoe tubers (Denny, 1926) and for hreaking
their dormaney (Miller, 1933). Also, Deuber (1931) found it
to have a beneficial &8ffect on maple seeds, Potassium thiooya-
nate has proved to be somewhat similar to the lastamanfioned.
Though Digitaria selection 24-3 couid not be stimulated by
means of soaking, & solution thereof, used as a medium for ger-
minating seeds in, gave an increase of over 30% in germinatien.
For the sprouting of potate tubers, Denny (1926) found it ex-
¢ellent, Semi-carbazide hydrochloride has nos (?) been used
by other workers; it proved to be of no value under the conw
ditions of the above test as was the case with sodium thio-

sulphate / ..
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sulphate . The latter was, however, found exsellent for the
sprouting of potato tubers {Denny 1928, 1935).

The two growth substanees alpha naphthalene 2¢etioc
acid and beta indglyl acetie a0id have been fairly extensively
used for rootformation on suttings,for whieh they have been
found very effective, In this eonnestisn the investigations
of the workers at the Boyee Thompson Institute perhaps deserve
special mention., TFew have studied the effests on seeds. Amlong
and Naugndorf (1937) found that strong heterosuxin solutions
gave better germination of old seeds. ZLustig and Wachtel (1538)
reported that heterocauxin had no effect on the germinatien of
eress seeds., Barton (1940a), treating non-~dormant seeds with
vapours,liquids or dusts, found these of little or no value.
With dormant seeds of apple, ete., no beneficial and even some
harmful effeets were shown. The present tests have throughout
given harmful or indifferent results with the Digitaris,
whilst the Panicum, under certain conditlons, was found to be

well stimulated,

Summazyry.
1. Preliminary studies on the effects of vapours and gases oi
dry seeds were undertaken to aseertain whether this method .
would offeyr any pessibilities of evercoming delayed germi-

nation.

2. Chleroform, ekher, hydrochleric acid, acetie aseid, ammonia,
nitregen peroxide, sulphur diexide, earbon bisulphide,
acetylene, nitrie acid, oxygen and earbon dioxids were
tested out, an exeess of each substance bdbeing employed.
Nine lines of seed were subjected to treatment for 2 months.
The first 7 substances enumerated produced negative results,
whieh, in some instances, may have been due ¢to the peried

of treatment having been %05 long. /
B / we
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C0, produced as mueh as 62.5% stimulation with P. minus
P,14, whilst 2 other lines were also distinstly benefited,
ltttle or no inerease being registered with the ether seed.
02 gave distinet inereases in 3 of the lines, ths maximum

being 41% for Panicum C.79.

gﬂ; proved of little or no value under these conditioens,
whilst with acetylene an inerease of 27% over the control
wrr realized with ©Panicum C.79 , the other lines being
harmfully er indifferently affected. With HNOi , 2 kinds
showed appreciable benefit, amounting to 53% increass for

Digitaria seln.24-3%, within the first 8 days of test,

which was also the period used in the above comparisons.

02 and 002, used at room temperature and at 4S°c, for stor-
ing seeds in, were found to be of no value over a period

of 6 months, and proved to be harmful a% 4500, after about
the first month. At room temperature these gases equalled

or were below the controls.

Short-period treatments, using mainly Digitaria seln.24-3,
waere tested out with gases or vapours of thioacetie aeid,
thioglycollic scid, ethul thioecyanate, ethul isdide, ethy-
lene dichloride, carbon tetrashloride, shloroform, carbon
bisulphide, ether, formaline; ammonia, asetie aeid, toluol,
nitries acid, nitrogen peroxide, earbon monoxide, acetalde-
gyde, ethylene and hydrocganie acid gas.

Though improvement in germination was realizad with all
except % of theses chemicals, the rgsults appear to be of
little practi;al value., Thioacetic acid, CClu and_Hﬂ’O3

were the best, registering maximum increasas of 43%, 439

ané 549 rsspestively over the controls.

Solutions of thioglycollic acid, thiourea, potassium thio-
cyanate, semi-carbazide hydrochloride, sodium thiosulphate,

alphanaphthalene / ..
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alphanaphthalene acetic acid, beta indolyl acetic =sid,

acetaldehyde and others, were used for overcoming delayed

germination.

Seeds were either soaked in solutions of these chemicals or,
in some instances, the solutions were used &s medja. The
results were less favourablé than with the gases and vapours,
the best increases being realized with the two growth sub-
stances, though one of the two lines of seed employed was

unfavourably affeected.
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IV.

STUDIES ON PHYSICAL METHODS
FOR
OVERCOMING DELAYED GERMINATION.

The influence of outdoor treatments and of wvarious
temperatures, with and without controlled humidity,
including tests on the effects of heat and alternating
temperatures.

(1) Outdoor treatments, with and without humidity
control,

Methods and materisals.
Discussion of results,

(2) Incubator tests at different temperatures, with
and without controlled humidity.

Methods; even temperatures.
Discussion of results.
Alternating temperatures.
Heat.

(3) The effect of pre-treatment of fresh sced at Ger-
tain temperatures on the course of delayed germing -
tion with subsequent room storage.

Materials and methods.
Discussion of results.

(4) Summery.

The effeet of various combinations of heat, co0ld and
sunlight.

{1) Pre-heating at 65°C with subsequent room and out-
door storage.

The effect on room storage.
The effect on outdoor treatment.

(2) Pre-cooling at 300 with subsequent room and out-
door storage.

(3) The effect of the alternation of various periods
of heat and sunlight.

(4) The alternation of various periods of low tempera-
ture and sunlight,

(5) The alternation of various periods of low tempera~
ture and heat.

( 6) Suml%larj ®

Discussion of the results of temperature, humidity and
sunlight, in¢luding a brief reference to the literature5

D-/.-
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D. HNiseellaneous treatments.

(1) The use of "filters" in conjunction with suglight.
(2) Soaking; soasking and drying.
(3) Hotwater treatment and soaking and freezing.

- (4) Breaking of seed-coats.

(5) Ultra-violet and radium oxide treatment.
(6) Oxygen pressures.

-.....__—-.--——-———-_—-—-——————--————--—_————---————-——-——_—
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That sertain température conditions may be very effsc-
tive for the promotion of germination of seeds which are in a
state of delayed germination, is a well-known fact. This was al-
eo established early in these investigations in a preliminary
study in which seeds wers kept in a sealsd atmosphere at 40—4200_7
for twe months : (a), without adjustment of humidity and
(b}, by saturating the atmosphere (free water surfacg). The
seeds employed were the same 9 kinds listed on page j . Two jars
.were used and all seeds treated together, the tests—§;ing started
on the 12th of August, 1936.
Compared with their respective controls, only 4 of the
g scotypes were benefited by one or both of these treatments, a&s
revealed by their germination capmeity over the first 8 days'
duration of the test. It is interesting to note that for 2 of
these ecotypes both treatments gave about the same responses,
whilst for the other 2 the dry atmosphere was of little or no
benefit. In the case of the remaining 5 ecotypes the responses

wers negative or indifferent.

TABLE ERE
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TABLE 15: THE PERCENTAGE GERMINATION OF THE 4 ECO-
TYPES ( OUT OF THE NINE ) WHICH WERE ST
MULATED WHEN SUBJEGTED TO 40 - 42°C IN A
SEALED ATUOSPHERE, (a) WHEK THE BUMIDLTY
INSIDE WAS NOT ADJUSTED, AND (b) WHEN THE
ATMOSPHERE INSIDE WAS KEPT SATURATED. THE
DURATION OF GERMINATION TESTS WAS 8 DAYS.

TN e s e 00 S S0 S e e e b e W e e e i S e O e e T S h R e S S g ol S o -

Footypes Treatment (a) Treatm%nt (b) Control
(7] a
Panicum minus F.14 50.9 56.1 10.5
Panicum sp.C.?9 47 .5 54.% 16.8
Panicum coloratum (7?) C.98  14.7 42.3% 3.0
Digitaria seln. 24-3 4.3 S 3.5

—-——_ma—n——_—--—a.--a.—_._—......—._....--n-—————--_..—u——-—-——-—.——-.——-————_-.——.—_4-.__.._

(1) Outdoor treatments, with and without humidity control.

Methods andlaterials.

As any form of ocutdoor trsatment would be an approach
to natural methods of overcoming delayed germination and should
offer a practical means, if successful, a series of such treat-
ments were planned as follows :-

1, Seed kept spread out oa wire geuze trays placed on the bare
ground, exposed to sun, rain etd. : :

2. Seeds kept . in white muslin bags placed in a glass dish with
glass cover, in sun, permitting air circulation, not rain
water. ' ‘ '

3. Seeds kept in muslin bags in sealed glass container in sun
with 0% humidity. 204 '

4. Seeds kept in muslin bags in sealed glass container in sum
with 50% humidity.

5+ Seeds'kept in mualinﬂbags in gealed glass container in sun-
with 90% humidity.

6. Seeds kept in muslin bags plaeed in a jute bag, outside, but
not exposed to rain. '

7. Seeds kept in shade, outdoors, in muslinbags in sealed glass
container with humidity O,

B o e
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8. Seeds kept in shade, cutdoors, in muslin bags in sealed glass
oontainer, with humidity 50%.

9. Seeds kept in shade, outdoors, in muslin bags in sealed glass
container, with humidity 90%.

10. Seeds kept like No. 2, in shade.

13. Seeds kept in sun, outdoors, in sealed tin (enly opened for
testing).

14, Seeds kept in sun, outdoors, in unsealed tin permitting air
circulation. ‘

15. Seeds placed in muslin bags kept in brown paper bag cutsids.

Materfals.,

Humidity was controlled by means of sglutions of sul-
phuric acid (Wilson 1921) which was periodigally renswed, For
the O-humidity, concentrated sulphuric acid was employed, and
for all such tests 3,000 c.c. jars with ground lids were used,
the seeds being placed in white muslin bags and the acid in
beakers. Test 5 had.to be abandoned owing to condensation of
moisture on the sides of the flask.

Test 14 was also abandoned after several months owing
to rain water having found its way into the tin through the ven-
tilation holes. Through unknown agents the jars of treatment 8
and 9 were accidentally knookéd, spilling aecid over part of the
contents and some linses were unfortunately lost om this scocount
while others were replaced. The kinds of seed emplayed are
given below, and the monthly averages appear in the appendix.
The following were the ecotypes of which the seeds could not

be oleaned beforehand, (date of harvesting in brackets) :-

Digitaris ("Pretoria sandveld" ecotype) D.23 (16.2.7).
" ("Port Elizabeth" ecotype) 4.23 (12.2.7).
Y Seleation 24-3 from “Inkruip" ecotype (20.1,7).
» Seleoction 8-1 " g £ 2
" " 2?_'9 " L] " "
n 2 12-8 " "Kurumen" " (21.1.7).
" égﬁoéog?" ecotype); from Rietondale, designated MX,

Urochloa / ..
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Urochloa ecotype C.74 (25.2.7}).

Those of whioh the seeds @euld be cleaned beforehand

were as followe -

Panicum minus var. plenifolium, B.?-11 (1.2.7}.

B ({2 ratum var. glaucum, ¢C.99 (3.2.7).

P, (?) coloratum ecotype C.91 (1lth, l4t¢h and 16th Ja?.
19371 .

P, maximum ecotype designated ARM (2.2.7).

Paspalum scrobiculetum, A.290 (4th and 24th Mareh 1937).
Eghinochloa amidalis, B.14-15 (12.3.37).
Setaria gphacelata, H.10 (27.1.7).

Braghieria isschne Stapf., designated BW.(Annual weed) (27.1.7).
[

Disougsion of results.

At the outset it should be stated that certain kinds
exhibited prolonged delayed germination; viz, DRigitaris ecotype
"XM"; Digitaria selections 24-3, 27-9 and 8-1; FPanigum eco-
types C.99 and C.91; and Urgchloca ecotype C.74. They were
also very unresponsive to the environments of the various treat-
ments, with the exception of treatment 1, where this was applied,
The erratioc germination of the seed of Brachiarias isachne and
to some extent of that of Digitaria ecotyps D.23, often giving
rise to irregularities in the daily germinaticn curve, should be
recorded. The cause of this phenomenon -~ under oconditions
whioch were seemingly uniform from test to test - remains ob-
soure. These unforeseen and unavoidable difficulties, as well
as the very variable response, rendered interpretation of re-
sults somewhat more difficult, but, several lines were smployed
for each treatment, though they were not all includerd in every
treatment.

The data appear in the appendix and the results are
graphically presented in figs. 1 - 12 for individual treatments,
and figs. 13 - 21 for seed of individual lines. Not only did
thebtreatments result in different responses, but tiye behaviour
of the different kinds with the same treatment was a.leso rather

differrent / ..
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different. Where it was poszible or appeared advisable, the
treatments were conducted for 15 mgnths and this was particular-
ly useful from the viewpoint of storage considerations.

Treatment 1 (¢xposure inm the open) was undoubtedly the
most effective of all treatments for inducing quickest stimula-
tion, although, apparently, the Qiability (? or vitality) of
some strains was easily impaired, whilst others, @.g. Digitaria
gcotype 24~3, required a much longer period of trsatment to pro-
mote germinatiqon capecity. The harmful effects of such treat-
ment would appear to set in with the high summer temperaturss
before maximum stimulation has been attained and it seems not
unlikely that with reduced exposures - the period depending
upon the strain - or with exposures not during the middle of
summer, or by initiating the treatment after the proper age of
the particular seed, better results could be seocured with this
“reatment. Though this treatment may appear very severe, it
does not seem that a decline in germination signifies loss of
viability. This may, in certain eases at least, indicate an
acquired (temporary)} "dormanocy". Not only is there support for
such a view in the results of the treatment under consideration,
viz. in the case of Digitarie 24-3, Panjcum APM, and Digjita-
ria 8-1 which registered a rise after the first drap in % ger-
mination, but in thesimilar treatment No.2, in which this be-
haviour was very marked. Unfortunately the treatment {No.1l)
could c¢nly be studied for 6 months, as exposure caused unavcid-
able losses through wind, the seed sﬁpplies having been very
limited. It would seem that the effeet involved is mors that
of heat than one of light. Direct and indireect evidence appear
below.

Tests 2 and 6 (figs, 2, 4 and S) were the next best
tregtments for improving germination capacity - although de-
cline in germination of most of the well-stimulated sootypes
also set in 1'nm the middle of the summer, again beforte meximum

stimulation / ..
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stimuletion was-only slightly benefited. In the ecase of treat-
ment 2, these trends of the individual socotypes were more defi-
nite than in the case of treetment 6. In both treatments, the
Penigum B.7-11 was apparently not much affected by the high
summer temperatures «hd in the case of treatment 2 the Digita-
ria selections B-1 and 24-3, both with long after-maturation pe-
riods (and showing poor stimulation), seenzad, however, to have
clearly benefited from the more ssvere gonditionz whish hagf
been detrimentgl to the germination progress of the 3 eaafly sti-
mulated ecotypes A4.290 (Paspalum), H.10 (Setaris) =and AMM
(Paniecum) which, epparently completely {or practically so),
losf their viability (at a very striking rate) as a result of
these unfavourable cgnditions. The extent and rate ¢f loss of
viability were less for the same kinds of sesd with treatment 6. -
Those ecotypes (treatment 2) which surviwed the sum-..
mer conditions, appeesred thereafter to have gradualiy declined
in viability under the autumn and winter gonditions following.
This either did not happen in the case of treatment 6 or was not
so obvious. In any case, the summer conditions in this latter
treatment were not so harmful as in treatment 2, as mey perhaps
be expected, although dccline set in esbout a month earlier.

With treatment 2, Paspalum scrobiculatum A.290 showed a very

rapid and narked stimulation, after the Sth month (giving epprox
90% germination)’follewed by an equally rapid and proncunced
fall. On the whole, treatment & has given the highest and

best inoreases in stimulation of the two.

A comparison can now be made of treatments 3 (fig.3)
and 4 (fig.4) -~ the O-humidity-lots and 50% humidity- lots re-
speectively -, in Whiﬁh the seeds were exposed to direct sun-
light in muslin bags. Interesting differences are observed.
For the 8 ecotypes studied, abserce of humidity had, when com-
parea with room storage, no stimulation value with Digitaria

12-8 / ..
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12-8, was of doubtful value to 'Digitaria 8-1, was harmful to
Panioum B.7-11 and Setaria H,10, but favourable to Digitaria
A.25. It is interesting to note that Digitaria A,23 which
has fairly quick after-maturation, should be favourably influen-
ced by a dry atmosphere, in direet sunlight, though not so fa-
#ourably by a dry atmosphere in ghade (test 7)., Moreover,
Setarie H.10 and Digitaria 8~1 showed very similar response,
_&iving sligﬁt increases after 10 to 11 months. Digiterie 24-3
and P. scrobiculatum A.290 (not plotted) were under 4% during

el

the 15 months. With 50% humidity, Digitaris 12-8, Setaria H.10
and Digitaria A.23 were well stimulated in the first 4 months,
thereafter the former two showed a decline. However, the treat-
ment appeared to have had a harmful effect on Paniecum B.?7-11,
ahilst digitarias XM and®Ll were not clearly affected; Pani-
cum APM apparently lost viability after 6 months, as happened
to Paspalum A4.290 which rose to 55% at 5 months. Digitaria
24-3 behaved ag in test 3.

It would seem that outdoors, absence of humidity add
very reduced aeration kept the germination very low, though it
is not certain whether this signified preservation of viability.
Under the conditions of the tests, it would further appear that
& 90% humidity would have been very harmful (in the open}, par-
ticularly when the results of test 9 are also oconsidered.

The O0%-, 50%- and 90%-humidity treatments in shade
outdcors (Nos.?, 8 and 9) were as unsatisfactory as:Nos.B and 4,
the 90% showing distincily harmful effects after a f'ew months,
apparently resulting in loss of viability. No.8 did not re-
veal the same harmful influence with prolonged treatment, as
its counterpart, Ko.4, in direct sun, and it would appear that
this humidity (under reasonable temperatures) might have
storage value,

Treatment 10 (fig.9) has not resulted in any speota-
cular behaviour ¢of any of the lines, in the course af 15 months

Of/ e
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of such treatment. In some cases, although in the shade, a de-
oline set in after February, after 9 months of treatment, though
an improvement appeared to follow again after May, after 12 montk.
On the whole, this treatment was of doubtful value though Digi-
tarie A.23 clearly showed stimulation.

In the case of treatment 13 (inside 8 gealed tin in
the open), the results (fig.10) were about the same as in the
previous, though the response was less favourable, partioularly
“in the case of Panicum B.?7-11. The Digiteris D.23 curve
showed rather pronounced depressions and rises. Treatment 14
(fig.11l), conducted for 5 months, appeared to have had a bens -
ficial effect on all the seed used in the test.

A comparison of tests 13 and 14 (fig.ll) should pro-
vide information on the question of aeration in after-maturation
end particularly so in nature. It would appear that with the -
Nigitaria ecotypes A,2%3 and D.23 and seln.l2-8, and the Pani-
cum B,7-11, seration is distinctly more favourzble than non-
aeration, though in the two kinds Setaria H.10 and Panicum APM,
there is no clear difference in the results of the early months
of treatment. It is not possible to differentiate tetween the
relative roles of aeration and humidity in those trecatments
where both are involved, but to judge from the results of treat-
ments 13 and 14, aeration would seem to be important.

Test 15 (fig.1l2), that of keeping seed in muslin bags
placed iﬁ?brown papey—bag in the sunm, has proved to be about
equal to No.6, in comparison with which it was found that 12-8
showed a rapid decline after the fourth month, whersas with No.6
this did not occur even after 5 months, by whioh time the seed
in the test had been used up. The same happenod to Digitaria
ecctypes .23 and XM (in test 15), after a lapse of 7 months.

In test 6, the former also lost viadbility markedly after the
same period, though rising again later on. Unfortunately the
seed was used up after 9 months,but there would probably have

been / e
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becn a rise again as the fall vas rot so low as in test 6. Digi-
3aria ecotype XM was not included in this latter test., In

test 15, .Panicum B.7-11 and Digitaria 8-1 ghowed a rapid
fall after'the 11th month, with rapid rices the following month.
In test 6, this decline was gradual, carlier, and somewhat pro-
longed, For Setaria H.10 there was no dealine in test 15, as
was cbtained in No.6.

The differences in response ¢f the same kind of seed to
different treatments are very interesting and are well brought
out in the graphs.

The seed of "Inkruip" 8-1 (Digitaris ep.) was subjected
to about 6 treatments and appeared to be hayd to stimulate,
though sunlight treatment had a very favourable influence, giv-
ing 50% within 3 months, with a 20% drop after a further two
months, and another rise in the following month, when it was
discontinued through lack of seed. Except for treatment 3,

unt -
whioh showed the poorest germination of all treatments,fﬁﬁ%untx

ting to no stimulation, the other four treatments (2, 4, 6
and 15? resulted in very irregular curves of germination.

The seed of Setaria gphacelata H.10 preceived 11 out-

door treatments, showing interesting responses. The irregulari-
ties observed in the previous ecotype,were not noticeable here,
the curves being much smoother. With everrone of thesec treatm
mentg, except 3 and 9, atimulation (as ¢ompared ~ith room stor-
age) was registered during at least the first four months and
these seeds can be said to be fairly easily stimulated. On the
whole, a decline in the rate of after-maturation was olearly
evident at about the third month, and again at aboud the 8th to
9th month, after which the curvef flattened out or dropped some-
what, though at this latter stage, test 6 responded in the Op~
posite direction.

The selection 12-8 from "Kuruman" (Digitaria sp.) was
subjeoted to about 11 outdoor treatments for only 6 months,

when / v«
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when the seed was used up. All of these showed stimulation ove:
the firat 3 months' period as compared with raom "storage", sun-
light treatment giving excellent results after 2-3 months (about
60% increese over rogm sterage).

Selection B?-11, ZPanioum minus war.(?) planifoljium
Stapf., received 9 outdoor treatments, 5 qof which -2, 6, 10, 14
and 1S - showed distinct stimulation as compared with the roaom-
stored seed, for the full period of 15 months. Treatments 3,
4, 7 and 13 showed little effect ¢on after-maturation. On the
whole, the curves showed a smooth course of after-maturatisn
with pracgtically all treatments. Sharp falls and rises were
experienced with certain treatments after about 12 months.

Panicum maximum Jacq. APM received 8 qutdoor trTeat-
ments and, exc¢ept in No.l0, after-maturation procesded smoothly.
As in the last-mentioned kind, no.7 indicated ng stimulation,
The very interesting response exhiMted with No.6 is perheaps
an indiocation ngt to regard an almost identical decline as a
sure sign of to%al loss of viability. COCne is forced to oonsider
the possibility of induced "dormancy" in such behaviour.

"Prstoria Sandveld" D.23 (Digitaria sp.), though re-
celving 8 outdoor treatments, (the longest lasting 11 months),
were well stimulated Ly all, in comparison with room "storage",
with the possible exoeption of treatment 13 during the first
three months. The sunlight treatment showed 2 peasks (an ex-
ception %o other similar treatments), the first exhibiting about
50% in excess of room "storage" and the last peak reaching up
to 95% germination after 6 months. The deep trough 1in the
progress of after-maturation between the 2nd and 7th months of
room storage is difficult to agecount for. About the 7th to
8%h month, deelins in germinétion oooug;d with most treatments,
though in thres out ¢f five treatments - 6, 13 and 16 - =rapid
increases were registered immediately afterwards, No.2 showing

an unavated fall,
Thef..
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The "Port Elizabeth" A.23 ecotype (Dizitaria sp.) is
an exceptional ecotype, being not only easily stimulated, but
is one of the few of the studied seeds with rsasonably gquick
after-maturation. Subjected to 4 and 5 months of treatment,
good stimulaticn was obtained with all but two treatments (7 and
13}, as ocompared with room storage, The behaviour with treat -
ment 9 (90% humidity in shade outdoors) was exceptional, as the
curve in this instance cuts acrcss 6 of the curves between the
second and third months, although the progress was much slower
during the first itwo months, Unfortunately the seed was used
up after the third month. Decline set in after the 3rd or 4th
months for all those treatments for which seed was still avail-
able.

Paspalum scrobiculatum A.290, a poor germinator, was

subjeocted to 10 outdoor treatments. With the two O-humidity '
treatments and the 50%-humidity in shade, no stimulation was ex-
hibited, whereas the 50% humidity in sun gave fairly good and
quick stimulation bu?t equally quiock loss of viability subsequeni-
ly. Treetmenss 1, 2, 6 and 10 gave the game amount of stimula-
tion, but the periods were very different.

In the case of Digitaria 24-3, subjected to all out-
door treatments, the results were very disappointing. Digitaria
eootype XM was np better. It Is interesting to recall the be-
haviour of Digitaris 24-3 during the previous season, when,
with outdeor exposure in a petridish, it showed 59% increase in
germination after 6 months, as compared with 22% in the above
tests. Morecver, in the former it further rose %o 85% at the
end of 9 months, but fell to 32% by the end of 12 months.

It would almost appear that the seed pesesses some
sort of a protesctive system ﬁhich, presumably., ensures survival
in nature. At other occasions, seed was alsc subjected to out-

door treatment. Thus, in fig. 1, germination ourves of Setaria

B-3"5 /J of 4
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B.3-3, harvested the 28th February, 1936, and placed in the sun
on the 26tk July, 1938, as well as that of Panigum ap,("Makari-
kari"), harvested Januery, 1938, and put in sun on the 2nd June,
1938, are given. The latter showed about 70% stimulation in
less than 5 months. Papnicum celoratum C.98 {(of 27/1/37) of
which the previous season's seed gave only 12% germination after
one year, could be ingreased from 12% to 90% in less than 2
months.

At this stage it 1s p.r-haps necessary te oonsider
whether concentrated H:soa, used for the D-humidity lots, is
harmful or not. In other words, whether the responses re-
gistered under this treatment are wholly or partly due to the
absenoce of humidity or to the &fects of the HéSOQ. In the above
results 1t is ngt possible to differcntiate between effect of
lack of humidity and that of Hésoq. In the case of Digjtaris
A.23 both O-humidity treatments were, howeveyr, better thal the
TOoOMm storage,.whereas in practically all other oases compste loss
of viability was not suffered with these treatments. In this
oonneetion, the following comparison, obiained between caloium
ohloride and HQSOR, is interesfing P
TABLE 16 : THE COURSE OF GEAMINATION OF Digjtaria

ECOTYPE A.96 »of 3/2/41 WHEN PLACED OVER
CONC. H,50, AND CaCl, RESPECTIVELY ON 10/8/41.

% % % “ig
B CaCla 59.2 47,4 20.5 44 .3
Contral S7.3 55.1 42.5 64.3

The results show thét the CaCl2 treatment, though not
as unfavouvrabdble as the H2504, was also harmful.

Naka jima (1925), working with rige warieties, found
storage over H’E_,SO4 harmful, as compared with Cacla. On the

other / ..
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othey hand, Piockholz (1911) =~ cited by Lehmann and Aichels
(1931) - shortened the affer-maturation of Poa pratensis by

the use of H’ESOqe A few other workers have also reported re-
sults bearing on this metter.

It would appear that few authors have given attention
to the effeot of outdoor conditions, or sunlight, on the germi-
nation of seeds, Leurent (1902), using cereal, clover and other
seeds which were apparently not in & condition of delayed ger-
mination, insolated these in test-tubes eclosed with cotton wool
{in which the temperature did not exceed 43.500). He obtained
only detrimental effeots, the tests lasting about a month. He
mentions Temmes (1900) who had made similar tests (with rice),
with negative rgsults, and Jodin (1902) who regarded the hea*

er

aotion of more importance than the light action. Reiling (1912)
- cited by Lehmann and Aichele (1931) - reported quick/Zermina—

tion from Alopsourus pratensis and Holcus lanatus seed kept

in sunlight then from that stored at room temperatures.

On the whole,the above results indicate the possibili-
ties of certain outdoor treatments, but the differences in re-
sponse obtalned with the various kinds of seed neoessitate fur-
ther experimentation with particular attention to period of
treatment, to the question of moisture-content of seed, ete
In relation to the condition of seed-goats and embryo at vericus
stages of the treatment, ete. Certain harmful influences are
revealed. Nevertheless, the indications are that certain kinds
of seed oan perhaps not be stimulated by such mathods. With
the availability of larger supplies of seed of the more pro-
mising or useful grasses, further investigations can undoubtedly

be oonducted with advantage, along the above lines.

{21
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(2) Ineubator tests at diffevent temperatures, with and
without controlled humidity.

Methods; even temperaturss.

Fmploying the same kinds of seeds as in the last-
mentioned series of outdoor treatments, a number of tests wers
underteken to study the effect of various combinations of tem-
peratures and humidities on the progress of delayed germination.
Humidity was controlled as in the previous studies.

These tests, commenced on the same date as the outdoor
series, wsre pianned as follows i~
16. Seeds kept in muslin bags placed in a paper bag indoors.

In.a domeg§§;¥;§friga;gtor :

17. Seeds kept in sealed glass container at humidity O.

18. 1" 1] " " (4] 1" " 1] 50% g
19 ’ " 1 n fr 1" " " " 9 0% .
20. i W A " o 1 with uncontrolled humi-

dity (sealed after every monthly germination).
21. Seeds kept in an open glass container {refrigerator atmosphee
In an incubator at oa._gsoc :

22. Like 17 - humidity O.

23, VUSRS 3 50%.
24, 1] 19 hF 1" 90% .
25, " 20 with unoontrolled humidity {gsealed after every

monthly garmination)
26, Like 21 at incubator atmosphere.
In an incubator at oa. 35°¢ :

27, Like 22 ~ humidity O.

28. " o223 - 2 50%.
29, " 24 - i 90%.
30, " 25 with uncontrolled humidity (sealed after every

monthly germination).
21, Like 26 at incubator stmosphere.
Ine i sl
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In an incubator at Qé,tsoc :
32. Like 22 -~ humidity O.
28 ™. 23~ 3 50%.
36, " 24 - » 0%,

35. " 25 with uncontrolled humidity (sealsd after every
monthly germinetion).

6. Like 26 at free air eireulation (inecubator atmosphers).

46, At "atmospherio” humidity; 6 hours at 25°C and 18 hours st
45°C (in ineubators).

47. At "atmospherio" humidity; 18 hours at 25°C and 6 hours at
- 45°C {in incubators).

Test 29 had to be abandoned owing to moisture aon-
densation and tests 25 and 35 were omitted because of lack of
gpace in the incubatora. As it took many months to obtain a
low temperature ingubator from pverseas, 1% was too late to in-
clude the 5 series also at 1500., and tests with alternating

temperatures of 150 and 4500. as was alsc planned.

iscussjion of results.

Graphs ghowing the results for individual treatments
are presented in figs. 22 - 34, the data being tabulated in the
appendix.

In domestie refrigerator =~

The treatments 17-21 proved of little value for eovercoming de-
layed germination and were discontinued after 7 months. In all
these treatments, Panicum B.7-1ll appeared to have suffered as
aompared with room storage, but the. Digitvaria ecotype XM and
solns.8-1 and 12-8 were rather indifferent %o these environments.
On the other hand, Digitaria ecotypes A.23 and D.23 responded
rather differently, although they were not appreciably bene-
fited by any treatment. With the O-humidity, Digitaria A.23
showed a marked fall after the third month, Although, apparent-
ly, littls stimulation benefit might be expegted with suoch low

temperatures / ..
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temperatures, it is not unlikely that sueh a2 condition might
prove very useful for the preservation of vitality. No clear
evidence in favour of humidity control was shown at this tempe-
rature over 7 months of treatment, the individual response being
very variable. It would have beer interesting to have studied
the progress of after-maturation after discontinuation.of this:
series, but ﬁnfortunately no time was available. To some extent,

however, this was done in another series to he reported on else-

where.
at 25% -
In this series - 22-26 - the results are more interesting.

With the O-humidity treatment, the seed of the better-germinating
Digitaria ecotypes A.23 and D,23 showed a fairly rapid deecline
in germination after the first to the second monthm, the former
registering under 10% after S months, which was in direct con-
trast to the similar outdoor treatment, so far as A,23 was con-
cerned. FPanicum B,7-11 was deleteriously affected only aftsr
the 6th month, after whioh time a very steady germination per-
centage was retained throughout the period of test (15 months).
The poor-germinating seed of seln.l2-8 (Digitaria sp.) was ap-
parently not affected by complete lack of humidity.

The 50% humidity appeared not to have affected the two
poor germinators, digitarias XM and 8-1, whilst Digitaria seln.
12-8 was perhaps slightly benefited. On the other hand, Digita-
ria ecotype A.23§§; slightly improved, though a rapid decline
was observed after the fifth month. The Panicum line B,7-11
was somewhat harmfully affected under these conditions. The
germinability of seed of Digitaria ecotype D.23 remained more
or less the same over the first 9 months, whereafter it de-~
clined somewhat. The 90%-hmmidity (No.24) induced stimulation
of the seed of digitarias D.23, 12-8 and 8-1 over the first
three months, that of Panicum B.7-11 and Digitaria 27-9 ap-

pearing / ..
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pearing to be indifferent during this period. With the exception
of the latter; 21l kinds showed extremely rapid decline after the
third month, they hdving lost their germination capacity by the
end of the fourth to fifth month. With uncontrolled humidity
and free seration (No.26), improvement in germination was clear-
ly evident in the better-germinating kinds Digitaria egotypses
A.23 and D.2% end in Panicum B.7-11, over at least the firsst
9 months period for the latter two (3 months in the case of A,23)
as compared with room storage. On the other hand, all the four
poor-germinating kinds concerned in this test did not differ
from their respective values under room-storage conditions. This
was to be expected because a temperature of 25°C is about that
of room temperatures in summer.

At 35°C -
The effects of the O-humidity treatment (Ne.27) here, was very
similar to those at 250; if anything, it appeared to be slight-
1y more harmful. On the other hand, the 50% humidity (No.28)
seemed to be slightly more favourahle than in the previous se-
ries, the curves showing the same trends in both tests. Though
treatment 29 (90% humidity) was discontinued, it is not diffi-
pult to foretell what its effeet would have been, considering
what the results were with this humidity at 250 and 450, the
latter proving to be so harmful that no germination was re-
gistersed for any line of seed. In the unoontrolled humidity
but sealed atmosphere (test 30), one of the detter-germinating
ecotypes, Digitaria D.23, showed.a better germination capa-
oity than its counterpart at room temperature during approxi-
mately the first 10 months, but was not much different to that
at 50% humidity. On the other hand, Echinochlog B.14-15 sced

was better than at 50% humidity, whilst seed of Panicum B.7-11
and digitarias XM and 8-1 were not different to their respective
values with room storage. B.14-15 germinated betteyr that at

50 % humidity / ..
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50% humidity, but the Digitaria seln,27-9 differed little from
that at 50% humidity. However, with uncontrolled humidity end
free aeration (test 31), the position was somewhat different.
Behinochloa B,14-15, remaining on the 90% germination level
for most of the time, germinated considerably better than in
test 28 (50% humidity) or even test 30. On the other hand,
Digiteria A.23 seed responded better than with room storage
but the response was not appreciably different to tests 28 and
%0. Also, Panicum B,7-11 and digitarias D.23 and 12«8 were
a good deal better than at room storage, whiist Digitaria XM
seed gave, 1f anything, only a slightly better germination than
with Toom storage.

At 45°%C -
At this temperature, the O-humidity (test 32) produced, if any-
thing, a poorer response than its counterpart at 3500 and, ex-
cept for the poor-germinating Djigitaria XM seed, they were
all inferior to room storage. The 50% humidity was, however,
more interesting. At this tempsrature, in contrast to those
in the two previous series, this humidity was quite harmful
after two months duration, though stimulation was initially re-
corded during this period, at 1least in the case of the Digita-
ria A.23 and D.2% seed. After 4-5 montharhardly any germina-
tion was registered, As mentioned above, the 90% humidity was
so harmful that even after one month no germination was obtainei.
On the other hand, when the humidity and aeration were not con-
trolled (test 36), the best stimulation so far was realized,
though for some reason or other the curves of 3 out of the 4

kinds (Digiteria A.23%, Digitaria D.23 and Echinochloa B,14-15)

exhibited troughs at about the fourth to fifth months, while
only Panicum B,7~11 showed such a depression at the thirteenth
month. Though of 1little practical significance, the seed of
the poor-germinating digitarias ZM and 27-9 also exhibited fair

stimulation.
Alternating / ..
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A presentation of graphs grouped together for indivi-
dual kinds appears in figs. 35-42.

Alternating temperatures -~

By subjecting seeds to alternating temperatures af 2500 and 4500
(tests 46 and 47), there was found to be little difference betwem
keeping seed at the higher temperature for longer hours than for
shorter hours; so far as the poor-germinating seeds of digita-
rias XM amnd 24-3 sre concerned. In the case of the better-ger-

minating seeds of ZXchinochloa B.14-15 and Setarie H.10, there

was little difference between the two tests, beyord the fact

that with the 1less drastic treatment (No.47) the curve for the
B.1Z~-15 seed was far more irregular. However; more favourable
response was registered with the seed of digitarias D.23 and 12-8
with treatment 47. In both tests Digitarie 24-3 showed & sharp
rise after the‘l4ﬁh month,

In comparison with room storage, all of the seeds user
except the poor-germinating kinds, evinced marked stimulation,
but, compared with the results at constant temperature of 4500
(test 36), the latter displayed, if anything, more favourable
response. The graphs appear in figs. 43 and 44.

In another test with alternating tempsratures of (a)

6 hours at ca.65°C pius 18 hours at 0a°28°C; (b) 2 hours at

6500 plus 22 hours at ca,2806, in whieh Panicum minus, F.14%,

was used, there was little difference in total stimulation be-
tween treatmonts (a), (b) and even temperature at 65°C, the
percentage germinstion rising from 45% to ca. 90% within 2 days
in all cases. However, in the case of treatment (b) the curve
showed a rapid and merked fall between the tenth and twentieth
day, rising again tc the oriélnel height within the next 16 days
{vlde Tig,.47).

Heat -
In addition to the abovs studies on the value of even and al-

ternating / ..
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ternating temperature, further studies were conducted on the
effect of high temperatures on delayed germinstion., In these
a temperature of ca. G5°C was employed for 2 period of about
2 months and several kinds of seed were under observation,
the first test being started on 5/5/3%8 and the other a month
later.r The graphs for these appear in fig.46. In these

studies, the kinds of seed used were :-

Setaria sp. B.3-1 (of 28/2/38)
do. B.3-3 {of 28/2/38)
Panicum sp."Maskarikari" (of Jan.1937)

Digitaria sp. Seln.24=3 (of 3/3/36)
do. do. (of 19/3/3%6) .

In all these seeds, viability was lost after abdut 66 days in
spite of the fact that they were of different ages. The
"mekarikari" Panicum is stimulated least, the stimulation
being a good deal higher in the second test when the seeds
were a month older., The gemination of the setarias and the
digitarias were well promoted by this traafment, the former
showing their maxima in 20 and 28 days respectively, the
highest stimulation being about 45%, but in the case of the
selection B.3-1 & second peak is exhibited about 25 days
afterwards. The Digitaris 24-3 seed showed a very similar
response for the 2 lots harvested at the two different dates.
The maximum stimulation in this case was about 55%, realized
after sbout 42 days' treatment.

(3) The effect of pre-treatment of fresh seeds at certain

temperatures on the course of delayed germination with
subseguent room storage.

Materia d method

In order to study the effect of different tempera-
tures on the course of delayed germination of newly harvested
seod; several kinds of seed were used, some of which were sub-
jected to temperatures of 28, 40 and 50°C for diverse periods

directly / ..
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directly after being harvested, whilst others were kept at
20°C for 10-29 days and only thereafter subjected for diverse
periods to the same temperatures of 28°, 40° and 50°C re-
spectively. The following seed, kept in open paper bags
throughout the experiment, were studied :-

a) Chloris gaysna ex Prinshof, harvested 3/2/41.

b) do. No.l, ex Rietondale, do.

¢) Digitsria sp. A4.720, "Zanghun Pan", hsrvested 11/2/41,
d) do. "N'Gami Lake", " do.

e) Setaria sp. A.287 " 25/1/41.
f) Paniocum sp. "Mekarikari®; seln.1l/12 " 3/1/41.
g) Pagpalum gorbbiculatum A.386 . 27/2/41.
h) Paspslum potsatum (not indigenous) 4,401 " 14/3/ 41,

Germination tests were made at 02.28°C at the
completion of every pre-treatment and thereafter 6~ to 8-weekly
tests were conducted. The results of this experiment are col-
lated in table 17 below.

TABLE X7 S
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TR EFFROT OF PRETREATMENT OF DIFFERENT LINES OF TRESH SEiD AT 280 #0; AND 40
RELPECTIVELY, ON THE COURSH OF DELAYED GERUIVATION, DURING SUBSEQUENT ROOM
STORAGE, AS REFLECTLD BY CONSECUTIVE GERNIFATION TESTS. ( CONTROL, PLRCUNTAGES
ARE GIVLI I~ BRACKETS.)

Particulars of seed First Test fecond Test Third Test Fourth Test Fif th Test
and treatment. 7 % 7 % 7

Rhodes Grass of 3/2/41
{Ex Prinshof).

Direckly for 38 days
at 288Cy(1) ¥ 3.0%(5.3) 7.7%(10.1) 12.,5%(26.0) 15.2°(38.8) 30.7%(62.6)
n 40%c (2) - (a0 ) 12.9 { do ) 21.8 ( do ) 45,4 ( do ) 28.7 ( do )
n 50°C (3) 2.0 (do ) 23.3 .(do ) 54.9 ( do ) 59.8 ( do ) 55.7 ( do )
First 10 days at 20°C
thereafter for 38 days
at egac (ia) v 5.1%(do) 8.4%(ao) 23.2%(do) 25,2%(do) 26.2% (do)
n 40°0(16) 3 .6.(do) 14 .6(do) 17.7(do) 21.5 (do) 38.1 (do)
n 50°C(17) 3.0 (do) 19.1(do) 26.6{do) 29,6(do) 54 .1{do)
Hrst %O da¥s a$620°c
ther G for days
ot 280G Gy f 6.4°(7 ) 39.0%( do) 14 .67 (do) 22.4°(do) 21,78 (do)
n 40°0 (32) 10.0 {do) 65.6 (do) 25.6 (do) 35.5 (do) 43.0 (do)
" 50°C (33 ) 12.5 (do) 79.7 (do) 47.9 (do) 37.0 (do) 41.1 (do)
Rhodes Grass No.l of 3.2.41.
18 days at 20 C tgereafter = a b £
for 30 days at 28 _C(12) 36,3°(12.1) 35.12(65.3) 63.42{40.2) 72.7°(83.8) 81.6" (76.2)
o 40°C(10) 17.2 ( do ) 59.9 ( do ) 60.3 ( do ) 29.7 { do ) 83,9 ( do )
n 50% (11) 15.4 {do ) 68.6 ( do ) 81.2 { do ) 89.0 (do ) 91.2 { do )
18 days at 20°C thereafter
for 6 days c
ot 2880 (ZO) %8.2%(do) 49 .2™( do) 64.9 (do) 62.3%(do) 85.9% (do
n 40%C (41) 35.9 (do)  73.6 (do) 78.1 (do) 77.3 (do) 84.3 (do)
r 50°C {42) 60.5 (do ) 73.2 (do) 89.4 (do) 86.6 {do) 87.4 {do)

Dig.Zanghun Pan & 720
of 11.2.41.
Directly for 50 days

- 88T -
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F'T'ﬂ:c_uiara of seeﬂ and ﬁra{; Test ﬁ?cgnﬂaat = meai
-- % %
e o™ 0,8° - e 8.0%
40 c (35) Q = 1-2 1.7 - 606 b q'q'o?
50 c {36) 0 . 1.? 4.2 i 120 . 4209
10 days at 20 % thereafter
3 60 days at P
8,C {43) 0 0.1 - 0.0° - 10.0
‘&0 C 1 6.9 = 531.1 - 63.0
50°C (45) 2 9.7 = 41.3 - 67.1
Penicum sp.: Makarikari
11/12 of 5.1.41.
10 days at 20°%C thereafter
foa' 60 days at " = £
8.C (37 0 ) 03 {0.3) 0«1 i-) 0.08( =) 0.47(0.75)
40 oC (38 1 ) 1.5 ( do) 2.3 (") 3.8 () 4.8 ( do ) .
50°¢C 39) < ) 55 do) 5¢2 (") 10.0 (") 0.5 ( do ) 4o
= O
X - date of germination test 13/3/41
e - . gﬂ//?/h»l and 25/3/41
Y = L LS
n-" " n 21/4/41 and 24/4/41
® - " " " 12/5/41
g -~ = " " 24/5/41
me- " " " 4/6/41
g - W " " ?3/7/41
b - " " " 16/9/41
¢ - " " "« " 11/8/41
B - " 1 n 29/9/41
f - ® " " 1/12/41
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Discuseion of ults.

In the case of the two lines of Chlorig gayena
& marked difference in the delayed germination was noticeable,
the one registering over double the percentage germination of
thaet of the other. The gquickest and highest stimulation was
obteined with the poor-germinating line (ex Prinshof) whiech
showed 80% gemmination at the second test (76 days at 50°C)
being an incerease of aslmost 70% over the control. However,
it exhibited a decline immediately afterwards, as was also
the case with the 40° treatment. Only a slight decline was
registered by the other line (No.l) and then only after the
third test. Also, in the former kind (ex Prinshof) it was
observed that little, if any, benefit was to be d@rived from
pre-treatment at 20°C, In faet, at the third and fourth tests
the # germination with 50°C (test 3) was about double that in
the corresponding test 17, not subjected to 20° pre~-treatment.
loreover, it would even seem that for the same rhodesgrass
seed temperstures of 28°%¢ after harvesting wes, if anything,
harmful as compared with the higher temperatures and with
the control. With the better-gemineting line the 28° tempera-
ture was also somewhat harmful., At about the fourth test, the
majority of the treatments were about equal to/or below their
controls. For the poor-germinating rhodesgrass (ex Prinshof)
a two months period was a much more favoursble period of heat
treatment than one month (particularly st the temperatures
of 50° or 400), but viability was apparently easily impaired.
In the other kind there was not much to be gained by prolonging
the treatment.

The trestments were of no value, up to this stage,

to the seeds of the two digitarias, the P.gorobiculatum and
the Panicum but the P, notatum seed is showing the favourable

effects of the 40° and 50°C clearly at the third test, but then
only / ..
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only with the 2 months' period of treatment. In the case of

the two digitarias there was no evidence of the value of pre-

teatment at 20° up to the fifth test.

The Setaris showed a fair stimulation throughout the

tests, but there wes little in favour of the 50° end apperently

little to choose between a 19~-days and a 29-day pre-treatment
at 20%¢,

(4) Summery.

1.

2

3.

4.

A preliminary test with a 2 months' heat treatment of 40-42°C
indicated that the delayed gemmination of grass seed may be
overcome t0 & very appreciable extent by such treatment,

even when seration and humidity were controlled. Of 9 eco-

types used, 4 were stimulated by such treatment.

The results of a number of outdoor treatments, with and
without controlled humidity, showed thet non-afterripened
seeds are very easily affected by the conditions of their
environment, snd under eqrtaln econditions delayed germina-
tion may be owercome to & large extent, though certain lines

were hardly benefited at all.

The most effective stimulation outdoors was obtained with
direct exposure (insolation) of seed spread out on wire

gauze trays placed on the bare ground. The response varied
with the line of seed, but the age of seed was found to be

an important factor. Decline in germinability was, however,
always obtained before complete stimulation could be realized,
though such decline does not seem to signify loss of viabi-
lity.

Incomplete exposure to sunlight, by subjecting seeds to sun-
light in white muslin bags, as well as by placing seeds
(contained in muslin bags) inside a jute bag, also resul ted
in almost as good stimulation as with insolation.

$: /1 s
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The control of humidity at O and 50% (using Hé$64). with
ineamplete exposure to sunlight (in white muslin bags, in-
side glass jars) and at O-, 50- and 90%-humidity in shade
outdoors, proved to be of very doubtful value, showing
hermful results, particularly with the 90% humidity.

heration, in conjunction with outdoor exposure in tins, vas
distinetly beneficial to the majority of seed (lines) studied,

but two lines were not clezsrly benefited.

By subjecting seed to conditions of controlled humidity (of
0%, 50% and 90%, respectively) and seration, at temperatures
of a domestic refrigerator, at 2500, at 35°G and at 4500
respectively, fairly good indications were further obtained
as to the requirements of seed with a view to overcoming

delayed germination.

Temperature conditions inside a refrigerstor were not con-
ducive to the overcoming of delayed germination, and humidity
control, at the levels employed, proved of little value for

this purpose.

At 25°G, the 3 humidity levels were of very doubtful value,
the 90% producing rapid decline of germinability after 3
months. DBetter results wers, however, evident when humidity

was not controlled (free seration).

At 35°C, the doubtful velue of humidity control was even
more evident, the treatment with free aeration giving very

good responses,

At 45°C, the 90% humidity was very harmful and though the
50% initially brought some stimulation, germinability was
lost after 2 months. The O-humidity was still of very
doubtful value. In this incubator series, the best responses
were secured with uncontrollied humidity (free aeration).

12, 1 an
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12, Subjecting seed to alternating temperatures of 25° and 45“0,
for periods of months, did not result in any better responses
than with even temperature at 4500.

13. By subjecting seed of different lines and of different
ages to a temperature of oca. 65°G, very good stimulation
wag obtul ned,but decline in germinability followed immediate-
on maximum stimulation. The period needed to produce maxi-
mum stimulation varied with the line of seed and apparently
with the condition of delayed germination, being 2 days in
Panioum F.14 and about 3~6 weeks in the other seed employed.
Ceminabllity was lost after sbout 66 days.

14. Studies were made of the effects of subjecting fresh seed
for varying periods to temperatures of 28°, 40° ana 50°,
with a view to overcoming delayed germination, when sub-
sequently stored at room temperaturs. In some cases, the
seed was kept at 20°C for 19 - 29 days, before being subjected

to the above temperatures.

15, A stimulation of 70% was secured (76 days at 50°C) with seed
of the one Chloris gaysna ecotype, sbout 3 months after
treatment. An immediate decline followed. 'Thmparaturoa
of 28°C after harvesting appeared hamful. Other lines of
seed exhibited little benefit from euch treatment, except
the P, notatum seed, in which improvement in germinability
wag elearly evident st 40° ang 5000, after the third test.
With the Setaria seed the 50°G'temperatura appeared to be
little better, if any, than the 40°C, Pre-treatment at 20°C
was of very doubtful value.

Be [ ss
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of
heat, cold and_ "sunlight".

Germination tests were made in the usual way at
ea. 28°C, The Paniocum and Segaria seeds were cleanged
beforehend, but the Digiteris seed after completion of
the test.

(1) Pre-heating st 08.65°C with subsequent room and
outdoor "storage”.

An experiment to ascertain the effect of pre-heating
of seed at 65°C on the delayed germination with subsequent
continuous outdoor (daytime) exposure and alsoc on continuous
room storage. Different lotz of seed were exposed to 65°G
for perieds of 2 hours, 12 hours, 1 day, 2 days, 4 days,

6 days, 10 days, 20 days, 30 days, 40 dsys and 50 days, and
thereafter one half of each lot was kept in open tins in the
laboratory and the remaining half of esech lot was spread

out on tin plates which were placed on a lawn during the
daytime, but brought in after sunset every day.

This experiment was commenced on 6/6/19%8 and
lasted 4 months. In the Setaris and Panicum , fortnightly,
end in the Digitarie, monthly, germinstion tests were con-
ducted. Three kinds of seed were included in the experiment,
viz., Beterie sp.B.3-3 of 28/2/1938, Panioum sp."Makarikari®
of January 1938, snd Digitarie sp. seln. 24-3 of 19/3/1936.
The individual lots of seed from the different periods of
heat treatment were sll released simultaneously from their
respective treatments so that they were subsequently exposed
to identical outdoor and indoor conditions.

The graphs of the results appear in figs.47 and 48,
The curves of both the outdoor and indoor series display a

striking / ..
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striking irregularity. Also, in both series greatest
stimulation was realized with the "mekarikari™ ecotype,
which, inecidentally, had the lowest germination and was the
lemst affected by heat trestment (see also fig.46).

The effect on room storage.

It is of interest first to direet attention to
certoin features of the heat treatment itself. It will be
seed from the graphs that with the Digitaria seed, the
50-day period of heat treatment which, as sueh, was a less
favourable treatment than the 40-day period, produced a
far better incresse in germination when released from the
heat treatment, than the seed of the 40-day heat treatment.
In other words, a decline in gemmination with such heat
treatment is not necessarily due to a loss of viability.

It is surprising that none of the shorter heat trestment
périods could equal the 50-dey increase with room storage.
The 40-day curve exhibited a rapid decline after the heat
treatment.

With the other two kinds of seed this phenomenon
was also very noticeable. In the wase of the Setaris, the
50-day period of heat has reduced germination to well below
the control, but after being placed at room temperature,
there was a marked stimuletion within a fortnight. In the
outdoor series this was also clearly demonstrated.

In this (room) series best stimulation with the
Digitaris seed was obtained throughout the 4 months with
the 50-day period. With two exceptiéns - which do not seem
genuine - all treatments with this kind of seed experienced
a decline after the first month at room temperature, with
subsequent rises, the falls and rises being far more marked
for the 15- and 10-day periods than for the 30- and 40-day
pericods. The lower-reriod heat treatments are of doubtful

7
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or little wvalue during the first three mohnths of room storage.
With the Setaria seed, in which the optimum germina-
tion with the heat trestment alone was obtained a fortnight ear-
lier tﬁan with Bigiteris (see fig.46), the subsequent effect
.with room storage (fig.47) was in feir sgreement therewith, as
the three higher periods of heat treatment were not of the same
value - as for instsnce the 20- and 15-dsy periods -, though
during the first month of room storage the 40- and 30-day periods
were of about the ssme value, but with subsegquent rapid decline.
The shorter periods showed about the same reaponsﬁ?with the
above kind (Digiteria), but the favoursble effect appeared ear-
lier. In an earlier experiment, the 15-day trestment had given

00% germination with Setaris B.3-1. Declines after the first

4 o 6 weeks st room tempersture were also then experienced.
Where, in the case of the FPanicum, the periocd of opti-
mum germination with heat treatment lay between those of the
above two kinds of seed, the best response in the room storage
series was, likewise, with periods between those which gave best
responses with the other lines of seed. The 40-, 30- and 20-day
reriods were distinetly better than the 5C-dsy pre-~treatment.
The short-period hest treatments were not of the same value as
with the Setaria seed. The 15-day poribd here showed two very
deep troughs not experienced in the other two kinds or in any

other treatment.

The effect on outdoor treatment.(Fig.48).

In two of the three lines of seed, the outdoor con-
trols ultimately, after about 3 months, exhibited about the
same increase in germination as obtsined with the best heat
treatments, though the latter were better at the eand ier stages.
Iﬁ the case of the Digitaria seed (in which the response was
rather different to the other two), the decline after the first
month was & very regular one and, to judge from the twe other

kinds / ..
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kinds of seed used, this deecline no doubt set in earlier. The
rise after the second month was equally regular for the trest-
ments below 15 days, but in the higher heat trestments the
eurves ran horizontslly, rising after the third month. In all
except the 50-day treatment, the maximum stimulation was not
reslized until 4 months outdoors, at which time there was little
difference betweennthe various treatments, they giving a good
deal better germination than the room-stored seed.

With the Setaria, as with the Panieum, the curves
were very irreguler, though with the exception of the 50-day
period (which was well below the outdoor control throughout the
4-month period) they were well above the control during the
first 2 months outdoors, declines being registered after 1 to
2 months. Similar declines were not exhibited by any of the
controls of the 3 kinds of seed. After 4 months all treatments
above 10 days were germinating below the outdoor control, the
others being distinetly better, recovery being shown by only
the short-period treatments.

 The Panicum seed showed somewhat more marked stimu-
lation outdoors than indoors. 1In the longer period treatments
this was obtained within the first fortnight, whilst in the
shorter period trestments it occured after & weeks. All treat-
ments exhibited distinet declines after 6 or 8 weeks, outdoors
and thereafter recovery was only realized by the shorter-period
treatments, which is in contrast to the room storage series in
which subseguent increases were only realized with the longer-
period trestments., Eventually, after B%lmonths, the sun con-
trol was equal to or better then eny of the treatments and par-

ticulerly the longer-period treatments.

(2) Pre-cooling st ca.§°0 with subsequent room and outdoor

storage.

The aim of this experiment was similar to that above.
Pre-cooling periods of 3 days and 1, 2, 3, 4 and 6 weeks were
: tested / .,
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tested out. The materials, methods, period and time of the
experiment were the same as in the =bove experimant.

The results are presented in figs. 49 and 50. In
contrast to the effect of heat and in accordance with expecta-
tion, there was no immediate iqfluenea of cold treztment notice-
able, in view of which the direct response to cold was omitted
in the graphs. The best stimuletion in these series of room
and outdoor storage was obtained with the Digitaria which
registered over 60% incresse in germination in the room=-storage
series. On the other hand, the Panicum showed no stimulation
with room storage, whereas the Setaria seed fell in between
them. There was in both room and outdoor series little to
choose between the vam ous periods of pre-cooling. The Digi-
Iaria seed showed stimulation only after the third month,
the germination being below the control before this. In the
case of the Setaria seed at room temperature, the response
was a good deal less favourable though very regular.

In the outdoor series, the Digitaeria did not show
the same stimulation as in the room series, but the maximum was
registered a month earlier, the ineresses being as rapid as the
declines. The Seterie and PFanicum seed both showed slight
stimulation, the outdoor control of the latter exhibiting slight-
ly superior germination to the treatments after 3% months.

(3) [The effect of the slternation of various periods
of heat (65°C) =nd sunlight.

The slternations tested out were -

2 hours at 65°C : 2 days in sunlight.

2 days " 1" 7 = " "
S w " " in # " "
4 " " "o 30 " " "

The same Panicum seed was used but the Setaria was the line

B.3-1 of 28/2/38 and the Digitaria line 24-3 of 3/3/36. In

the 1attef, monthly, and in the other two, fortnightly germmina-
tion / ..
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fion tests were conducted. The experiment was commenced on
5/5/38 and lasted 4 months. The results are plotted on the
graphs appeering in fig. 51.

This treatment was very beneficial to the Digitaria
seed, giving 70% st mulation over the room control, after
€ weeks., The 3 longer-period slternations were of equsl value,
but all registered an immediate decline thereafter. The Setaria
and Panicum seed were slso well stimuleted in comparison with
their room controls, but in the case of the latter line, there
was no advantage, compared with its outdoor control, except in
respect of time. The maximum stimulation obtained with Setaria
seed in this series was, however, no better than its control at
65°C and, in fact, the longer-period treatments were below the
stimulation realized with heat slone. In the case of the
Digitaria, 3 of the 4 treatments were well above the heat

control.

{(4) Alternstion of wvaerious periods of low temperature
and sunlight. :

The slternations tested out were :

6 hours et ca. 2°C : 2% days sunlight.

2 days " » 7 o "
2 " " " 1 4 ” "
2 tH " " 3 0 ”n n

GCezpminatian teots were eondycted fapfudohily, The same seeds
were used ax in the previous experiment; the time and the pe-
riod of treatment were also the seme;, Germination tests were
conducted fortnightly. The dats for this test are graphiecally
presented in fig. 52.

It Goes not appear as if this alternation can be ex-
pected to give better germinetion than sunlight trgatment by
itself, or than sunlight with pre-cooling, although in compa-
rison with room treatment marked stimulation wes realized,
particularly in the caese of the Panicum. In this seed, for

instance f
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instence, the same stimulstion wés eventuslly obtszined with

sunlight, as with the best combinstion used in this experiment.

(5) The slternation of various periods of cold (ea.3°C)
and heat (ce.65°C).

The alternations tested out were :

2 hours at 65°C : 22 hours at 3°C.

6 " L 18 " "
I * " 32w .
18 L L 6 " "
22 T n 2 n "

The kinds of seeds, period of treatment and date of commence-
ment of the experiment were the seme ss in the previous. Ger-

mination tests were made fortnightly with the Setariz snd

Panicum and monthly with the Digitaria, the dats being

graphically presented in fig.53.

With the Digitaria and Setaria seed very good
germination was obtained but for the Panicum, whieh showed
goed stimulation in three of the other four experiments, the
lowest germinations were recorded with these trestments. These

treatments appeared somewhat drastic, particularly to the

Setaria in which the 0% mark was approached within 2% and 3

months. The severity was apparently largely determined by the
length of the hest btreatment. The maximum stimulstion exhibited
by the Digitaris (within 2% monﬁhs) and Setaria (in 1% monthsg
were not, however, obtained with the seme treatments in the two
lines. The stimulation with these two were well in excess of
heat and cold treatments and controls separately. Those treat-

ments which gave the guickest stimulation also showed the fast-

est and greatest fslls in gemination thersafter.

(6) Summary.

1. The effects of different periode of pre-heating seed (3 lines)
at 0a.65°C with subsequent room and outdoor storage respective
ly, were stidied as a possible means of overcoming delayed

germination. ind bt
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2, Under these conditions, excellent stimulation was realized

%

4,

with all 3 lines, when the seed was stored at room temperature,
being highest in the "Makarikari®™ Panicum, in which the maxi-
mum gérmination (approx. 60%) was registered after the first

14 days, at room temperature. The optimum period of heat treat-

ment varied with the line of seed, being longest in the Digi-

teris end shortest in Setsria. The curves of all 3 kinds

of seed exhibited marked falls and rises, the trends showing
fairly close agreement. llarked differences in response were

evident between the various periods of treatment.

Under the seme conditions of pre-treatment, outdoor storage
resulted in Aarger increases for the Panicum =md Setaria,

but these inereases were about equalled by their outdoor con-
trols after spprox. 3 months, which, however, was not the case
with the Digitaris, in which the treatments were well above

the outdoor controls, after 4 months. Also here similar rises
and falls were experienced and marked differences in response were

evident between the different periods employved.

Employing pre-cooling in the same manner as in the above, the
response with room storage were far less consistent tha% in
the previous. No stimulation was realized with the Panicum,
but excellent increases were obtained with the Digitaria ,
the responses with Setaris taking an intermediate position.
The irregularitiss in the curves were not evident in this
series, and little difference was exhibited between the dif-
Terent alternations.
With outdoor storage, pre-cooling was cven less effective than
the last-mentioned conditions, when compared with their outdoor
controls, In contrast to the outdoor storage with pre-heating,
the increases were realized mﬁch later, almost coinciding with
those of the controls. Marked irregularities were not evident
although all Digiterias curves exhibit a fall after their

: peaks / ..
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peaks at the third month. Little difference in response was

exhibited between the different al ternations.

6. The aiternation of various periods of heat and sunlight re-
sulted in highest increases being realized with the Digitaria
(70% stimulstion). With the Setaris and Panicum the sti-
mulation did not equal those obtained in the pre-heating se-
ries and the tendency for the cutdoor econtrols to come up %o
the levels of the treatmente, was apparent. The different

alternations responded somewhat differsntly.

7. The alternation of cold and sunlight proved to be of the least
value in these series, though considerably better than room

storage alone.

8. The alternations of heat and cold induced marked stimulation in

the Digitaria (approx.70%) and the Seteria (approx.55%), when

compared with room controls, but marked declines were exhibited
with certain treatments. With the Psnicum, this type of
treatment, though giving up to 40% stimulation, was the poorest
of all series. This kind of treatment is apparently severe,

as complete loss of germinability followed with most of the

treatments in which decline ®f germination was registered.

Cs
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ghe‘literatnre.

iany workers have given attention to the influence of
temperature and of the related -questions of desiccation and
moisture-content of seeds on the germination of after-ripened as
well as non-afterripened seeds. Lehmann and Aichele (1931) have

reviewed the literature for the Gramineae and it is therefore un=-

necessary to refer to all here. 4 " /
number oo
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A number of workers, e.g., Hotter (1892), Eiltner (1901),
- bofh cited by Harrington (1923) - Atterberg (1907), Kiessling
(1911) = after Harrington (1923) -, Harrington and Crocker
(1918) , Stapledon snd Adsms (1919), Harrington (1923), Joseph
(1929) and Poptzoff (1936) heve reported on the favourable af-
fects of drying on delayed germination. Whether these effects
were directly or indirectly dus to heat treatment or to reduction
of moisture content of the seed (water withdrawsl) or fo both,
must needs depend on the kind and condition of the seed under
observation, as well as on the VErioﬁﬁ external factors. Thus
the views and ideas expressed on this sub ject have varied ac-
oordingly. Nevertheless, it appears that in some cases the be-
neficial effects were definitely associated with water with-

drawal i.e., water-content, such as when dehydration agents

{e.z., H 504 and Cacla) are used as was shown by Hiltner (1910)

2
- eited by Lehmann and Aichele {1931) -, Harrington (1917),

Steinbauer and Steinbauer (19%2), etc. In other cases, however,
temperaturs of heating, as such, was no doubt responsible, e.g.
Hotter (1892) - cited by Lehmann and Aichele - found that after-
ripening proceeded when water-content remained constant;
Kiessling (1911) - cited by Harrington (1923) - attributed his
results to temperature effects. : .

On the other hand, Harrington (1923 a), in conneetion
with wheat siltdies, wrote : "There is no quantitative relation
between water-content and germinﬁbility, after~ripening progressesd
at the same time as nomal loss of water during curing of the
grein, but not primarily as s result thersof.™ He (1923 b) also
stated that the acceleration of after-ripening of Johnson grass
seeds was more easily affected by heating than by lime or 32304.

Harrington (1917) found seeds of Johnson grass stored
in definite humidities (using H2304) hastened delayed germina-
tion, SmmmxwerksrsximysxRoomdxdrygxkextxeymie but prolonged

- severe drying over HESO4 reduced germination. Some workers

.heve / ..
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have found dry heat useless; e.g. Burton (1938) reported no
success with timothy seed dried at 50°C. Franck and Wieranga
(1928), employing 5 - 7 days at 35°C for srtificial after-
ripeniné of various kinds of vegetable seeds, obtained both
Tavourable and unfavourable resul ts.

Eiltner and Kinzel (1906}, Atterberg (1907), Franck
(1925) - cited by Lehmann & Aichele -, Harrington (1923) and
others, used sbout 30 - 50%C with favourable results and usually
workers employed short periods, up to ten days. Though seeds
can endure much higher temperatures then used in the present
sandies, viz. 45 - 85°C (for example, Dixon (1901, Harrington
and Crocker (1918), Staker (1925), Joseph (1929), Spafford
(1930)), water-content of the seeds ot commencement ig an
important factor (e.g., Waggoner (1917), Harrington & Crocker
(1918), Atanasoff and Johnson (1920), Lipscomb and Dowling
(1926), Tié}er and Jones (1927)).

A good desl of work has been done on suitable stor-
age conditions for the preservation of viability, but these
results are of no immediate concern to our discussion,as the
question of delayed germination is usuaslly not considered with
this problem. Bihlmeier (1928) found that the germination of
a number of species was improved by dry storage, the time re-
quired and the degree of improvement varying considerably with
the various seeds.

Kiessling (1911) - ecited by Harrington (1923) - re-
ported favourable effects (with drying) on barley in early
stages of after-maturation, but when this was completed, or
nearly so,harmful effects were obtained. Harrington (1917)
found that Qeeds of Johnson grass stored in definite humidities
(aéseq solution), were hastened in their after-ripening, but
prolonged severe drying over 52304 reduced germination. Toole
(1921) reported that when dried quickly in the sun or when

desicecated / ..
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desiccated over H2304, wheat mey retain its dormant’ condition
for a long time. Working with osts, Tincker and Jones (1927)
found that the moisture-content of the grain was negatively .
correlated with the rate of germination. Borthwick and Fobbins
(1928) established that low tempersture dry storage of lettuce
seeds did not improve the gemination as compared with labor-
atory-temperature stored seed, Giersbach and Crocker (1932)
found wild plum seeds required a period of low temperature
stratification or a period in a low tefmperature germinator for
after-ripening, preparatory to germination, which sre methods
that have been found effective by many workers for the promo-
tion of after-maturation, not only of the seeds of woody plants,
but also of the non-woody kinds ineluding those of the Gramineae,
as already stated. Thigs may, however, prove of little or no
value (e.g., Ray and Stewart (1937), using dry and wet treat-
ment at low temperatures with Paspalum spp.), as also our

own results show. Toole (1940) found higher temperstures for
storage more successful Tor improving after-maturstion than

low temperatures (Oryzopsis).

Above attention has been directed to the importance
of light for the gemmination of seeds_and partieularly during
the condition of delayed germination, it being also pointed
out that, apparently, little has been done on the value of
light of different wavelength and of sunlight, on the course
of delayed gemminstion, particularly of dry seeds. The results
of the present investigation show thﬁt-sunlight treatment may
produce very marked increases (see outdoor treatments, under
A.{1) above), but when a closer examination of the phenomenon
is attempted, as dsseribed below, under D (1), it would seem
tnzt teﬁper&ture, direetly or ihdirectly, perhaps plays a major
role, though there appears to be a very distinet difference
betweeg certain filters in the case of Setaria. The in-
equality of age of the two kinds of seed ig ﬁrobably tthe

cause / oo
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cause of the difference in response, as it is now known that
the relative importance of the two controlling factors alters
considerably with time. It must, however, be admitted that
the resﬁlts are somewhat puszling and do not shed much light
on the direct cause of the phenomenon snd it is only with
further experimentation that the question can be solved;

When one congiders the experiments in which sunlight
was used in conjunction with heat {expts. under B (1) and (2)
above) one is again confronted with the differential responge
of the different kinds of seed. The value of sunlight is
quite considerable, but when alternated with suitable periods
of heat or when preceded by the correct heat treatment, the
value of heat becomes evident and one wonders to what extent
the effectiveness of sunlight is dependent upon the heat factor
concerned, especially with the good results obtained when room
storage - instead of outdoor storage - is used in combination
with pre-~heating. The value of heat is in fact very clearly
shown in these series of heat - cold =- sunlight combination.
.On bhe_other hand, pre-cooling with room storage may prbduce
very marked stimulation in contrsst to the results secured
with continuous low tempsratures. At the same time, the
hamful effeets of pre-cooling and sunlight in contrast %o
pre~cooling plus room storage in the case of Digitaria 24-3
is recalled. |

It is, moreover, interesting to note that the alter-
nation of heat and eold iz apparently a good deal morse drastio
than that of heat and sunlight, though accompanied by equally
good stimulation effects; or even more drastie than cold and
sunlight, although accompanied by batter siimulation effects
for the Panioum seed. Throughout, the differsntial response
exhibited by the three kinds of seeads uged in these series, is
quite striking. It is furthermore apparent that heat or heat

and / ..
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and cold, or even hest and sunlight, may produce the aamé re-
duction of delmyed germination as sunlight,and usually sconer.

It would seem that the periods used in the various
combinetions of these series were feirly well chosed .

Fhe value of temperature for the improvement of
delayed germination is well demonstrated in the incubator
series {(under A (2), sbove). This is revéaled by a comparison
of the tests without humidity control, at the relfrigerator
temperature (No.2l), with that at incubator temperature of
45°C snd of 35°C, as well as alternating temperature treatment
(Nos.46 and 47), but the maximum stimulation is not realized
until after about 8 - 9 months and the curves are not alweys
smooth, especially at the higher temperatures. The temperature
of 45°C ig apperently not always more favourable than the 25°¢
one, for meximum stimuletion, though it may be so for quickest
stimulation. Temperztures below 30 - 5506 are apparently not
of mych value compared with room storesge for maximum stimu-
lation. |

The ineffectiveness of temperature to affect im-
provement in the delayed germination of certein resistant seeds

(even after long periods) is not restricted to particular
genera, as Yanicum, Urochloz and Digitaris =are concerned ,
and it would be interesting in future studies to ascertaein to
whaet extent changes in seed-coats and embryo are affected by
the treatment. VIt is probable‘that temperature changes affect
only the seed-coat or the embryo and the treatment may, there-
fore, appear ineffective, when in faet it may have been very
effective for either the one or the other. The results in
Chapter 1 have demonstrated the importance of these factors
in the del ayed germination of these seeds and it will thus not
oniy be interesting, but also necessary to keep track of the
changes in relative contribution of these factors, if any,

which / ..



T, L L D

University of Pretoria etd — Liebenberg, L C C (1942)

- 38D -

which occur during the period of treatment as otherwise valuable
information may be lost.

~ That the age of the seed, that is the condition of
the embfyo and seed-coats, must be an important factor with
the in-effectiveness of any treatment, is evident. In the case
of Chloris gayane it has been shown (Chapter 1) that delayed
germination is almost entirely attributable to seed-coats a
few weeks after harvesting, and it would, therefore, seem
that the sucbess of heat treatment of fresh seeds of the
species (vide A (3) above) is probably entirely due to the
effect of the treatment on the seed-coats. If this be so, the
ineffectiveness of this treatment with certain kinds of seed

(Urochloa, ete.) is readily explained.

The importance of aeration for certasin kinds of seed
during heat treatment is well illustrated by a comparison of
treatments 30 and 31 (figs.31-32) at 35°C, This is well
shown by the behaviour of the seed of Panicum B.7-11 and

Echinochloa B.l4=15, At refrigerator temperatures this is

not at all spparent. Whether the favourasble effects are due
to aeration, per se, or to the effect of humidity, can only
be ascertained by a considerstion of the effects of humidity
itself. |

The interpretation of the effects of various humidi-
ties call for a certain amount of caution, in view of the pos-
sible unfavourable effects of cone. .‘EI'ZST.J‘,,+ in the case of
O-humidity treatments. If the acid is deleterious, then it
is not equally harmful to 2ll kinds of seed and it does not
cause complete loss of viability in the majority of tests,
even over the 15 months' period. Above it has been shown
that, apparently, H‘ESO4 does cause a somewhat quicker decline
in germinaebility than Ga012, although dehydration by means of
CaCl, f=baxak is al so unfavourable for the progress of delayed
germination of this line of seed, as the limited results with

CaCly / o«
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03012 (ebove) show. It would thus appear that the ill-effects
resulting from the use of conec. Eésoq for O-humidity freat—
ments are perhaps to be attributed more to the lack of humidity
or dehydration of the seed than to the effects of the acid
itself, perticularly where stimulation is registered with

gome seeds in the initisl stages and where favourable results
have been reported by other workers, as noted above.

. At low temperatures (rerrigerétor) the effects of the
different humidities are not particulerly noticeable, but with
incresse in treatment tempersture, the humidity differences
become more and more digtinct and the mgulaﬁ- on of humidity
more harmful, with perhaps the exception of onear two kinds
of seed in the cese of the 50% humidity at 3500. Judging
from the results obtained with the thrae conditions of humidity,
there seems to be little in favour of humidity control with
heatqgreatment, for the promotion of delayed germination,
especielly when the favourable results of the uncontrolled
hunidi ty treatments are taken into considerstion.

The low temperatures are probably not without value,
as they would seem t be favourable for the preservation of
viability, for good stimiation wes realized (expt. under
B (2) sbove), when pre~cooled seed was subsequently stored at

room temperature.

D.

Miscellaneous Treastments.

- - - - - —— - — -

Under this head will be discussed the various explo-
rative attempts made to obtain information on the value of

certain other physical methods of overcoming delayed germination.

(1) The use of "filters" in conjunction with sunlight.

As standardized "filters" were unaveilable, except for
the yellow filter used in ordinary darkrooms, plate glass of

various / ..
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various colours were made use of with the hope of securing more
information about the favourable effects previously obtained vi th
sunlight. Comparisons were made of :-

; L
a) Blue plate glass : transmission ) in wavelengths 4200
to 5200 and from 6800 upwards.

L J
b) Red plate glass : transmission ) in wavelengths6300 go
7700.

e¢) Green " _ " " " 4600 to
6300, with peak at 5350,

d) Yellow glass : Ordinary yellow filter of darkroom used
(only one Setaria used).

e) Plain (white).
f) Total darkness.

g) Continuous exposure to sunlight, rain, ete. (only one kind
of seed used).

h) Continuous exposure to sunlight, but protection from rain.
The seeds were exposed in single layers in a shallow
galvanized iron "tray", the bottom of which was jacketed to
hold water which was kept cool by céntinuuusa circulation of
running water from a tap. The tray was divided off into light-
proof partitions, each of which was covered with a different
filter, one of the compartments being covered with photographiec
(black) paper to exclude all light. Two compertments were used
for treatments g) snd h) respectively. The provision for the
continuous ecirculation of running water from a tap was made
with the idea of eliminating the temperature factor. All "fil-
at-te N.oand S, s5ides
ters"” were slightly raised/to permit_free air eirculation.
These smdies, mede with Setaris seln.B.3-1 of
28/2/%8 and Digitaris seln. 24«3 of 3/3/36, were commenced
on 16/4/38. Gemmination tests were conducted fortnightly, for
a period of 6 months, when the experiment was discontinued.
' Discussion / ..
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') Butting spectro-photometer was used, its range being
4200 - 7700 A®° (white electric light was employed) .
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Discussion of results.

A graphical presentation of the results =ppears in
Fig.45. Unfortunately the seed of the controls lasted oniy
2% months, as losses are unavoidable as @ result of full ex-
posure. During this period & precipitation of 0.66 inches
was registered on 22/4/38 with very light deily showers before
this date 2nd two days thereafter, which, apparently, regulted
in an immediste incremse of over 20% in germination capacity
of the Setsris seed (control g). The control h} of both
kinds,as well as the control g) after the first month, exhibited
the poorest germinability of all treatnents. In both kinds the
same trends were noticeable in the controls, whiech in the case
of Digitaria also agreed with the behaviour of the other
treatments.

For both lines of seed the red filter, though somewhat
better than some of the other filters during the first 1% to 2
months exposure, was the poorest treatment. The yellow "filter"
(only used with the Setaria seed) appeared to be the best
treatment, giving over 90% germination within 4% months, al-
though a 15% decline in germination was experienced directly
afterwards - a drop which coincided with an equally marked fall
in the caese of green, blue and "darkness" treatments with this
kind of seed. All of these treatments, however, showed & sub-
sequent rise. BExcept for a minor peak after about 1% to 2
months, which was also exhibited by the green and red (and all
the curves of the Digitaria ), the yellow showed a straight
course over the Tirst 4} months.

With the Setaria seed the next best treatment was
"darkness", which for Digitaria was, with the exception of
red {and of course the control), the least beneficial treatment.
TherealTter the best treatment for this kind was the plain glass,
which happened to be the best treatment for the Digitaria ,

though / ..
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though thé highest gemmination recoreded was only 40%. With
both kinds of seeds the green and blue fell in between.

Ne curve exhibited a trend not displayed by one or
more of'thn other curves. The first fall shown by the majority

occured in the middle of winter, the other agiin in spring.

(2)Sosking end Soaking and drying.

In a preliminary test with severgl kinds of seed ex-

posed on the seed-bed in petridishes, it was found that inter-
mittent wetting end drying was of little or no value and it
was, therefore, decided to plan a detailed experiment to test
out the possibilities of this method. In this, seed of
Setaria seln.B.3-4 of February 1938 was used. ¥The seed was
first socaked at 27°G, divided into three portions, one being
dried at 45°C, the second one at 65°C and the third one in the
sun. In the first series the alternation of 2 hours' soaking
end 22 hours' drying was used and this was followed directly
by another series of 6 hours' sosking and 18 hours' drying.
The experiment was commenced on 8/6/38 and germination tests
were made on the 3rd, 6th, 1llth, 21st and 30th days. A fair
stimulation was obtained as shown by the following data :-
TABLE 18 : THE PROGRESS OF DELAYED GERMINATION OF
Setaria B.3 - 4 OF FEBR. 1938, WITH CON_
TINUED SOAKING AND DRYING, WHEN TWO ALTERNA
TIOES OF SOAKING AND DRYING WERE USED ARND

THREE WMETHODS OF DRYING. THE CONTROL DID
NOT EXCEED 24% GERMINATION.

T S N S . o S . 0 W [ S " . . . o . W . 1 s o o s S . T k. S . -

Method of dry- Germination w. Germination w.

o S0 ing after sosk- 2hrs.soaking & 6hrs.soaking &

ing 22hrs.drying 18 hrs.drying

__________ A e e S e R e o v R
in sum 14,2 15.1
3rd day at 65°C 9.4 5.5
at 45°C 19,0 34,2
in sun 10.5 24,2
6th day at 65°C 17.9 2.4
at 45°C 14.9 50.2
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Method of dry- Germination w. Germination w.

ogpmgzrt ing after sosk- 2 hrs.soeking & 6 hrs.soaking &
5 ing 22 hrs.drying 18hrs.drying
% %
in sun 19.0 37.2
11th day at 65°C 15.0 0.0
at 45°¢ 23.2 57.9
in sun 87.7 4% .0
21st day at 65°C - 0.2
at 45°C 50.4 nay,n
in sun - 25.8
30th deay at 6500 - -
at 45°C - 42,8

In the first series, with shorter hours of sos=king,
the method of drying had little effect on the germination and
stimulation was only registered after the 1llth day. In the
series with longer hours of sosking, however, stimulation was
already apparent after the third day, the maximum germination
of 58% being realized about the 1lth day, this smounting to
a stimulsation of a2bout 34%. Drying at 65°C was most harmful,
as already by the 3rd day a marked decrease in germinstion was
exhibited. 1t is, however, not unlikely that this is only a
cagse of secondary "dormeney".

Soaking Paspslam scrobiculatum and three ecotypes of

Digitaria for 6, 18, 24, 48 and 96 hours in tap water, showed
that in some cases & fair stimulation may be obtained, although
it appeared that the shorter periods-were, if anything, harmmful.
Best increases were obtained with those seeds in which delaved
germination was probably entirely due to seed-coat restraiﬁi,
although the maximum étimulation amounted only to about 22%.

In three out of the four lines the most favourable period was
48 hours, whilst in the other kind (Digiteria) it appeared to
be in the neighbourhood of sbout 24 hours.

Interesting / ..



University of Pretoria etd — Liebenberg, L C C (1942)

- 155 -

Interesting also are the date tabulhted below (table
(up to 75%)
19). Whereas soasking has produced excellent inereases/in two

of the lines, the third was not benefited in the least. The
method of drying sdopted was distinetly harmful. The optimum
period of soaking sppeared to be approximately 96 hours, perhaps

moxre.

TABLE 19 : A COMPARISON OF THE EFFECTS OF SOAKING
SEED IN TAP WATER FOR DIFFERENT PERIODS,
WITH THAT OBTAINED WHEN SEEDS WERE DRILED
FOR 20 HOURS AT 40°C, AFTER EVERY SOAKING.
Panicum "MAKARIKARI" 11/12/, Digitaris A.708
(MOBABI FLATS) AND Paepslum notatum A.240,
ALL HARVESTED FEBR. 1941 AND SHOWING' RESP.
5.0%, 3.4% and 0,3% GERUINATION, AT 28°C (CONTROLS)
WERE EMPLOYED. TEME OF TEST JAN.1942.

B ot WO T O (. i W W b i o WO i S gl S S WSS o S i S W M M W (o o o S W S U — " oy - 1 G — 1

% germination direectly % germination whgn sceds

fter soaking were dried at 40°C for
eriod of "
pgoaking St A A - e e e s 299£§ after thﬁ_ﬁgﬁgﬁnﬁn--
Eggicgg Diﬁgtaria Pagpall % gﬂ ;gigaria Pa 1
11/12 <708 A.240 1718 A.708 A, 2%5
2 hours 17.3 6.7 0 5.5 4,8 0
R 44,7 8.4 0 16.5 6.2 0.3
iB = 54.0 10.0 0 12,0 B+3 0
o4 62.3% 13.0 0 15.6 8.3 0.3
48 n 29 .4 42,3 0.3 44,7 26.3 0
96 " 80.5 68.3 4] 64.8 41.3 0

Many workers have reported on the effect of sosking
and in some gquarters it has becoge a standard practi ce in testing{
Hagtening of delayed germination, by.means of sosking or of wet-
ting and drying is, however, firless frequent. Fisher (1918)
improved the germination of timothy by alternate wetting andl
drying. Foy (1932), using Paspalum seed, found good results
with 5 minutes sosking at 60°C or 18 = 24 hours at room tempera-
ture. Burton (1939), however, could not improve the germination
of Paspalum notatum with 24 hours soaking, whereas Wengar (1941)
realized / ..
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realized good increases with 2 - 4 days sosking of Buchloe
Gactyloides.

(3) Hotwater treatment and soaking and freezing.

Preliminaery hot water (60°C) treatment varying from
% minute to 60 minutes,employing Digitaria: line 24-3 and
ecotype A.23, resulted in very different responses. Whefeas
the former is not sffected, the latter showed, apparently,
slight stimulation in the case of the short period treatments
up to 2 minutes, =s also in the case of the control soaked at
30°C., On the other hand, with 45 and 60 minutes treatment, ke
germination speed was impaired, the majority of seeds germinating
only after the 6th day. Boiling water (9500) for varying periods
up to 60 seconds, gave negative results.

By sosking the refractory seed of Digitaria 24-3 of
19/3/36 in water for 1 hour and freezing at ca. 3°F. for periods
of 10 minutes, %, 1, 2, 5, 10, 24 and 36 hours, no improvement
in germination could be secured, the seeds being dried in the
sun before each gemmination test.‘ In fact, when compared with
the germination of dry seed or of seed soaked for 1 hour only,
with and withoug subsequent drying, the freezing, particularly
the longer periods, appeared to be harmful. <The experiment
wag commenced on 28/5/28 when the majority of the embryos were
probably ready for germination and one may perhaps conclude
that this freezing treatment has had little effect on the

seed-goats.,

(4) Bresking of seed-coats.

From the results that have been recorded above (II),
it will be apparent that once the "embryo" has become ready
for germination, there will bé no difficulty in indueing ger-
mination, provided the seed-coats were broken, To schieve this
by chemical mesns, should entail no real difficulty, as has

indeed / ..
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indeed been reported by a number of workers for other grass-seed,
but from the viewpoint of praecticael epplication, such a method
can harily be expected to be a success or, at best, can find only
a limited practiocasl application. The only mesns then is one of
mechaniceal injury of the coats. It was hoped to achieve this
by such means ss freezing or hotwater, but, as reported imme-
diately above, this did not prove a very hoppful line of attack.
Employing = spunge rubber pad on very fine emery
paper, the gemmination of rhodesgrass A.245 could be increased
by rubbing, from 8-72%. In a similar way also the germination
capacity of Digitaris line 24-3 could be inereased by over
0%, In the latter case, however, the effect was more that of
bruising, as in most fruits only the glumes were removed, the
céry0pses remaining enclosed in the remesining coverings (braets).
When, however, it comes to the practical appliecation
of this method, it would seem that this will be s difficult,
if not inéuperable, task, as the majority of the seed of indi~
genous grasses, is so smell, and the caryopses so tightly en-
closed by the coverings, that the development of suitable
machines to break the seed-costs will be most diffieult. It
ig possible that with the larger-seeded kinds this might be
sucecessful, although experience has shown that in several of
these (e.g., Thegeda and Setsria) the embryos are easily in-

jured, once the caryopses are set free.

(5) Ultraviolet light and radium oxide treatment.

For testing out the value of ultra-violet light, a
quartz-mereury vapour arc lamp, wquing at atmospheric pressure
with an sl ternating current of 240 volts - 50 eycles, was
employed. Seed of @etaria B.3-1 of 28/2/38 was used and this
was spread out in front of the light source at an average
distance of about 10 inches, sll other sources of light being
eliminated by enclosing the whole in a carton paper box of thick

material / ..
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meterial. A control was also enclosed.

The apparatus was run continuously from 30/4/38 for
15 weeks and weekly germination testé were mede. The results
are presented in grsphical form in fig.45 . Stimulation was
registered over the first 6 weeks, followed by an immediate de-
eline of about 25%.

Thereafter a quick increase followed, the germination rising
to the previous height, a direct fall being again experienced.

For the radium oxide treatment, Digitaria seln.24-3
of 3/3/36 wes utilized, the fruits being very lightly rubbed to
remove the hairy glumes and thereafter mixed with the oxide,
in which it was kept dr 4% months. The results showedrthat
rubbing, though executed with the greatest care, inflicted so
much "bruising” that an immediste rise of about 30% in germina-
tion resulted.

For the first 3% months the trested seed remained
well below, or was about equal to, the control but thereafter
a sharp rise is shown, bringing the germination above the con-
trel. With the first germination test, 16 days after commence-
ment, followed by 4 monthly tests, the treatment and eontrol
percentages were respectively 50.9 and 54.9; 39.3 and E2.6;
45.8 and 40.9; 33.2 and 45.8; 61.8 and 50,9. The results
were disappointing and, apparently, few workers have studied
the effects of this kind- of radiation on the delayed germina-
tion of seeds. Pietruscynski (1926) found 15 minutes treat-
ment with ultraviolet light hed a fevourable influence on seeds
not fully after-ripened. Kamensky and Orekhova (1937) obtained
favourable results with ultraviolet light on not fully after-
ripened wheat and barley seeds under certs in conditions; but

not for certain other seeds.

(6) Oxygen pressures.
The effect of different 02 pressures on the germinability

a2 L s
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of seed in a stete of deleyed germination was slso studied.

For this purpose fresh seed of Sporobolus ecotype 4.228 and
of 1 year old seed of Digitaria ecotype A.720 were employed.
In both cases the seed was used in the conditon of (a) intact
fruits, (b) intaet caryopses and {c) scratched caryopses.
Pressures of resp. 10, 2 0 and 60 atmospherses, each for

one- and four-hour periods, were tested out, thé results being

tabulated below.

T ABLE 20

-
-
S O —————

THE EFFECT OF DIFFERENT OXYCGEN PRESSURES ON
THE % GERMINATION OF FRESH SEED OF A
Sporobolus ECOTYPE AND OF 1 YEAR OED SEED
OF A Digiteria ECOTYPE WHEN TEE SEEDS WERE
TREATED AS, (a) INTACT FRUITS , (b) CARYOP-
SES RIMOVED FROM THEIR BRACTS end (o) AS
FREED CARYOPSES, WITH SEED-COATS BROKEN.

2 x25 AND 1 x50 SEEDS WERE USED . TIME
OF TEST J4NUARY 1942,

Kind of seed and -éﬁ&leégéem-gﬁn_ﬂegzgazg&-eweﬁggezﬁé- Control
its pre-treatment 1 hr 4hrs 1 hr &4hrs 1 hr 4hr

%o * % % % % %
Sporobolug :
(2) inteact fruits 0 2 2 0 0 0 2
() " garyopses 0 34 0 22 2 2 4
(¢) scretched * 3 5 12 4 5 1B 5
Digitaria :
(a) intset fruits 2 28 6 2 2 4 - 8
(b) "™ ecaryopses 24 BN . BB -2 Nk 2R o4
(e) scratched " 70 P SR 8 T BREN 64

- - — -

In the case of the Sporobolus, in which practically
all embryos end seed-coazts were inhibiting germination, ss shown
by the controls, the intact caryopses were benefited in compari-
gon with sceratched mryopses, Qt the 4 hour periods of 10 and 20
atmospheres. This response is not easily accounted for. The
results with the Digitaria would appear to indicate that also

| in f s
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CONCLUSIONS
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This paper refords the results of studies conducted
over & period of several years on certain gggg?problems, which
have presented thsmsalyeS‘in;the ecourse o}méndeavours towards
the more profitable utilization of indigenous grasses. These
studies deal largely with the question of -suitable methods for
the overcoming of delayed germination (III and IV), but also,
in a preliminsry way, with the seed-setting propensities of &
number of these grasses énd of seleetions (I). Moreoier, the
extent and the apparent causes of delayed germination were
studiad. In sddition, certain resulté‘obtained from studies
conducted on the actual germination of seed during the oon-
‘dition of delayed germination, are given (I). For tha sake
of a better appreciatién of thé problem, an effort has been
made to present the scope thereof as.rsvealed by the literature.

The seed-setting studies were, as far as possible,
made under conditions of naturszl pollination, but owing‘tor
early shedding in fhe panicums in general, the individual heads
had to be covered shortlj after snthesis of the earlier flowers,
thus necessitating daily shakings of enclosed heads. The re-
sults, based on heads enclosed on small demonstration plots,
show, on the whole, great variability in the seed-setting
ability of individual ecotypes and selections. The N'Gamiland

Digitaria /.
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Digitaria ecotypes included, were selected for good seed-setting
and the values recorded,therefore, do not refleet the true po-
gsition within thisrgenns, the eaotype& of which are, on the
whole, poor.seeﬂers. the majority setting seed sparingly, while
a few apparently set no seed. General experience wuld indicste
that seed-setting ability is not restricted to species boundaries.
On the pther hand, the best seeders in this genus would appear
- to originate from the driér regions, whieh faet is, to some
extent, brought out in the data resented, although ecotypaé
from the same geographical région may vary very cansiderably
in this respect. Some excellent seeders have been revealed,
though in the majority of cases extreme variéhility is dis-
played within the ecotypg, which is not readily accounted for.
The "makarikeri" selections (Panicum goloratum ?) exhibit great
_ﬁiffer@noas in seed-setting between 1hdiv1dua1 gselections, wvary-
~ ing from 1 - 71%, indicating that mueh scope for improvement
exists. On the whole, variability within this series is rea-
“sonably low, which is alsé somewhat the case with the 10
Chlorik gayana ecotypes, of which one éhows a very low value
for seed-setting. The variability in the Cenghrus ecotypes
is extreme, both as regards individual ecotypes and within the
group as a whole. Judging from she date on Digitaria Smutsii,
it would appear that season may have a very big influence on
seed-setting, which agrees with experianée in the field. In
eantraét to the Panicuﬁ selections, those within the
D. Smutsii group show little variation in seed-setting ability.
Diseasé is a very important factor in the seed—settiﬁg of
native grasses.

Germination studies were so far only possible with
seeds which were in a condition of delayed germination. Under
these conditions 1t'has been found that alternating temperatures
may pfoduee considerable increase in germination, as compared

with even temperatures, which in no case have been

able / ..
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able to effect complete germination of any kind of seed, still
in the condition of delayed germirnation. The requirements of
various kinds of seed, in regard to alternating temperatures,
varied ﬁith the kind and age (i.e.gondition of after-maturation)
of the seed. Under the conditions of the present tests, it

was found that certain kinds of seed could not be stimulated

by any of the temperature combinations employed. Lack of re~
sponse in this connection was not restricted to genus or species,
so far as the results go. Even after certain treatments hed
given fairly successful stimuletion, alternating temperatures
could still induce further 5ﬁimulation in certain kinds of
gseed, though not in others.

Low éemperatures of 15°c or 20°¢ so far appear not
to be of any value,for the improvement of germination capaecity,
even when the mbisture content of the sand was véried with the
15° temperature and, as far as experience goes, this also ap-
plies to even temperatures of 35° and 40°¢C. Pre-cooling at
[ 1-1 5°c for various periods induced favoursble response 1n'one
of the two kinds employed, the most favoursble paripd appearing
to be about 2 weeks. W1tﬁin reasonable limits, the moisture-
content of the quartz sand used during pre-cooling, had no
distinet effect on the course of germinafion.

Light (diffused) may have an influence on the germi-
nation of certain kinds of seed and this may be quite appreciable.
0f the several lines of seed examined for light requirements,
the larger number appears not to be sensitive to it. As regards
the light-sensitive types, the majority so far germinate better
in the dark then in the light, but on the other hand, light
was fgvourable to a2 Setaris (5.296) ecotype. KHO3 may have
a favourable influence on certsin kinds; for others it was
found harmful. In the last-mentioned species the favourable
effeect is, however, only obtained in light, not in the dark,

| with / ..
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with whieh the effect is harmful, whereas in certain others
the reverse seems to be the case. With the seme oonoen%ration

of MgCl,, MgS0, and NaNOB, the last appeared to be harmful in

4
light, the others giving responses about equal to water, both
in light and in dark.

A very large percentage of seed-setting ecotypes
were under observation for the progress of their delayed germi-
nation and everyone so far has exhibited this characteristiec,
which was found to vary from less than 2 months in the "Peddie®
ecotype (Digitaria), to over 3% years for other ecotypes of
this genus. Arter the latter period it was still found that
certain ecotypes were showing a germinability of only 1 - 10%.
Resistance to germination does not seem to be restricted to
certain genera or to ecotypes from a particular geographical or

ecological region, and ecotypes of the same species, as for

example Chloris gayana , may exhibit extreme differences.

Under the conditions of storage employed (both outdcor and
indoor), the course of delayed germination is seldom a smooth
. eurve, Sudden rises znd falls may be experienced, the former
. occuring mainly with the advent of summer. Recovery, partial
or complete, is often obtained. On the whole, delaygd germi-
nation is protracted.

An snalysis of the spparent causes of delayed germina-
tion has revealed that both seed-coats and "embryos" play a
part in all the genera so far studied, the repsective roles;
however, varying markedly in different kinds. In Echinochloa,
Chloris gayana and Digitaria, as well as certain ZFanioum
ecotypes stgdied, the “Embryos" soon take the lead in the dis-
continuation of inhibition, the seed-coats retaining their re-
sistance for much longer periods. In the seed of the ecotypes

of the Brachisx a, Sporobolus and the majority of those of

the Paspalum under observation, the inhibition of the "embryos"
45 S e
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is only gradually discontinued. Rarely, apparentiy, do the
two factors cezse to inhibit germination gimultaneously. In
the Urochloa, the embryos apparently continue to remain a
hindrance to germination, even after about 9 months or more,
when the removal of the caryopses (with bregking of seed»ooaté)
gave 88% germination. ZEmbryo retrogression, ss indicated by
declines in percentage germinability, occur with the advent of
spring and summer and seems tolbe a fairly general phenomenon
with a number of the ecotypes studied. :

The seed—coat factor would, therefore, seem to be
a much more important one than the "embryo™ factor in the re-
sistanoe of these seeds to germination. In Taet, it was found
that 3% years old Digitaria seed, germinsting under 15%, had
already lost about 30% viability; +that is, when apparently
89% of the seed-coats were still unready. Suech an analﬁsis is

considered to be of great value in the study of methods for the
. promotion of delayed germination.

A lgrge number of organic aﬁd inorganiec chemiecals,
including two growth substances snd certain of those compounds
‘which has been found effective by other investigators for the
breaking of "dormancy™ and for root formation, were tested out.
The gas and vapour tréatments ineluded both short and long
periods (up to 2 months). The majority of these chsmioéls
produced stimulation st certain coneentratioﬁs and periods.
Usually only one or two ecotypes were under observation. Several
of these chemicals showed excellent stimulation. For example,

002 gave 59% inecrease over its control after 2 months, with
 Panicum minus F.14. Hﬂez‘vapeurs similarly secured a 53%
inerease with Digitaria seln.24-3. In the same way a 41%
inerease was registered by Digitaria C.1 with 02 treatmgnt.
At 4500 these gases were very harmful after thé second month.

Vapours of thioacetic aecid, carbon tetrachloride and

athyl / e
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ethyl thiocyanate gave 40, 43 and 35% stimulation respectively,
with the resistant seeds of Digitaria '24-3, NGE yielded ‘
over #40% increase with Panicum ¥.l4. Soaking in clpha naphta-
lene aoétic acid and beta indolyl acetic acid, though giving
good stimulation with the one kind, was, if anything, harmful
with the other. On the whole, gas and vapour treatments seem
to offer better chances of success than solutions.

Extensive studies were made of physical methods for
the haetening of delayed germinatién, particular attention
baiﬁg given to temperature effects. 1t was found that con-
tinuous exposure of seed (dry) outdoors (sunlight), gave marked
stimulation with certain lines after several months, the
amount and the period for maximum stimulation depending wupon
the kind and, so far as can bé ascertained, on the age of thé
seed, but, no'daubt, on other conditions &s well, such as the
time of the year. Germinability may, however, detafioratal
very rapidly, even before full gtiﬁulat&on could be attained.
The favourable effect does not appear to be one of wavelength
only, if at all, since with the use of various "filters",
yvellow and "darkness" treatments gave far better stimulation
than red, for the Setaris seed used, - and since, moreover,
another treatment outdoors, without direet exposure, realized
equally good stimulation. In shade, 0 and 50% humidity proved
of little value, the 90% appearing very deleterious. Exposed
to sunlight, the O humidity was apparently also of no value,
whilst 50% humidity, though initially beneficial for certain
kinds of seed, brought deqline of germinability to all seeds
after 4 months. On the whole, restriction 6f both, aeraticn
and humidity, at the degrees used, were apparently far less
beneficisl, or even harmful, as compared with free aeration and
unreguiatsd humidity, both in shade and in sun, outdoors. The
more resistanﬁ seeds were, on the whole, stimulated less than

the / ..
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the less residtant seeds. Aeration would seem to be an important
factor. _

Storing seed at 0%, 50% and 90% humidity, as well as
under conaitions of complete aeration and in a sealed atmbsphere,
inside a refrigerator, indicated rather variable responses for
aifferent kinds of seed, so thet the relative merits of these
trestments remain somewhat obseure, although distinetly harmful
effects were discernible in the case of the less resistent kinds
of seed after four or more months.

When, horever, these conditions are repaated at
higher temperatures of 250, 350 and‘#Eoc respectively, tpa
hermful effect of 0%- and 90%-humidities are clearly demonstrated,
particularly the latter, upder which seeds loose germinability
in a few months' time. The 50%#-humidity, though still having
some stimulation velue at 35°G, has a deleterious effect at 45°¢,
the seeds loosing their germinability after 2 to 3 months. A
sealed atmosphere appears to be more favourable than any of the

controlled humidifieg, but the best stimulation was realized
| with seeds receiving asration, there being, apparently, iittle
to choose between 35°C and 45°C. A few of the lines employed
- the Urochloa and ecotypes of Papicum and Digitaria -
were very resistant and were, moreover, not at all or only very
slighfly 1ﬁfluencad by these treatments. The use of extreme |
alternating temperatures [259 and 4560; and 28° and 65°0C) 7
appeered to be no more favourable for the hastening of delayed
germigation than the higher temperatﬁres, employéd eontinuously.

The value of various wamm temperatures (28°, 40° and.
5000) for the improvement of delayed germination of fresh seed
of various kinds, when subjected to these temperaturé% for
1 - 2 months and thereafter kept at foom temperature, was also
studied. It was revealed that for the ecotypes of Digitaris,
Panioum and the one species of Paspalum utilized, the

method / ..
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method proved to be of little benefit with the periods tested
out, even after about ¢ months: The Faspalum ndtgyum seed
was, however, benefited by a 60 days' treatment at 40 and 5000,
so that a period of 30 days is perhaps too short for these re-
sistant kinds. A 76 days' period at 50°G with one rhodesgrass
ecotype gave about 70% stimulation 2 months after the heat
treatment, the germinability dropping subsequently. Pre-treat-
meht at 20°C would appear, to be of no value and 28° after
harvesting is, if anything, favourable for thisracotype.

Heat at 65°C gave fairly good and quick st mulation
with the several ecotypes employed, the period needed for maxi-
mum -stimulation varying with the ecotype. After sbout 70 days
the germinability exhibited complete deterioration, which may,
however, not necessarily signif{ loss of viability. | | :

The value of heat (65°C), cold (2°C). and sunlight,

. in single combinations with each other, slternated for varying
periods and also heat and cold, used as pre-treatment, for
varying periods, with both outdoor (sunlight) end room storsge .
were slso lnvestigated for the ilmprovement of delayed germina-
tion., The responses obtained with the 3 kinds of seed used

were very variable; sfimnlations of as much as 80 to 90% were,
however, reaslized. The heat and cold slternations induced the
best stimulation with the Digitaris and Setaris , but this
was followed by sudden end complete deterioration of germinability.
In all combinations with sunlight, the Panicum outdoor control
eventually equalled the stimulation obteined with the treatments.
Pre-cooling with both room and outdoor storage was’ of great
benefit only to the Digitarias and particularly with room
storage. |

With sosking and drying es well =s with soaking,

fairly good stimulation was realized with certain kinds,‘but
| hot-water, soaking and freezing, ultra-violet light and radium

oxide / ..
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oxide treatments were, so far as these studies go, of little or
ne value. Breaking the seed-coats mechanieally, by méans of
rubbing, geve marked stimulation, but the small size of the
caryopsés of most of the native seeds and the close envelopment
of seed covefings (bracts) would seem to be very unfsvourable
racﬁors from a practical standpoint.

Though it has not been possible to standardize methods
for overcoming dﬁlayed germination, as an outcome of these
studies, valuable information has been accumulated, which should
be very helpful not only in further studies, but also in our
rutufe needs, so far as the more practical aspeets of our in-
vestigations are coneezned; ¥hen seed supplies of useful eco-
types and selections become available, not only will it then
be possible to undertake certain 1arge-scéle studies along the
lines already indicated, but it will then becogie necessary to
~ adopt suitable storage messures to bring about the desired
ageing within ressonable time. If germination capacity is not
high enough at the time of the first planting season, it ﬁill
be desirable to keep the seeds over until the following season.
Two or three months of outdoor expogsure should contiribute ma-
terialiy to the improvement of the germinability, without in-
curring mueh risk of loss of viability.

. Although the problem is perhaps more complex than
one would wish to think, particglarly where seed in a condition
of delayed germination may be looked upon as being composed of
vadn ous phyaioiogical groups (the size of these depending uﬁoﬁ
the stage of after-maturation), it is ﬁevertheless possible that
it will eventuslly, in practice, solve itself.

Finaliy, the mein results may be briefly summarized
as follows :=
1. Seed production is very variable, the majority of the as-

sembled ecotypes being low or poor seed-setters, hut_good

scope for improvement would appear to exist..:

2, / s
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2. The germination of seed in a condition of delayed germination
wag largely or partly affected by such methods as alternating
teﬁparatures, pre-cooling at 5°G, regulation of light con-
ditions, KNOB,and breaking of the segd-coats, though so far
not by temperatures of about 15°C or 2000. Seed coverings
(bracts) may form a hindrance to gemmination in eertain

scotypes.

3. No species (ecotype) showed immediate germination, the dura-
tion of delayed germination varying from about 2 months to

well over 3 years, and may be a good deal longer.

4. In all gemera studied, both seed-coat restrictions and
"embryo" inhibition were found to be responsible for the
obgerved delayed germination, the Tormer having shown itself

to be the factor of longest duration.

. 5. TFor the purpose of overcoming delsyed germination, 002,

0,, HNO,-fumes, NO,, CCL,, thioacetic acid vapours and

ar :
solutions of the growth substances alpha naphthalene acetie
acid and beta indolyl acetic acid, were found to be the

most effecetive chemieal treatments.

6. Of the many physical treatments employed fdr overcaming
delayed germination, outdoor exposure - insolation, as
well as indirect exposure to sunlight -, heat, alternations
of heat and sunlight end of heat and cold, and also soaking,

produced merked stimulation.

In conclusion the view may be expreaseé that though
the results appear to‘he contradictory, this is perhaps to be
expected, not only in the light of the results of other workers,
but also from the findings hers reported in regard to the
causes of delayéd gerﬁination. It would thus seem that direct

and indirect evidence lend support to the viewpoint that, within

o/ e
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a single semple, seed - in & state of delayed germimetion -
is composed of physiological classes, each, so to say, re-

quiring different conditions for overcoming delayed germination.
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Ponicum sp. (Makarikari)
(Jan,1938, )
Put in sun 2/5/38.

/' \\. \\

oS J
Setaria B3-3. / \ /

Tl 26/?/&}7 / \\ \_//

MONTHS OF TREATMENT

Fig. 1A, (Test no.,1). Curves show1ng the effect of outdoor expo-
sure (in sun and rain) on the course of delayed germination of
Digitaria lines 12-8, 8-1, and 24-3§ of ecotypes A23 and D233 of
Panicum maximum APM, of Paspalum scroblculatum A290z of betavla
sphacelata H10., Seed was spread out on wire gauze trays, placed
on the bare ground,

1B. Curves showing the effect of sunlight on the delayed
germination of Setaria B3-3 and Panicum sp. (Makarikari). The ct
trols did not exceed 40% and 10% resp.

B 7-11.

PERCENTAGE GERMINATION

e
M O NTHS OF.TREATMNEHZNST?T

Fig. 2.(Test no,2). Curves showing the effect of exposure of
Digitaria lines 12-8, 8-1 and 24-3, ecotypes A23 and D23, of
P.maximum APM, of P, mlnus B7-11, of Setaria sphacelata HIO and
of P, ecroblculatum 4290, in muslln bags, placed in a glass dish
with loose-fitting glass cover, outdoors, on the course of delayec
germination.

f
!



University of Pretoria etd — Liebenberg, L C C (1942)

- 172 -

sl Ahie

PERCENTAGE GERMINATION

_§ L b b B I Tl R
|
\
3

Fig. 3. (Test no.3). The course of delayed germination of seed of
Digitaria 12-8, 8-1, A23 and "Molopo}! of P, minus B7-11 and of
Sesvhacelata H10, when kept in muslin bags plaeced in a sealed con-
tainer with O humidity, exposed outdoors.

A23,

.

i L

TEST a&.

=&, X e WA ] S

PERCENTAGE CGERMINATIORN
_—

OF TREATMENT

Fige 4. (Test no.4). The course of delayed germination of seed of
Digitaria 12-8, 8-1, A23 and "Molopo", of Panicum minus B7-11, of
Panicum maxfmum APM and of Setaria sphacelata H10, when Kept in
muslin Dags placed in a sealed glass container with 50% humidity,
exposed outdoors.
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Fig,5.(Test no.6), The course of delayed germination.of seed of

Digitariag 24-3, 12-8 and 8-1, of Digitaria ecotypes A23 and D23
of Penicum maximum APM, of Panicum minus B7-11, of Paspalum y

serobiculatum A290 and of Setaria sphacelata H10, when kRe kept in
muslin bags, placed in a jute bag (not exposed to rain), outdoors.
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Fig, 6.(Test no.7). The course of delayed germination of seced of
Digitaria 12-8, and A23, of Panicum minus B7-11, of P, maximum APM,

when kept in shade in a sealed glass container with O humidity,
outdoors.,
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Fig. 7. (Test no.8). The course of delayed germination of seed of
Digitaria 12-8, 8-1, A23 and "Molopo! and of Setaria sphacelata
HLO, when kept in a sealed glass container with 50% humidity, in
shade outdoors.
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Fig. 8,(Test no,9). The course of delayed germination of seed of
Digitaria 8-1, A23, and D23, and of Setaria sphacelata H10, when
kept in a sealed glass congainer with 90% humidity, in shade ,
outdoors.
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Fig. 9, (Test no.1C), Showing the course of delayed germination
of Digitaria,lines 12-8, &£-1 and 24-3 and ecotype A.23: of

Setaria sphacelata H,1C3; of Panicum maximum APM and of Panicum

minus B.7-11, when the seeds were kept in muslin bags, placed

in a glass dish with glass cover (permitting air eirculatio), in

shade, outdoors,
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Fige 10, (Test no.13). Showing the effect of sealed outdoor
storage, in a tin, on the course of delayed germination of
seeds of Digitaria lines 12-8 and 8-1 and of ecotypes A .23
and D.233 of Panicum maximum APM; of P, minus B.7-11 and
of Setaria sphacelata H.1C.
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MONTHS oF PTREATMENT

Fig, 11. (Test no,14)., Showing the effect of outdoor storage in
tin, permitting air circulation, on the course of delayed germina-
tion of seed of Digitaria ecotypes A23 and D23 and of line 12-83
gf g%%icum maximum APM3 of P, minus B7-11, and of Setaria sphacela-

2 010,

3 8

GERMINATION
2

8

PERCENTABGE a
\

Fig. 12, (Test no,15). Showing the effect of placing seed in
muslin bags kept in a brown paper bag outside, on the progress of
delayed germination of Digitaria ecotypes A23, D23 and "Molopo"
and of lines 12-8 and 8-13 of Panicum maximum APMj of P, minus
B?-11 and of Setaria sphacelata H10.,
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Sel. 8-1. "Inkruip".
(Digitaria sp.)
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Showing the effect of 7 outdoor treatments on the course

of delayed germination of seed of Digitaria Iine 8-1, The numbers
of the graphs refer to the even-numbered treatments described in

the text.
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PERCENTAGE
2

5 7 -] 8 10 11 12 13 14 15
MONTHS OF TREATMENT

ﬁg. 14.

Showing the effect of 12 outdoor treatments on the cour—

Se of delaye@ germination of seed of Setaria sphacelata H10. The
The numbers of the graphs refer to the even-numbered treatments
described in the text.
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Fig.15, Showing the effect of 12 out-door treatments an the course of
delayed germination of seeds of Digitaria line 12-8. (The numbers of

the graphs refer to tie even-numbered treatments described in the text.)

Sel. B 7-11.

Eanicum minus var. planifolium Stapf.
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Fig.16. BShowing the effect of 10 out-door treatments on the course of

delayed germination of seeds of Panicum minus line B.7-11. (The numbers

of the graphs refer to the even-numbered treztments described in the
text.
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Fig., 17. Showing the effect of 8 out-door treatments 6n the course of
delayed germination of seeds of Panicum maximum APM . (The numbersof
the graphs refer to the even-numbered treatments described in the text).

OF GERMINATION

PERCENTAGE
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FPig.1l8. Showing the effect of 8 out-door treatments on the course of
delayed germination of seeds of Digitaris ecotype D.23. (The numbers
of the graphs refer to the even-numbered treatments described in the
text.) :
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Fig, 19. The effect of 11 outdoor treatments on the course o

R i : = TS a : € course of
dedayed ge:fmination of seed of Digitaria A23, (The numbers of the
%Z;%hs refer to the even-numbered treatments described in the 3

Fig, 20. The effect of several outdoor treatments on the ¢
of delayed germination of Digitaria 24-3 and Molopo., (The m

f the graphs refer to the even-numbered treatments descri

the text.
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Paspalum scrobiculatum
A280.
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Fig. 21. BShowing the effect of 6 out-door treatments on the course of
delayed germination of seeds of Paspalum scrobiculatum A.290. (The
numbers of the graphs refer to the even-numbered treatments described
in the text.)
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Fig.22. (Test no.1l6). Showing the effect of placing seeds Im muslin
bags kept in & brown paper bag, indoors, on the progress of delayed
germination of seeds of Digitaria ecotypes A.23, D.23 and "Molopo"
and lines 12-8 and 8-1; of Panicum minus B.7-11 and of Setaria
sphacelata H.10. :
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Fige 23. (Test no. 18). Showing the effect of keeping seed in 2
Sealed glass container at 50% humidity (in a domestic refrigerator)
on the course of delayed germination of Digitaria A23, D23, 12-8
and "Molopo"j and of Pgnicum minus B7-11, :

(Test no.19). The course of delayed germination of seed
of Digitaria A23, D23, 12-8, 8-1 znd "Molopol} and of Panicum minus
B7-11, when Xhke sEed kept in a sealed glass container at 90% humi-
dity, in a domestic refrigerator.

no. 17. no.. 20,
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Fig. 24, (Test no.17). The course of delzyed germination of
Digitaria A23, D23 and 12-8 and of Pgnicum minus B7-11, when the
Seed were kept in a sealed glass container at C humidity in a
domestic refrigerator.
(Test no.20). The course of delayed germination of
Digitsria A23, D23, 12-8 end "Molopo"and of Panicum minus B7-11,
en sSeed were kep% as in the previous but uhcontrolled humidity.
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Fig., 25.(Test no.2l). The course of delayed germination of seed
of Digitaria A23,D23, 12-8 snd "Molopo", and of Panicum minus
B7-11, when kept in an open container 1n81de a domestic refrigerat-
or.

(Test no.24). The course of delsyed germination of seed
of Digitaria A23, D23, 12-8, 8-1 and 27-9, znd of Penicum minus
B@~11, when kept in a sealed glass container at 90” humidity in-
gide an incubstor running at eca., 25°C.
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Fig. 26. (Teat no. 22)., The course of delayed germination of seed
of Digitaria A23, D23 and 12-8, and of Panicum minus B7-1], when
kept in a sealed glass continer at O humidity inside a 25 C incu-
bator.
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'Eig;é7 (Test no.,23). The course of delayed germination of seed of

D1 itaria A23, D23, "Molopo", 12-8 sn@ 8-1, and of Psnicum minus
BY-11,, when kept 1n a Sealed gless container at 50% humidity inside
a ca, 85°C, incubator.
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Fig.28.(Test no, 26). The course of delayed germination of seed of
Digitaria A23, D23, "Molopo} 12-8, 8-1 and 27-9, znd of Panicum
minus B7-11, ghen kept in an open contalner inside X an incubator
run at ca. 25 C.
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Fig.22.(Test no.27). The course of delayed germination of seed of
Digitaria A23, D23, and 12-8, and of Panicum minus B7-11, vhen kept
in a sealed glass container at O humidity in side an incubatof

run at ca., 85°C,
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Fig. 30.(Test no.28), The course of delayed germination of seed of
Digitaria A23, D23, "Molopol 12-8, and 27-9, of Psniecum minus

B7-11 and of Echinochloa pyrsgmidglis Bl4-1E, when kept in a sealed
glass container at 50% humidity insfde an incubator run at ca.38°C.
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Fig, 31. (Test no.30). The course of delayed germination of the
Seed of Digitaris 423, D23, "Molopo", 8-1, 12-8 znd 27-9, of
Panicum minus B7-11 znd of Echinochloa pyramidslis Bl4~-15, when
kept in a sealed container with uncontrolled humiditg (sealed after
every monthly test) inside an incubator run at ca.35°C.
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Fig. 32.(Test no.31). The course of delayed germination of seed
of Digitaria A23, D23, "Molopo", 12-8 and 27-9, of Psnicum minus
B7=11 and of Eechinochloa pyramidalis Blé-lg, when kept in an open
container inside an incubator run at ca.25 C,
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Fig, 33,(Test no.32). The course of delayed germination of seed
of Digitariaz D23, "Molopo", and 27-9, of Panicum minus B7-11 and
of Echinochloa pyramidalis B14-15, when kept in a sealed glass
container at O Humidity inside an incubator run at 45°C.

(Digitaria seln. 24-3). The effect of 5 incubator treat-
ments on the course of delayed germination on the seed of
Digitarig 24-3. (The numbers of the graphs refer to the even-
numbered treatments described in the text).
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Fig. 34, (Test no33,). The course of delayed germination of seed
of Digitaria D23, A23 and 27-9, of Panicum minus B7-11 and of
Echinochloa pyramidalis Bl4-15. - /
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Fig.,35. (Test no.36). The course of delayed germination of seed
of Digitaria A23, D23 am@"Molopo", and 27-9, of Panicum minus
71T and of Echinochloa pyramidalis 314-15, when Kept im an open
container inside an incubator run at ca.45°C.

Erachiaria isachne Stapf. . | !
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Fig.,36. The effeet of 13 incubator treatments on the course of
delayed germination of Brachiaria isachne. (The numbers of the
graphs refer to the even-numbered treatments described in the

text,
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Fig. 37. The effect of 19 incubator treatments on the course of
delayed germination of seed of Digitaria D23, (The numbers of the
graphs refer to the even-numbered treatments deseribed in the text.
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Fig. 38, The effect of 9 incubator treatments on the course of

de#layed germination of seed of Echinochloa pyramidalis B14-15,

(The numbers of the graphs refer to the even-numbered treatments
deseribed in the text).
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Fig, 39, The effect of 5 incubator treatments on the course of
delayed germination of seed of Digitaria 8-1. (The numbers of the
graphs refer to the even-numbered treatments described in the
text.

Sel. 12-8, from "Inkruip".
( pigitaria Sp.)
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Fig. 40. (Digitaria line 12-8). The effect of 16 incubator °
treatments on the course of delayed germination of seed of
Digitaria 12-8, (The numbers of the graphs refer to the even-
numbered treatments deseribed in the text.

(Digitaria line 27-9). The effect of 8 incubator
treatments on the course of delayed germination of seed of
Digitaria 27-9. (The numbers of the graphs refer to the even-
numbered treatments described in the text.
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Fig. 42. Showing the effect of 15 incubator treatments on the
course of delayed germination of seed of Panicum minus B.7-11.
The numbers of the graphs refer to the even-numbered tresat-
ments described in the text.
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Fig. 43+ (Test no.46). Showing the effect on the delayed
germination of seeds of Digiterie lines 24-3 and 12-8 and
ecotypes D.25, and "molopo"; of Bkechinochloa pyramidalis B.l4-15;
and of Jetaria sphacelata H.10, when their dry segds were sub-
jecteg to alternating temperatures of 6 hrs. at 25°C. and 18 hrs.
at 45°C. ( at atmospheric humidity).
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Fig. 44. (Test no.47). Showiﬁéithe effect on the delayed germina—
tion of seeds of %;fitaria lines 24-3% and 12-8 and ecotypes D.23
C.

and "molopo™; of ninocEIoaggyramidalis B.14~15; and of Setaria
sggécelata H.1l0, when thelr dry seedg were subjected tg alter~

nating temperatures of 18 hrs., at 25 and 6 hrs. a2t 45 C ( at
atmospheric humidity).
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Fig. 45+ ©Showing the effect of ultraviolet light on the dela-
yed germination of Setaria line B.3-1 (treating dr§ seeds); and
of the effect of plain glass, red, yellow, green and blue '
*filters', used in conjunction with sunlight, as well as full
exposure and darkness treatments outdoors, on the delayed ger-
mination of Setaria B.3-1 and Digiteria seln. 24-3,
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F 46, §how1ng the effect of alternating temperatures of
8 and 65°C. on the delayed germination of Pamicum minus F.14
(treating dry seeds); and of heat (65°), on That of setaria
lines B.3-1 and B.3-3; on Panicum ecotype "makariksri®; sand
on Digitaria line 24-3,

M O ¥ T H 8 o P T R E A T M E N T (ROOM STORAGE)

Fig. 47. (Expt. 5). Showing the effect of room storage with
preheating at 65 for various periods from 2 hrs. to 50 dys.
on the delayed germination of Digitaris line 24-3, Setaria
seln, B.5-3 and Panicum sp. "makarikerli ecotype.
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Fige. 48, (Expt.C). Showing the effect of outdoor storage with

preheating at 65°C., for various periods from 2 hrs. to 50 days
on the delayed germination of Digitaria line 24-3, Setaria sel.
Be3~3 2nd Panicum sp. ("makarikari®™ ecotype).

8
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PERCENTAGE GERMINATION
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Fig. 49, (Eipt;%}. Showing the effect of room storage with
precooling at 3°C for various periods from 3 days to 6 weeks on

the delayed germination of Digitaria line 24-3, Setaria seln.
Be.5-3 and Panicum sp. ("makari%ﬁri" ecotype.) {
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ige 50. (Exp‘l:.g). Showing the effect of outdoor storage with
precocling at 3°C, for verious periods from 3 days to 6 weeks
on the delayed germination of Digitaria line 24-3, Setaria
seln. B.5~-% and Panicum sp. ("makarikarim ecotypei.

Fi 83 5l. (Expt.E). Showing the effect of alternations of heat
(65°C) and sunlight of respectively, (a) 2 hrs. : 2 days; (b)
2 days : 7 days; (c) 2 days : 14 days and (d) 2 days : 30 days,
on the delayed germination of Digitaria line 24-3, Setaria
seln, Be.3~L and Panicum sp. ("m i ecotypef when seeds
were treated dry. . :
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EXFT. F.
ALTERNATICN OF CCLD & SURLIGHT.
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: Digitoris sp. seln. 24-2, Seterig sp. seln. B3-1. Panicum sp. ("Mskarikari®)
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Fig. 52, (Expt.F). Showing the effect of alternations of cold
(3°C) and sunlight of respectively, (a) 6hours: 2% days; (b)

2 days: 7 days; (c) 2 days : 14 days; (d) 2 days : 30 days, on
the delayed germination of Digitaria line 24-3, Setaris seln.
B.3-1 and Panicum Sp. ("maIEa%m" ecotype).

EXFT: G.
ALTERNATION OF HEAT & UBLIL. .
. Digitaris 'sp. seln.24-2. Setarip sp. seln. B3-1. Penicum ‘p. ("Makerikeri®). |
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Pig. 53. (Expt.G). Showing the effect of alternations of heat

(659) and co 1d (3°C) of. respectively, (a) 2 hours : 22 hours;

(b) 6 hours : 18 hours; (c) 12 hours : 12 hours; (d) 18 hours :

6 hours; (e) 22 hours : 2 hout s, on the delayed germination of

Di%’taﬁ.& line 24-3, Setaria seln. B.3-~l and Panicum sp. ("ma-
* ecotype) when seeds were treated dry.
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Table A. The effect of various outdoor and indoor treatments
on the course of delayed germination of Digitaria ecotype
"molopo" (¥XM.), as shown by the monthly gerﬁinatian percentages.
The number of treatuents refer to the even-numbered treatments

desceribed in the text.

¥onthe of Treatment.

no, of 3 3 s : : 3 :
treat- 1 2 3 4 8 € 7 8
ment o ¢ § : : : : $ ¢
: : H : H : H :
3 7.2 6.9 2.2 2.8 1.6 6.1
g 0,6 g. 8.0 15.7 6.1 4,7 - -
8 3.4 8.0 7+1 6.2 3.7 -
15 0.8 3s7 10,7 18,0 18,7 188 36.1 216
16 o 0 5.6 4,9 6.5 7.0 7el 9.5
17 C 4.4 5,0 €.,6 6.2 2.6 3.7 -
18 0 2.3 3.3 6.6 6.4‘ 2.1 4'0 -
19 0 . 2.9 3486 5.4 5,3 6.1 -
20 0 4‘5 5.8 6.3 6.4 4.0 3'8 -
21 L&) 4,8 2.7 5,5 5.0 2.0 4,7 -
22 0 0 6.0 6.3 Gnl 4-1 3.3 -
23 0 O 6,1 €.6 6.3 4,3 342 -
24 O Bs7 75 33 0 0 -
26 o 1,7 8.2 9.8 12.3 12 .6 12.6 13.6
27 C 0.7 5.6 5.8 5.3 2.0 1.3 363
28 0 O 5'4 8.0 9.4 3.9 3.5 -
29 L*) 0 v}
30 1.6 3.0 8,9 13.9 Te7 Ted 6.9 -
31 0 1.7 2,2 12,8 13.8 10.2 13.3 249
32 O 5.8 6.6 6.9 4,1 3.0 3.2 4,9
33 1.7 24 6.2 C.8 C ¢ -
34 C C %] 0
36 ¢ 11,0 17.9 17,9 1%2.4 12.4 12,9 16.4
37 O 2.4 5.0 7.0 4.7 4.1 2
38 1.6 Ce3 0 O 0 -
39 0 3.0 6.5 ]..O Q? 5.1 5.7 -
40 C C C G G O -
46 0 11.€6 12,56 17.2 11,2 12,0 -
47 1.8 7o 11.1 16.2 8.9 Pe2 133 18,6

M

2 "*Qb,g

' ("""WL,‘,‘
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bered treatments described in the text.

The effect of various outdoor and indoor treatments

as shown by the monthly germination percen-

The numbers in the first column refer to the even-nﬁm—

¥onths of  Treatment,
Nno . Of : 1 H o H 5 HEH M EH 5 H - H
treat-, : 3 : 3 3 :
ment,
5 : H : H : B
: 4 63.2 - 89,0 94,9 - -
2 29,4 74,0 8l,0 93,6 85.1 -
3 11,7  80.3 74,0 723 - -
4 5 22.9 : ?0-2 73.7 2 80.2 4 - s o :
€ 23,9 75 .5 86,2 86.9 76,6 -
7 C.8 36,8 45,5 83.2 -
8 22,0 45,8 - - -
9 40;4 47.5 87.? - oo
10 3 21.7 -4 ?2 08 1 81. 7 : 75 o‘4: $ - 3 :
13 13,8 22,8 52,8 64,9 -
14 20,0 68,7 T3.2 . 82,8 -
15 23,0 75 .0 87.4 86 .7 -
1€ 18,4 3B, 45,3 56,7 66,1 -
17 ; 58,4 , 62,2 , 26,3, - , o
18 ° 13,6 ° 19,4 . 38,0 50,7 - ;
19 21.9 26.3 25.0 25.4 .
20 16,9 40,7 42,7 48,8 61,5 -
21- 16t4 27.6 4‘4.3 32 .2 -
22 . 0 : 53.0 " 35.8 3 23I8 s 6t2 ¢ o 3
23 " 20,3 32.5 " 56.6 777 59.4 -
24 21.6 37.2 73.3 3.3 0.3 -
28 23.1 28,0 66,0 55,0 58,4 -
27 37.6 42,0 32,7 24.8 -
28 18,6 49,8 70,7 58,0 60.6 -
29 : O ooy : e : :
30 26.8 37.C 78,8 68,3 - -
31 28,3 44,7 £2l.2. 82,0 -
32 47,8 €4,0 64,8 -
33 73.5 36,3 0.4 -
34 -, b} E oty : :
36 5,1 83,0 82,8 68.0 80,3 -
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Table C. The effect of various outdoor and indoor treatments
of

on the course of delgyed germinatio%KDig;tgria seln, 12-8 from

the "Kurumsn" ecotype. The numbers in the first column refer

to the even-numbered treatments described in the text.

MHonths of Treatment

no, of : : : : t 3
treat- 1 2 3 4 5 6
ment . : : : : : : :
1 6.5 - 66,1 51.0 46,4 -
2 Oe& 28,6 21.5 22,7 36.86 -
3 6.9 14 .4 12.8 13.5 3.1 -
4 5.3 35.6 34.8 51.2 20 .2 -
6 O 38,6 37,8 48.2 57.3 -
7 9.7 158.4 8,6 7.2 -
8 O 2.6 1167 1€,5 Tl -
10 ¢ 19,0 12 .8 10,2 1C,.3 -
13 b P 4 8.4 171 13.8 7.1 -
14 18,8 13,7 42,2 - -
15. 7ed 18,6 17.9 58,7 36,56 -
.16 2.'? 5.0 8‘4 1201 7‘5 -
l'? 5.3 2-8 2.6 16 .8 - -
18 0.5 1.6 4,9 12,9 14,3 -
19 Q 4,7 2.2 27.7 24,9 -
20 1;5 1().9 5},9 1{;-7 905 i
21 O 6.4 6.4 15,0 21.2 -
ege 3.7 14,1 1C.1 13,9 16,8 -
23 3.4 23,6 13.8 23,9 -
24 8,5 14,6 42,4 8.6 o) -
26 6.8 5.8 18.0 22 .4 24,9 -
4 § 5.4 Bet 14,5 14 .4 20.7 -
28 7.0 17 .6 28,9 22.8 49,1 - .

B¢ O O O

30 4.—8 14.0 25.6 32.8 35¢7 i
46 1.1 36.0 27.9 5‘:’.2 4001 e
47 B.2 28,9 85,9 32.1 l1€.2 -
31 10,6 10.5 38,1 39,2 42 .4 -
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Table D. The effect of certain outdoor and indoor treatments on the course
of delayed germination of Digitaria sp., seln. 24-3, from the "inkruip" eco-
types The numbers in the first column refer to the even-numbered treatments
described in the text.

Months of treatment.

No. of ¢ ) $ s '} ] 3 H ] F} ¥ 3 : : $ 3
treat- s 2 3 4 [ 6 7 8 9 10 11 12 13 12 15

~ment. 3 H 3 3 : L3 3 H H H : 3 H H 2 :

: 3 1.1 21.4 16.3 177 14.7 22.5 -

2 0O 4.1 268 4.5 5.0 263 2.8 2,9 22.8 20.7 18,8 17.4 13.5 De8 3.1 !
3 0 0;9 0.7 014 0-6 Qca 001 008 0.7 004 3.9 0'5 1.7 1.4 3-2

4 0 0.8 2.6 2,9 1.4 5.3 - o
a 0 1.6 4.5 3.2 9.6 11.7 2B3.2 20,3 4.3 3e7 8.0 4,9 10.2 7.8 11.2
7. 0.9 2.9 002 2.1 0 1.? 0 4] 0.5 O.5 0‘4 002 O 0 0.1 ]
8 0.3 1.5 Q¢5 1.9 0 1.2 1.2 0.8 0.6 1.0 1.7 O.4 1.3 1.0 265

9 0 0. 33 1.3 C.1 0 0 L&) 9] O Ce2 O 0 -

10 4] 2.4 2.0 0.7 Ceb 1.5 0.6 3.0 1.2 1.8 2.9 293 2.6 3.4 8.1

13 D.4 Zel 2.8 0.7 1.7 C.2 = 0.2 ST 1.0 2e¢3 2.2 33 247 Qe 27

14 Q 1.0 1-6 1.0 3.9 -

15 C 4.7 363 1.5 4,9 Ge3 Sel B2 5.5 8.4 78 Ge7 14,0 9.2 2.0

16 0 O 0.9 0.6 2‘5 196 1.7 107 1.0 1.? 1.5 105 2 2 205 102

37 O 0 1.2 0.6 0.9 0 -

38 0 5.7 3.8 0e7 O3 0 -

39 0 0a7 1.5 3.2 0e7 2.0 -

40 0 o 0 -

46 0 1.1 1.4 40? 200 400 ?'8 2.4 8-1 808 207 663 8.7 4.1 22.1

47 &) 2e1 3.0 3.2 1.1 203 1.2 248 3.2 3.0 2.6 2.8 5.8 8,3 38.4




Tabl.. E ..

ia etd — Liebenberg, L C C (1942)

University of Pretoria et

ecotype A. 290,

ﬂu ct’foe@. of certain outdoor trestments on the course of delayed germination
1 : s tum The numbers in the first aelnun refer to the

evunynumbarna treatments described in the text.
MONTHS gF *I.R EATNERT
No., of : $ 3 : gy s 3 : §
treat- ; 2 3 4 5 6 7 8 9 10 11
ment. ¢ i $ 3 A _— 3¢ :
i A 2.7 42.9 78,5 88.5 87.0 43. '
2 &) 0O 2.7 5.9 10.1 40,7 77.8 80.7 14.5 1.6 G.5
a (&) 8/ 0.2 1.1 O G O 1.2 1+9 2.2 4.1
4 O 1.9 107 44,3 56.2 1.2 0 (]
6 0.2 1.9 25.6 74 .4 83.5 92.3 80.3 34.9. 85.2 84.7 82.0
” 0 0 0.2 O 0O & U O Q Ca7 -
a8 0 0 . B o 0 (0] 0 l.4 4.6 4.8 -
=} o Germination, '
1C C O R 1.0 ¢ 0.7 2.6 43.4 734 §9.5 82.2
Table F. The effect of certain indcor trestments on the course af delaved germination
of Echinochlos pyramidalls seln. B,14-15.
MONTH 5 OF TREATMENT
No. of: ] 3 ] s s : : s 3 3
treat-: X 2 3 4 5 (-] 7 8 9 10 11 12 13 14 15
ment. : g 2 H 2 H 2 2 [ 3 3
16 - - 42.5 - - - 63.3
27 9.0 8-8 9!1 7.9 7'7 6.5 ?04 6-5 8.3 301 4.9 802 -
28 10.0 12.3 54 0 52 3 54.4 4?07 4?04 48-7 39-7 3709 - )
29 No germination.
30 14.1 17 .4 58.5 87.4 62.9 69.1 83.5 50.4 72.7 69.8 69.4 40 .4 71.6 69.7 -
31 22.7 26.0 50,3 77.0 82.4 83.0 90.8 89.4 90.0 20.9 89.7 92.5 82.1 88.4 -
32 303 905 11-8 9-2 7-9 1003 4-? 8-5 6.6 1104 1(}!5 7-7 6.8 -
33 7 38.0 22.2 7.0 2.8 0 0.1 0
34 No germination. ]
36 26.4 35.6 53.0 71.0 61.8 79.5 83:1 02. 93.0 85.7 83.9 87.3 95.56 -
46 5.9 3603 &5.4 56.2 70.6 88.4 8109 83.9 88-? 83-6 ?8.3 8‘4-6 78-2 =
47 10.0 44,1 62.0 737 68.0 78.1 85.8 64,6 96. 88.1 74 .9 85.0 9l1.2 41.9 54.8

- 812 =
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Table G. The effect of ecrtatn outdaar and 1ndocr treatments on the course

of delayed germination of Setaris srhsacelats, ec H.10, The numbers in
the first column refer to the evan-numbered {rcatments deseribed in the text.

Mmonths of Treatment.

No. of 3 % : 3 : 2 $ : 3 : 3 : E
treat- 2 3 4 5 6 7 8 9 10 11 12 13 14 15
.‘_m‘ 3 H H @ N : @ s H H H @ H
1 35.7 44.0 49.3 79‘2 5'3.3 i s
2 16..8 22.9 40.8 42,8 48.7 58.28 @ Tlsl 28.7 19,0 10.1 17.8 4,9 11.86 7.9
a 0.7 3.7 244 2.2 32 2.0 1.6 1.7 11,9 10,0 3.3 4.1 1.1 2.1
4 24-0 40.0 39 .4 31-2 13 1 g
6 14,5 33.6 44.8 T76.0 60.6 45.9 42,7 62.0 62.9 57.8 57.3 60.8 65.3 7T0.7
7 C.7 1.9 G.8 0.9 Ce7 1.0 1.6 1.5 Ce6 1.1 2.1 1.8 ds¥ X7
8 17.8 25.2 18,0 30.4 34,2 39.8 52.8 44,1 38,9 36.1 40.2 32.1 39.9 -
9 5.0 14.6 4,3 &) 0 0 O 0
10 1l.2 27.6 34.1 30,4 33.6 37.0 58 .4 55.2 38,7 43.8 44,9 56,2 51.8 54,9
13 4.1 12,5 26.4 26.1 33.6 42,3 48,8 50,6 40.3 37.8 45,7 46.2 51.7 45.7
15 13.4 33.6 50.2 42.8 56,3 58.2 70,2 68.0 63.2 65.8 64.6 62,2 62.1 67.0
16 8,86 18.2 31.2 38.2 47.8 38,9 48,7 §&66.8 83.8 62,3 71.3 61,8 58.7
46 26.0 29.6 54,9 59.0 B57.7 576 70,8 86.7 75.2 85.8 66.8 793 62.7 70.7
47 2B.2 39.6 46,7 80,7 82,7 65,7 75.2 24 .6 74.8 65.1 73.3 3.7 78.7 79.3

- 9Lg ~
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No. of 2 ) 1 [ [ s 3 3 t s ] 3 3 t 1
treat- 1 2 3 4 5 8 7 8 2 W 11 iz 13 14 15

8.0 4.7 8. 1.0 6.4 18,7 25,0 809 19.3 22,6 281.6 28,3 37,3 92.2

15 Vo2

18 4] ¢ {le4 1.1 1.2 1.2 1.8 doft  leb 2.4 2.3 37 4.0 47 4.6
37 © Cel Ca7 Veb Va7 Ueld Cel discontinued.

18 o ¢ Ce? Ce7 Cefi G Cold -

2 o 1.1 Ce8 1.8 25 Gaf Ge7 i

20 O © ¢ Ceb 1.0 0 L€ w

21 0 o 07 8 0,3 0 o "

o2 ¢ 1.3 Va7 1.5 Codt Ueb Ceb CeT Lad o ¢ 1.0 Ual 1.0 Vel
% a o ﬂ.B 42 ’3.8 {-2-7 1.9 4eH -

26 o o 2.6 23 2.8 Set 7.? 75 .0 14.7 Teb 7eb  15.8 78 1l.8
27 0 G 1.1 1.4 Ued Uofh Ued ﬁ.ﬁ Cef Ge® Ce7 Cell CeB Ueb Cef
28 C 1.7 B8 B8 847 4.1 Sef Hed 10T 11.7 8.2 110 12.7 28.8
20 fo  geraination.

30 O 1‘? Sa7 903‘3 el Hal luhr? 11.,C 1{}t7 13 ol 177 BoU 1?03 15.1 BB
31 G 1;7 Te7 Db B8 5;2 16 o 1916' ?&? 1303 33.-5 16.0 32.1 1s o2 235
32 O Ge7 1.8 0.6 T8 God 20 Ue8 2e7 1.7 Ge7 2.8 4.7 Hed del
33 o 315 16.{: 1.8 Q.s G {;'

34 o germination.

36 o 4.0 110 4,7 BB 178 17.8 03,5 14.5 22.4 28,1 32,7 31.6 7.5 3I6.9
37 o O D Ou2 10 08 - -

a8 Dol 8.3 Oe® v G ¢ -

39 Q -1“7 G.? ﬁog 1.( 1.6 -

40 Daf ¢ G o G G -

- 558 -
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Table I. Showing the effect of certain outdoor and indoor

treatments on the course of delayed germination ofﬂnigiﬁgfig
gseln. =1 of the "inkruip" ecotype. The numbers in the first

8Ps

column refer to the even-numbered treatments deseribed in the text..

Honths o f_ Treatment.

¥ N eadet (RIS

No., of ) : e ¢ ThY el ; . ,
treat~ 1 2 S . 4 5 6. 4 8 9. 10 11 L 3 13, 14 15
ment.s : 3 : " 3 s 3 s s H
i 2,4 28,5 52.2 46.8 30.8 43,2 - : s :
2 0 Ceb 2«9 4.1 15.1 6.7 175 10.0 27.9 35.4 16.8 20.8 26.2 11.0 15,0
3 0 - 1.4 0.8 0.3 0.2 10 27 4.0 4.0 12.56 6.0 9.3 4.2 2.8
4 0.3 2.4 507 15.8 16.3 16- 1 -
A -0 4,1 8.5 8.2 24,86 12,3 40,7 18.1 19.1 15.3 18B.7 18.8 18.8 29.3 32.0
7 0 06 248 0.9 0.4 Ded O Ce2 1.0 (8] OB O 0.6 0O
2 p P 3.8 141 1.6 1.8 0.8 3.4 1.8 i 29 Le? 2.7 1.8 2.0 8.6
<] 0.5 2.7 3.8 3e7 0.4 Q 0.2 . 0. 0 0 QO 0 &)
10 QO 1.8 2.0 2.7 1.9 5.4 T+6 8.0 12.4 7.1 19.7 5.9 11.8 9.5 8.5
13 O O.6 25 l.4 3.0 y 7% | 3.4 - 542 4.4 546 3.2 12.56 5.9 Beb
14 " 0 0.2 1'5 2.3 e ‘ \ ' )
156 18] 1.2 3.1 2.4 2.5 11.4 16.8 32.6 28 .3 24,9 33.4 17.4 45.7 42,9 35.8
18 0 0 2.8 1.3 1.2 2,1 6.0 4.3 4.3 5.2 5.7 8.0 10.3 28.0 13.8
17 0 O C.8 0.8 o2 Oel C discontinued.
18 0 O Q.4 0.8 O«b G2 0.2 "
18 0 0 p 8- 0.8 1.1 2.2 843 "
20 0 0 0.2 07 0 0.2 "
21 0 O 1.0 0.7 0.3 "
23 0 0 1.2 P2 2.? 2.2 4,2 3 1.5 2.6 2.7 - 3.8 3¢5 4,0
24 0 4.0 23 .6 1.6 Ceb o 0 0 C 18] -
26 0 1.3 11.0 6,2 l.4 5.7 8.6 10.4 4,2 8.6 10,3 7e6 10.1 11.6 7«9
30 O 2.3 11.0 8.1 16.9 7«3 10.7 D2 749 10.8 28.3 14.8 16.8 12.8 12.6
- 3? 0 2.4 O.g 1-5 0.3 0.3 .
38 102 17.3 7.5 1.5 0.4. 0.3 e
3% 4 2.4 2.4 1,1 1.1 C.l -
3.3 0 0 0 o

-

~ 812 -
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Showing the effect of certain outdoor and indoor

treatments on the course of delayed germination of Digitaria

8P Dy B3,

even-numbered treatments described in the text.

Eonths of

The nunmbere in the first column refer to the

Treatmen t.

No.of' s : : : : : : : : : : :
treat- 1 2 3 4 5 € 7 8 8 - X1 AR
ment, : 3 H : : 3 : : : : : :
1l 46,6 87,2 8,2 83,0 74,0 94.8 - -
2 # 48,2 82,0 57.4 72,5 63,6 81.3 78.6 32,8 32,2 12,0 =
6 29,8 49.7 52.2 54.5 63.3 73.5 ??.2 40.9 54.7 ?9.8 81.4 -
2 39,2 51,7 52,9 24.5 o 0O o
14 44.6 46.3 49.4 45.8 rs
16 31-8 69.2 4702 73.6 53906 7?.6 87.2 ?507 53.6 il
1€ 14,3 38,0 26,5 22,4 19.5 25.9 46,8 45.2 40,2 53,8 77.C 49,8
17 12.1 23,4 24,6 20,6 22,6 12.8 18,5 -
18 17.3 36.2 32.9 42,7 36,4 44,0 42,9 -
20 21.0 16,2 25,0 15,8 12,9 21,8 -
21 17,6 23,1 20.9 16,8 7.5 12.8 =
22 44,2 33.6 24,8 2,6 25,1 23,0 22,8 8,9 13,1 11.8 -
23 19,5 29,0 37,1 31,7 36,9 36,3 42.2 59.3 40,1 47.8 57.2 41,5
24 33,4 55.0 58,2 28,5 2.4 o 0
20 36,8 43,7 54,8 53,1 57.8 53,2 70,8 68,3 54,0 70.8 65,4 -
27 31.8 37.1 34,5 25,5 21,9 11,5 18,5 7.5 13,2 -
28 44,7 56,4 52,6 56,2 63.9 63,4 59,4 58,0 50,8 55,7 =
29 No., Germination .
30 23,5 48,6 53,6 75,8 65,7 €4.4 70.9 56.6 66,4 - 6l.2
31 36'3 55.6 6306 66.6 59.1 65n8 70.4 62.4 65.8 72.8 -
32 - 2202 27.1 120? e - 0
33 40.5 B4.,8 13.3 0.5 ¢ O -
34 No  Germination,
36 52.7 54.€ 57.8 64,2 61.7 71.5 82,2 87.6 64,7 -
46 22.9 5001 65.8 45.6 57-0 62.7 65.3 54.4 76-7 o
47 28,2 47.4 49.3 41.8 52,9 52,0 54,7 5€.2 66.6 45,8 -

e
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Table K. The effect of certain outdoor treatments on ‘the
course of delayed germination of the seed of Panicum maximum
ecotype APM. The numbers in the first column rtfer ta the
even-nunbered trestments described in the text..

MONTHS CF TREATMENT
3 | H H H H H & H H 3 : ' : :
2 3 4 5] 6 7 8 9 10 il 12 13 14 15
i : s $ L 3 H : H ] 3 i s H
1.3 23.0 11.5 16.8 ' 30.6 -
c.2 14.1 16.9 24.0 37.4 37.56 37.8 49.3 0.2 o U O
0.4 0.2 G o O 0
1.1 M.6 10.4 T3 13.6 0.5 - -
18.4 11.6 13.2 33.3 19.9 740 1.8 86.4 34.2 40.5  34.1 29,1 31.6 18.0
0.9 10.3 Bel = 4.9 3.1 1.1 0.7 o O 1.7 1.0 2:1 1.4 1.2 2.6
Glg -
006 4»9 8.0 1509 2040 22-1 30‘1 31-2 56.0 33-5 461-7 32.4 43-2 26:0 39-8
O 2¢4 10;0 9.4 17.1 30.8 35u2 37.1 41.4 31.9 48-1 40.6 39-5 47.7 43.7
1.6 18.6 13.8 16.6 28.8 ~
0.5 17.7 15.4 20.5 34.4 35.2 41.6 39.4 40.6 - 42,8 35.6 44.8 57.8 26.4 17.1

-oan
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Table L. Sho " the effect of certain outdeor end indoor treatments
on the course of delayed germination of Panicum minus seln. B.7-1l.
o ol R B 4 gy 8 9 0 ' u 12 i Bl T
ment. 3 283 $t H 3 $ 1

| 28,2 -

2 3.5 16.8 26. 9 46,9 603 80.2 B8T73 70.3 74.3 733 603 58.8 8.1 53.4 58.6

3 D=7 8.5 11.9 BH 1.0 12.1 12.8 184 26,0 " 18.1 204 14.2 17 .4 17.4 2U .4

4 2.8 14.0 12.8 15.4 LI ] 9.2 - - -

5] 50 .4 60.3 713 B80e5 88,2 88.3 86,3 3092 60 .6 68.8 60,8 ak . Sheh 65.8
| 8.3 75 9.5 10,9 13.68 8.7 8.8 13.7 SeH 9.0 10.9 21.7 . 4.3 6.6 1l.4
10 4.4 13.8 17.8 27.6 272 33.92 47.8 50.3 64,7 42.8 52,3 403 62.3 8l.6 62.5
13 3;2 702 8-3 14-5 908 14.5 17-3 23.7 2008 2102 1?09 1809 34.1 33-3 26&8
14 8.7 22.2 31.5 40.7 @63.0 -

15 6.9 29.4 40,2 50.9 6l.1 64.3 Tl.8 68.6 740 7C 3 807 47 8 71.2 §9.3 77 «3
15 4.0 0.7 215 16.9 23.6 26.3 28.2 39.2 372 35.4 44,1 32,3 60.3 49.6 5.1
17 3.0 7.8 10.1 Tel 0.2 10.7 9.2 discontinued.

18 2+5 29 4,0 S.1 50 6.0 5.0 "

1e D7 10.8 6.4 2T 8.3 Te7 4.0 i

20 1.8 8.0 2.2 3,3 5.9 8.4 8.2 "

21 1.3 1.8 30 5.1 5 7 4,8 5.0 "

22 . T9 18,3 10.6 23.0 A 13.3 13.7 13.3 12.0 11.7 14.5 15.5 12.9 16.7 13.4
a3 2.4 0.2 8.4 11.0 15 4 14,3 20.0 14 .9 185+.5 15.2 17.u 1659 22.2 22.4 4647
24 el 6.1 12.6 i s [ 110 2.8 2.6 17 b O Ce?

26 6.8 20,3 277 48.5 54.0 5C.7 47.7 57.8 48,8 40.2 55,1 82.1 57.6 59.1 67.5
27 5.5 8.7 11,8 9.8 8.4 10.0 10.© 7.3 He4 7.0 5.8 1043 8.7 6.2 845
28 1.9 9.8 11.9 20.6 23 .8 12.7 19.8 25.2 28,0 22.2 361 24,9 27.8 34 .0 427
29 No Germination.

ad 4.1 B.4 107 21.6 32.8 29.3 2845 33.6 38.6 34.4 4.2 388 64 .3 38.7 36.9
31 121 28.8 54,8 62.2 66,3 €85.0 6347 63.7 63«7 B0 6 ¢ M 67.9 61.8 78.2 75.9
a2 y % 12.3 12.5 20,0 137 16,0 8.7 77 52.2 4.3 4.7 4,2 12.8 11.2 Q
33 6.4 15,6 17.0 11.6 4.6 ¥ O

34 0 0.8 (6] O O

38 12.4 34 .8 64,1 70 .4 72 4 82.2 81.7 83.86 375 86.8 03.4 323 62.2 91.7 84,7
2. D.6 5.2 G.1 8.8 82 11.8 -

a8 5.0 8.1 6.2 35 Pal -

a9 (€] 12,7 10,0 16..3 16.6 22.2 -

40 No Germination.

- %38 -
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Table showing the effect of preheating at €50 € , with subSequent
sunlight exposure, on the course of delayed germinatinn of
Seﬁggia 8pe Seln, B.3-3 of 28/2/36, of Panicum sp. "makarikari"
ecotype of Febr, 1938, and of Digitaria sp. seln. 24-3 of 19/3/36,
aalzndiCated by the percentage germination at consecutive inter-
ValsS.

Period 1% _germination with sunliight exposure of i  control att
0 ‘ .

heat @ : : - s : 3 t 2t be~ 3 : s

pre- 2 4 "€ ‘B 0 I8 JA4A -8 gine 2& 4%
treat- wks, wks, wks, wks, wks, wks, wks, wks., ning, mth, mth,
g 3 : 3 3 g : 3 :

ment. ; 3 3 4

e hrg. 32,3 41.6
12 hrs, 35.C 30,2
‘1 day. 24.8 24,9
2 dys, 30,5 22,6 ¢
4 dys., 36,8 33,6
€ dys. €9.2 44.4
10 dys. 59,7 €7.8
186 dys. 56,2 5.7
20 dys, 61.0 56,7
30 d.ys. 6b07 4:‘—!.6
40 dys. 58,2 48,4
80 dys. 13.0 14.8

36,4 45,4 5B.B 68,2 72,9 22,0 292.8 60,4
42.6 4346 45,7 T0.7 74.8
35.1 48,6 60,8 70.3 80.C
) 30,4 32,3 62,7 72,3 72.0
41.8 37.0 80,7 71,1 63,0
) 45 .9 54,8 57.2 65,3
€5.7 bl.2 53.7 49,7 55.3
£7.2 41.8 30,6 26,9 =
0 39,9 37.3 42,0
9 44,3 51.1 46.7
g
7

a » ®

*® ® @

8.8 9.5 6.4
1.8 1.9 3.8

B s s O O D G0 O G2 2O
mw%ygcyﬁﬂwqm
b ONRKOONG0

6]
o
®

N

PANICUM:

2 hre, 3,6
12 hrs, 3.1
l dﬂ}". 4.1

7e3 17.8
a
5
2 dySO 5.3 7
4
1
6
1

6
16,7 186
17.5 23
22,7 19,9 40,9 61.8 48,9 66.6
27.5 14.6 42.2 55,7 61,6 62,9
41.4 27.3 52,7 62.8 €2,7 €3.6
10 dys. 40,7 57.8 37.6 83.3 65.5 56,3 56,6
15 dys. 51.8 61.2 62,3 38.9 45,9 43.3 31.7
20 dys. 62,0 36,7 67,5 68,4 40,3 49,] 44,4 36.4
30 dys. €3.0 62,7 62,8 52,6 58,7 48,6 44,2 -
40 dys. 70,6 49,7 44,1 45,7 30,8 25.6 24,8 27.28
60 dys. 38.7 20,9 34,1 17.5 9.8 6,4 €.,8 6.9

5 20.2 56,7 64.0 58,2 0.7 31.8 58,1
1 40,7 56,3 56.8 49,7
8 3€,.,8 4.4 61.3 63,0
0

-
Howmbdbnw

4 dys. 12,0
6 dys. 14.8

B €3 DO

DIGITARIA: 8 (3%

mth, )

2 hrs. 33,2 18.5 52 .2 32,7 13.3 24.4 32.9
12 hrs. 22,0 19.4 49,7 71.6
1 day. 22.1 171 43,3 63.3
2 dys. 25.3 18,1 44,6 75,3
4 dys. 25.1 20,7 82 .2 61,6
6 dys. 29,7 32.5 54,7 58.8
10 dys. 48,1 40,7 57.2 €9,7
16 ays. % 60,0 53.1 48 .8 80,8
20 dys. 46 .8 35,2 68,1 €4,8
30 dys. 47.8 44,3 44,1 64.2
40 dys. 54,9 51.6 54.4 64,2
50 dys. 46,9 33.0 32.6 45,7
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Table showing the effect of various periods of preheating at 65°C,
with subsequent rocom str¥orage, on the course of delayed germination
of Setaria sp. seln. B,3-3 of 28/2/3€, of Panicum sp. "makarikari"
ecotype of Febr, 1938, and of Digitaria sp. seln. 24-3 of 19/3/3€
as indicated by the percentage germination at consecutive intervals.

Period : % __germination with room storage of: control at:
of heat

pre~ : : ¢ 3 : : : g it be- @ t g ¢
treat- 2 4 6 g 10 X2 14 16 gin- 2% 4 /4
ment., wks, wks, wks., wks. wks, wks, wks, wks. ning. mths.mths,

H : : 3 5 3 3 3 $3 3 $ :

S ETARTIA 3

2 hrs, 36.2 43.3 43.5 42,
12 hrs, 28,9 42,7 42,8 46,5
1 day. 19,6 33,3 43,2 41.:
2 dys. 19.6 46.8 40,1 3
4 5

5

2 42,4 60,3 892.7 70,
3 56.1 75,56 777 77.0

O 56.4 68.0 69,4 51.6
€ dys. 25.8 40,9 53.2 4 83,4 73.7 773 71.7
10 dys. 58,6 65.2 55.4 64.2 63.8 71.8 €2.4 64.8
15 dys. 63.3 65,7 72.2 76.1 71,86 70,7 72.92 67,5
20 dys. €0,8 62,6 70.1 69.0 58,1 58.8 58.7 65.6
30 dys.?32.0 65.8 55,1 47.9 33.7 48.7 41,1 47.4
40 dys. 60,7 64.3 55.8 42.2 35.4 60,1 40,3 45.3

60 dys. 35.2 34.6 34,0 22,2 17.0 20,8 20.7 26.5

PANICUM:

B Ars. 2.2 3.1 3.1 2,8 6.7 bH.4 4.8 3.6 0,7 5,1 8,1
12 hI‘B- 4-5 8-9 30‘? 6.4 6.1 4‘.9 ?.1 4.8
d day, 4.6 4,8 7.2 3.0 4,4 6,2 8,0 7.3
2 days 4.6 3.7 5.6 4.2 6.8 10,3 14,5 12,6
4 d}"s. 7.2 14;5 ?oc} 7»1. 17-6 22.6 26|1 -
8 dys, 13.6 4.9 19,3 7.4 17.3 33,8 30,0 26.4
10 dys. 23.6 18,56 21.2 11.4 24,3 28.1 43.8 44,6
15 dys, 41.6 15.8 58.9 25.0 40.C 52.3 4€.4 48.7
20 dys. €1.4 54,6 59.9 36.1 60,0 €C.4 55,7 46,5
30 dys. €1.8 62.3 54.2 54.3 58,0 53.0 €1.9 43,2
40 dys. €65.0 €3.9 €0,6 48,7 45.7 €3,1 51.4 46.7
50 dys. 45.8 38.6 47.2 45.5 46.4 39.3 36.7 47.3
A 3
2 hrs, 24,1 7.4 13,7 ~17.4 13.3 22.9 26,2
12 hrs. 8.5 6.1 12,1 16.9
1l day. 14,3 6.2 14,7 33.6
2 dys. 19,8 Ted 16.8 42,2
4 dys. 12.6 17.5 42.8 36.8
€ dys. 17.8 11.7 16.9 24,1
10 dys, 39,2 16.2 29.6 49,8
16 dys. 47.9 14,2 31.4 45.5
20 dys. 34.0 45.1 40,6 51.1
30 dys. 39.7 39.0 47 .7 56.0
40 dys. 47.1 39,0 556.0 43,8
65,2 63.7 46,3

50 dys. 65.7
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Table showing the effect of various periods of precooling at * 3%,
with subsequent room storage or ocutdoor storage, on the course of
delayed germination of Setaris sp. seln. B3-3 of 28/2/36, of

fanicum sp. "makarikari" ecotype of Febr, 1988, and of Digitaria sp.
Seln 24-3 of 19/3/36, as indicated by the percentage germination

at consecutive intervals,

Period ¢ E pgermination with storage of : control at:
of cold :
pre=- 3 : : s : : : : t: be- ¢

.
treat- 2 4 6 8 10 12 14 16 gin- 2% 4%
ment, wks. wks, wks, wks, wks, wks, wke. wks. ning, mths.mths.

s H 3 H £ : %8 : : :

SETARIA -QUTDOOR STORAGE
8 dys, 35.8 28,6 35,5 34.7 39,7 59.8 64.7 59.5 22,0 29.8 60.4
1wk, 39,4 31.1 20,0 31.2 46.3 64.2 67.7 72.7
2 wks, 34,9 26,3 28.4 30.9 51.23 51.8 59,7 70.7
3 wks, 34,9 32,3 33,7 34.0 41.9 57.8 67.0 58,9
4 wks, 32 4 28.7 34,3 27.7 37.6 48.9 €7.9 68.9
€ wks, 33.7 30.8 19,7 29.8 47.7 42.8 €2.2 63.6

ROCM _STORAGE ¢

3 dys, 32.2 37.4 46.0 45.7 57.9 5575‘%%.6 53,7 28,0 38.1 -
1 wk., 30.0 38.7 48.7 46.4 48,8 54,3 61.6 0.2
2 wks, 32.8 43,9 44.6 39,5 53.2 62.0 58.2 64.8
3 wks, 38.8 34,1 43.2 44.7 59,2 57,3 62,3 59,9
4 wks, 34.8 40.1 41.1 45.5 52,2 51.7 54.8 66.7
€ wks, 31.2 27.4 43,2 45,7 53,6 50.7 €0.,3 57.6

PANICUMS+ QUTDOOR STORAGE 3
3 dys. . 2.4 9.8 21.3 21.1 SETT“EﬁTE'ﬁvgg&EE.z 0.7 31.6 58.1
1wks 5,1 5,6 21,3 15.7 51.3 54.2 62,5 67.0
2 wks, 4.4 7.3 29,7 25.1 56,3 54.4 67.2 69.5
3 wks, 4,7 4.9 23.8 34,0 53,3 54,2 63.1 75.0
4 wks, 4.2 7,9 199 23.8 52,3 46,7 €4.2 65.1
6 wks, 3.0 5.8 16.5 16.9 48.4 48.1 57.5 71.5

ROOM _STORAGE :
Sys. 4.2 038 7.1 4.4 10,2 3.0 8.5 7.0 0,7 5.1 8.1
AewEs 2.7 1.5 4.3 3.4 11.5 7.5 4.9 5.6
2wkE, 1.5 2.3 3,3 7.2 11.3 2.3 2,9 6.7
3 wka, 2.0 1.4 4.7 4,8 9.5 9.4 4.0 10.5
4 wks, 2.0 1.5 4,6 2,9% 8,7 2.5 4.0 5.8
BEES. F3i3 2.7 4.3 2.7 9.8 4.2 4.1 7.7
(33
I1G R I A - QUTDOOR STORAGE @ mth,)

-3 dys. 1150 : 17.9 51.9 16.0° 13.3 24,4 32,9
1 wk, 21.8 - 16,5 64,6 22,1

- 2 wks. 17.2 18,5 48,2 11.9
3 wks, 15,0 25.8 55.9 17,2
4 wks, 18.0 19.1 60.8 13.6
6 wks, 16.9 20.1 48.9 19.3

OOM STORAGE 3
3 dys. 8,3 4,7 fs.a T 62,9 13.3 22,9 26,2
1 wk, 11.4 3.6 19,8 74,4
2 wks, 5.2 5.8 19.6 €3.6
3 wks, 4,1 5.0 23.1 72.8
4 wks, 7.6 6.5 19.C 72.9
€ wks, 5.6 5,7 19.2 72.3
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Table showing the effect of alternations ef heat and sunlight (Expt. E.) of resp.

(a) 2 hrs.:2 days, (b) 2 days : 7 days, (c) 2 days 3 14 aayn, and (d) 2 days : 30 days,
on the course of delayed germination of, (1) Setari eln. B.3~-1 of 28/2/36, (2)
Digitaris sp. seln. 24-3 of 3/3/36, and (3) Payrnﬁ'- karikari" ecotype of Febr.
1938, as indicated by the percentage germinetion at censeeutive intervals.

Control % % y 4 % % o % #® Control:Control
at ¢ after: after s after : after s after : after : after: after : at 1 at
begin- 2 4 6 8 10 12 14 16 27/6/38 12/8/38
Treat- Kind of ning. wks. wks. wks. wkSe wks. wks. wka. wks.
' seed, 3 % 320/5/38:; 3/6/38 f /7/3853; 38:28/7/38:12/8/38:28/8/38 % ...3 %
(a) Setaria 7. 20,7 3C.4 48,3 50«6 41.5 23.1 19:7 22.3 23.3 -
{b) do do 17.4 23.9 31.8 62,4 43,2 40,8 17.6 19,1 do -
(c) do o 25.8 18.1 23.9 279 385.7 49,8 31.3 378 do -
(a) do do 13.8 £1.2 21.58 34.2 31.8 44,2 14.8 27 .4 do -
(a) Fanicum GCe7 2e3 22.2 3l.4 33 51.0 52.7 §9.3 8243 2.7 8.1
(b) do do 3l 12.1 45,7 48,3 42,3 35.3 49,7 44,2 do do
(e) de do L | 17.0 23.6 40,3 45,3 42,8 @ 43.8 58.3 do do
id) _ do do 23 18:1 275 334 40,7 37.9 7148 62,1 do do
a) Digitaris %10 28.0 47.8 43.7 : - - -
(b) do do 16.0 76.6 B82.3 - - -
(e) do do 8.3 82 .4 49.7 - - -

(a) do do D7 82.0 58.4

- 82a
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Teble showing the effect of alternations of cold znd sunlig

_ ir et _of 2 light (Expt.F.) of resp.
(a) 6 hrs.:25 dasys, (b) 2 days : 7 days, Ec} 2 deys: 14 days, (d) 2 aa)s : 30 8 y
on the course of delayed germination of, (1) Setaria sp. seln. B.3-1 e¥ 28/%/3%? ?é)
Panicum sp. "mekarikari" ecotype of Febr. 1988, (3) Digitaris sp. seln. 24-3 of 8/3/36,
as indicated by the percentage germination at consecutive intervals. :

Control % ® % % 2 % - % % Control Control
at after after after after after after  after after at at
begin- 2 4 6 8 10 12 14 16 27/6/38 15/8/38
Treat- Kind of ning. wks. WKE o wks. wks. wks. wkse wks. . wks, ‘
ment.: seed. 3 % :120/5/38: 3 B/38% 1/7/38:186/7/38:29/3/38:12/8/38:26/8/38:s % s % 3
(a) ©Detaria 7.0 28,3 22,9 40.1 36.8 4347 56.0 31.4 31.9 23.3 -
(b) do do 18.6 3C.1 24.6 24,8 46,2 26.8 24.4 27.4 do -
(e) do do 16,7 41.3 47.9 52,6 43.2 55,9 42,7 4C.2 do -
(a) do do 17.8 22.5 473 41.1 45,2 46,8 3le6 31l.6 do -
(b) - 4o do 4.1 3,6 2.4 16,0 16,7 235 613 67.4 do do
Ed) do do 28.0 4.8 8.8 13:8 34,2 300 54.2 61.2 do : @
a) Bigita’ria 2318.0 14,8 32.8 32.1 - - o=
(b) do do 77 50.0 5247 - - -
(e) do do 12.5 28.9 457 - ~

(@) do do 14.4 41.0 50.2 31.58
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Table showing the effect of alternations of heat (465°C) and cold (*3%) of,
respoetively; (a) 2 hours : 22 hours, (b) 6 hours : 18 hours, (¢) 12 hours :

12 hours, (d) 18 hours : 6 hours, and (e) 22 hours : 2 hours, on the course of
delayed germination of seed of , (1) S sp. seln. B.3-1 of 28/2/36, (2)
sp. "makarikari" ecotype of Febr. 1938, and (3) Digitaris sp. seln. 24-3
of 3 6, a8 indicated by the percentage germinatien at consecutive intervals.
g ‘ ( Expt. G‘-) - ]
Control Control Control
at after after after “APteér after after after after at at
begin- ¢+ 2 1 4 ¢t 6 ¢ 8 £ 103 I8 3 24 1€ s@Y/6/38315/B/58
Treat- Kind of = ning. wks. wkee wks. wks. wks. wks. wks. wks. (room) (room)
ment.: seed. : % 120 13/ 6/ 3 _ - . LS B 38 & L. % .} % .3
(a) Sétat‘ia 7.0 27.9 23.9 45.4 29.9 3?.8 34-3 1‘417 12.9 23 03 -
) - do do 38.6 4.6 79 .3 63.1 32.6 14.1 16.5 (e} do -
(e) & do 45.9 44,7 33.8 58,2 66.2 23.5 8.1 0 do -
(a) do do 30.8 34.5 30.1 11l.4 103 LT O o do -
(a) Panfcum 0.7 0.4 8.1 5.6 7.0 11.9 33.8 11.4 26.2 2.7 5.1
(b) . O do 3.8 12.5 29.0 36.1 28.5 30.3 181 10.9 do do
(e) do do 2.8 27.4 46.8 41.6 24.6 8.4 0 O do do
(a) do do 8.1 18,0 37.3 2047 12.2 4,5 0 0 do do
(e do do 3.5 38 .8 44,2 9.0 20.9 3.9 0O ¢ do do
(ﬂ) Digitaria i‘l0.0 10.5 g 2702 49 .8 41.7 i -
(b) do dﬂ 24;8 38.8 47.8 '51-6 - £
4‘3 -~ -

fd; do do 22.8 79.1 27:3 4
do do Pisl §9.9 47.0

= &E8 ~
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Table W. The influence of various temperature conditions (during the ge 37
test), on the daily gnrminution of different 115!3 of seed. Date of tultl laf 36.

Kind of seedj; plot number :gg@gjgﬂ@ﬂgyggggg___ggg: hrs. @ 4C ; @ room 12 hrs.@ room chrs. @ roomT:Tot.
Date harvested in 1936. g b s @ 30 C. Bhrg, @ 3. 40=-42 C318hrs.@ 40-42Ciseed
_ 12ndi3rdid4thi: 5ths th:?thz.th:‘ : ' ] 18 120 322 :123:useg
Panicum:
oides, C21. 6/3.:18 .54 $t36 ¢+ 71 434131333133 -2:32:t3:1:-3134¢9:t316:1: 3 :400
Rhodesian, C75.10/3+% = - SR - ST TR T SR S Rt LR R : SRR 400
Pycoloratum, B0y TlBst v < & w e e w e w w ow e B Y RO E - - 400
do CI2, €/8.8 » 2 + 1 = = = 1 « F W @ e KR CEENEe R S 8 6 5re
do Cod, do 3 2 28 8 6 1 8 =« = E = & e e R el BLGERE e K - 300
do €97 @0 ¥ = § J = = = = e - & e = - X & B E e X - 300
do co8. do : = =k w e Wl e e W - - - B = 15 17 & 4 1 300
do Co9, do 8 = - 3 = gt S - W e o oA BRSO W, = 400
do QiB0y G912 = ¢t 1 1 43 1 3% 313318 ~~3=38o13efiji-t«-«3232312543263521«13 3 3300
do EEs 49 - WO 1B B 1 8 ¥ = e =« 1 1 € 2 X WE & X = 300
P.swazilandensis,ClOl. do ¢t 3 35 17 6 7 1 =~ - - - - v - - SRR - S 400
Pe _maximum, 53.1@@.:- - - 3 % wm  w w- - - e - o= 1 & = = ow - 300
_ do F7¢ W 1 =« o o« =« = = = = = = = = 1 = = 4 6 2 4 3 1 5400
Po M , ¥y 9938 4 % 97 2 1 2 17T 4 122 2 & 0 3B 9 &% S 28 T T ® aww
Makarikari, . B9, 9/8.: 2 17 18 S5 19 9 2 77 66 33 € Y B 7 @ & #+| 3 1 4 1 v
do C8O: d0 §$ = = = « « =« = 42 22 11 3 47 63 14 11 167 6 4 1 4 3 0O 4900
a ] ‘ '
Duni’ s, C656e 4/508 =~ 3 = 3 - 5§ - ¢ 335 2:212:135310:6¢: 71373 7:10:8133:434:32: s 3300
P.Elizabeth, D6. 12/3 3 - 1 4 » 98 43 33 3 =~ X T & & 9 = Kk . w = ¥ 8 250
Inkruip, Bie BO/S 3 » . »» "1 = @ B Y2 I B & & « & = ¥ K = 1 1 = 621
D38 160/3 1 < 2 68 - 11 8 © 4 90 lea4 60 41 8 8 2 8 4 &6 25 @67 117 48 9
Umfolozi no. 2. Al14,19/3.% = = - - 3 - - - - - - - 1 - i I © = 2 B 3 1 &5 842
N.Rhodesta CO: 18/8ut » - «» - @ T I8 14 I8 9 19 32 7 9 2 @€ 7 4 W 2 245
Inkruip sel.24-3 WS . B L e w s e owm B e o smmae e o e
do 24=5 do 3 - 1 R T S & B = 3 B s X & otk # X © 400
Chlordbigayans Fl5.25/4 :1248 56 19 - = = 27 2838 4 = : . ke e E = = - 400
§ng:&_igp_1§§3§ G37. 2/5.¢ = ¢ 1 320 $+ 8 3 18 -~ ¢ 22145:8) 282 1 6 31 73 - 313 ~-37:3:823553 -3 : 3400
sleugineGl8.25/4,: - 1 10 9 1 3 2 2 1 ¢ & ®» &5 2R 9 OE _ T 9 & 32 400
Rhodesian, H10. do : = -~ - o - - - - 2 10 5 6 - - - : A & - - 5 4 1 200

Cals»

- 825 -



Kind of seed; plot No.
Date of harvesting in
1936,

University of Pretoria etd — Liebenberg, L C C (1942)

g, ;gg tum,C9l.  7/3.
cez. /3¢

do Co4. 6/3.

o CO97. 6/3

do co8. §€/3.

do cee. 6/3.

do 100, 6/3.

P.sw md. C101l. 6/3.
P, 010 ’0102¢ 6/30
o maximum, F6. 10/3.

do F7. 10/3.

ninus Fl4, 10/83.

: 8,021.6/30

' of J 4/5.

P.Elizabeth, DS,  1A/38.
Inkruip, CI. 26/3,
D.36.10/3.

Umfolozi naz, Al114.19/3.
N.Rhodesia, c%. 14/3.

Seln.fr. Inkrui sNoR24/3.
do (3/3/36 Noaé/s.

ig. 24/31 °utﬁf%?§§/2

Spor. fimbriatusG37.2/5.
Gl8./4.

Dinl;.!l!ﬂ.lﬁ&
mm EDe HIO, 25/4,

Table X. The influence of varying temperature conditions(during the ianti»n test)
on the daily germination of different kinds of seed. Date of test 1/
AVEN TEMPURATURE OF 2309C : 6 hrs.@ +40°C : 6 hrs.@roog T s 6 hrs. @ room T :Total  No.
118 hra.@ $30° C 118 hrs.0 30 C 118 hrs. @ 409 sno.§em1-

: 13 1 & : $20 .. .
t = 3 13 =3t =t =331 ~%=3=ff=3=3=2:ag=3~3=3 R 2 1400 :
14 3 R e 2 = - 3 = - - A - R W 1 29 300 =
t 45 822 11s 653 10: 4: 2: 8 1l 3% -« t =3 29 = 8§ = 2 = § =~ 3 3 ] s 170 400 s
18 B 9 - 8 @& 1 & 1 = . = e gl 1 53X 46 300 3
g el ol TR TR (SR - - - - - - - - - = - 12 400
s 4 8 5 N - 3 1 = = = o - 1 - - - - - 18 400 3
1 4 8 3 2 - 2 == e ] - - - - 22 4 ~ 11 2 89 400 :
$ 73: 952 22: 8 1 4 t 41 3 2 2 11 ¢ - § o § e fetel]ltet=3i-3=07 s 213 $400 3
s e e I B 2 3 3 & - = g == 1 - - - 182 400 3
T - - - - I I - g = - - - 2 e = i - 4 400
: - - A TR - = - W W ow &R - 3 = 4 400 3
1 23 103 12: 6 : 2 ¢+ 53 6 3 13 34: 9 ¢+ 31 21 86 101 112 1 213 205 4 3 152 400
t 52 66 29 99 8 2 2 1 - ! 1 2 - 4 1 2 - - 4 184 400 :
P - - 1 2 - 2 1 i 3 4 A - 8 18 16 283 11 10 4 107 300 3
t - 3 13: 351 533 24: 9 1 8 3 2 12 § =~ 3 = 3 =« 31 3 )% =3 e =3 =~} 148 168
$ - e R W g agencs R gk K O3 OB S 2 = - 34 534 13
${ - 35 50 58 18 8 3 8 18 31 20 2 2 2. % R &S 257 345 3
$ - 24 195 161 84 24 10 © 3 2 3 2 5 1 5 1 - 2 428 533 3
$ = ¢ 1313 13; 22: 121 3 3 11t 5 1 2 32 13 -1t 1ls 63 -3 -3 33 63 2 o8 1eh 3
g ~ 8 5. ¥ =X % 2 & W = - = = o= - 13 375 :
$ - 1 7 5 7 1 | - - - 1 1 1 1 1 28 400 3
3 - 7 B 68 23 7 1 1 1 1 - - - - - 145 392 3
5276 2 ¢t 2 3 1 2 - ¢ - 3 : - 281 300 s
s 10 7 94 26 17 18 2 7 186 1v 9 - 2 $ & 1 30 & i 367 400
: - g8 2% 18 30 10 9 8 & 7 929 4 M4 30 23 4 10 9 é 268 400 3
1 - 4 15 8 E = mlichE g omy 13 1 3 ¥ 7 3 X W 8 2 120 200 3

- 638 =
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tmbaa‘!; The igﬁlu.nna of vari smpersture conditions (during the germination
toat), on the daily gorminatian‘gg'airfcrant lines of seed. Date ot tust: 14/9/36.

Kind of seed; plot number.. EVEN TEMPERATURE OF ¢.30C.: Ghrs. at 40 C.: At room temperatur' 18 hrs, at 40 ©
18 " " 30 C 6 ggs, at 50 C
Date harvested in 1936. =3né:5rﬂ 4th:Bth:6th:7th:Bth:9%h:10 11 :12 :13 314 215 :16 :17 :16 t20 :21 328

e

123 iused

Panicum:

P.Ehra§§;taides, G231, B/3.218%:104:18 1 9 1 L 1 B i ~s 181 lt-t<p@¢li~1=3 $ 3 : 3
odeaian, 075.10/3.: = o> A8 4 4 3 1 1 6 1 4 2 - - - i 4
P.coloratum By bl R R e 8 ml W R e L e T R R & O
do S sl a8 L W X e e L = o R K ) AR S |
do 94, do 182 B2 16 S5 4 © 2 2 1 P SR B L A SR
do 97, @0 88 38 8 5 - i - - - - - - -
do 98, do 128 310 3 6 1 3 ¢ = 1 = 1=t =~ 31l =3 =Fly $ 3 : 3 3 : $
do g99. do 786 18 '35 @& - * e wm wm - - - o=
do ¢l00. do :13 9 1 b4 - 1 - - - - - - 1
do cloz2. do :168 8% 2z 7 6 1 b4 5 i - ) 1 - 3 - - -
P.swazilendenéisClOl. do :228 60 286 8 1 4 1 - - I = = s w = I
P.naximum, B 10380 = = - = 1. = 3 8 B = 3 & = = 4
do R ;. 08 1w ¢t 1 p e g w=wtlsEt=sidlilrsBreg=3q gyl H 3 : 3
P, minus 4, 4o R0 25 16 5 3 - & & 25 1% 1 - 3 - - -
WMekarikari, G768, 9/3.:t 3 9 4 6 8 3 - =~ 18459 18 6 9 1 1 S 3 6 10 U -
do ce0. do : - - & - - - - - & - - - - - - 9 i ¥ - 15 81 80
Digltaria: ‘ -
ﬁﬁﬁﬁia, DR A . o B X S E R O ow W 2 B = B
P.Elizabeth, D5, 12/3.: 2 320 :65 60 :24 :26 : B : 2 1 4 : 4 : 3~ ~3 1z $ 3 3 : : s
Inkrulp, g, B8/5.:10 312 12 & 2 ¢ 4 4 3 1 1
n.mlliniiana, D36.10/3,:77 264 269 66 23 18 5 3 12 9 6 S 10 1 - 4
olozi no. 2, Al114,19/3.: - 2 24 57 37 16 B3 2 11 1 5 & 2 B 4 -
N. Rhodesia, B9, 14/8,s ~ - & %8 41 96 24 38 11 2 2 8 2 11 11 &
Inkruip seln.24-3. Bt » 1 & w L e N B LA = = =
do 24-5, 80 ¢ = 3 = 315 214 216 : 5 2 4 £ 8t~ S V= =1 3 : 2 : : 3 3 ]
Spor.fimbriatus, G37.85/4.:
Dipl, €le ®, Ol8.25/4.,:14 29 32 1l 4 4 3. - 2 - 1 8 & 10 10 4 8 S X 2
Setaria:
Rhodesian, HiG. d0 : @& 22 39 & 3 8 - - 9 45 7 & 2 .8 X -

e

-

.

e




