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INTRODUCTION

Seed dormancy, a common phenomenon in many apeclies of
plants, allows aseed from a given year to produce seedlings
ovar several subsequent years, The seleoctive evolutlonary
advantage of dormancy is partlcularly significant in weedy
species of temperate environments where a device allowing
the preservation of a speclies through the adverse gondi-~
tions of winter is deslirable, It pormits weedy populations
such as Polyponum (smartweeds) to succesgfully compete in
often disturbed areas, 8.8+, where land is cleared for
building or agricultural purposses, or whare natural distur-
bances, such as high water, are common,

Seed dormancy in Pplygonum has been attributed to the
hard, impermeadle pericarp and an after-ripening require~
ment (Justice, 1541, Ransom, 1935: and Timson, 1945),
Timgon (19565) beliaved that the after-ripening procese
involved an enszyme with & low optimum temperature which
attacked the pericarp from within, thus facilitating water
antry, Hemoval of the pericarp with sulfuric acid or
treatment at low temperature under molst condition enhanced
germination of many weady speoles of Polvzonum (Justice,
19413 Rangom, 19351 and Timeon, 1965)., In addition, Timmon
(1966) showed that germination in P, ganvelvulug can de
obtained quite saslly using de-apexed seed and treating

with gidberelllis scid, thiourea, uracil, thymine, adenine,

guanine, or gytosine,
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The present study was undertaken to determine labora-

tory methods of germinating certain weedy specles of Poly~
£onun comumonly found in the area of Emporia, Kansas,



METHOD AND MATERIALS

gg8d Zourcs

All study seeds of Polygenum lapathifolium L..
2. bicorne Rafe, Ea QUR Le» B mungtatum £ll.,
and P, soandens L. werw solleoted in the late summer of
1956 and 1967, They were harvested, air«dried, and stored
eithor at & C or room temperature, Voucher spscimens for
each seed lot oollection of 1967 (Table I) were housed in
the herbarium of the Kansas State Teachers College,

Serpinatisn Ieats

The dormancy-btreaking adblility of the following were
tested: stratification, X-ray exposure, ultraviclet light
exposure, continued darkness, eleoctrie current (AC), scari-
fication bty dseapexing, and solutions each of; adenine,
eytosine, guanine, thymine, «<-amylass, a dinitrophenol
(DNP), gidberellic acid (GA), indole acetic acid (IAA), or
thiourea,

Because of the variation in geramination percentages
of different seed lots of any ane apaclies, only one lot
per experiment was used unlees a limited seed supply made
this iampossidle, Seeds were prepared for the tests Yy
removing the persistent perianth and testing for inviable
lity*. Clean, theoretically viabls seed was planted in
plastic petri dishes half-filled with white silica sand

* Incompletely formed seeds orushed easily,



TABLE 1, Dates, lot mumbers, and locations of the 1957
harvesd,

Ea higorue 13 29 Sept,
[

Jequoyah Co., Ckla, 7 Oot,

* Location is Lyon County, Kansas, unless stased otherwige,
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saturated with the test solution or distilled water, T™he

petri dishes were affixed with rubber dish seals and then
placed in a Sherer-Gillett growth chamder set on a lé-hr
1ight period (27 C) and an 8«nr dark period {16 C), Ini.
tial tests consisting of ten seeds each were made and
those which indicated stimulated germination were repeated
in quadruplet using 30 seeds per plate, Seeds were gonsie
dered germinated only upon positive geotrople response by
the radicle as "false germination® was common, Data from
only those tests indicating increased germination were
pregented,

Eerneabillty Iesss
Water permeadility of intact seed of P, hisorns wae

compared to permeadbility of seed soarified by cracking
the pericarp, Dupliocate samples edch of 30 intact or
cracked seeds were sudmerged in distilled water at room
tenperature and at hourly intervals were removed, dried
on paper toweling, weighed, and replaced in fresh water,

Anhibition kv Eolvgonum Seed Exirast

The presence of a oold temperature-labdlile inhinitor
in the seed of Polygonin was tested for by observing the
effect of sesd extract upon germination of psyllium
(Elantase langeclata L.) seed, Seed extracts of P, bigorns.

Es penavivanloum. and E, sgandsng were made by grinding
2 g of seed with SO0 ml of dietilled water in a Waring
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blender, filtering, and placing one-half of each either at
L ¢ or room temperature for 48 hr, Quadruplet batches of
50 payllium seeds were planted in petri dishes contalning
filter papsr dieks saturated with 5 ml of one of the ex-
tract halvaes or distilled water and then affixed with
rubber digh seals, Thess were placed in a Sherer-Gillett
growth chambor set on a lé«hr light peried (27 C) and an
8«hr dark period (16 C) and germination oounts were made
from the Iifth through the ninth day aftsr planting,



RESULTS AND DISCUSSION

Dormancy in seeds of Pglvgouum appeared to be, at
least in part, dspendent upon seed strusture, Anatomioally
the five epecles of Polvgpnin seed studied were quite
similar, The fruit {(achens), referred to here as the
soed, oonsisted of a pericarp, integumenta, the remains
of a nueellus, an aleurone layer, a starchy endosperm,
and an embryo (Pig, 1), The aleurone layer, located in
thi cuter part of the endosperm (Justioce, 1941}, coupletely
surrcunded the endospern and enthryo, The nucellug cone
sisted of a mags of orushed cells at the base of the oeed,
Fach of the specles studied exhibited two integuments,

The embryo wag pressed into one angle of the seed and
curved in mich the came ahape as the surrounding integu-
ments and perdcarp, and was oriented within the seed with
its radicle tip at the seed's apex,

alex Rermeabllity

Cracked seed of P, higorng absorbded water at a faster
rate snd in greater amount than did intaot seed of this
specios, The cracked seeds initially abaorbed water an
averags of approximately 0,8 mg per seed per hr as compared
to 0,4 mg por seed per hr Ly intact needs (Fig, 2). A%
the end of the 37 hr test period, arnoked seeds had zZained
approximately 1,5 ng per sesd and intact seeds, approximate-
1y l.4 mg per seed, The tetest showsd this difference to
be significant at the 5% confidence level,



PIGURE 1, Achenes or PO ars
A to B, F. ABRALN B (intact and longitudinal
section); C to I, 2‘

uE (intaot, longitudinal
gection and intact ap 3

| M intaot Eoioaits
{intaoct, lmiwdiml mti.m and intact aplo ow);
1 to J, Pu pungtatunm (intact and longitudinal section)s
X %o L, E... (imaet and longitudinal section),
a, peric mﬁo:ptmo 4, integuments,
Because al moiu -uur anatonical structure,
only P, gesndang was la’uhd.
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“Heither the intact nor the cracked sseds germinated
following water absorption, thus the difference in water
abzorption, though statistically signifiocant, was not
the determining factor of germination, It eeemed likely
that the pericarp mechanioally restrioted radicle protrue~
slon subsequent to water lmbibition, In thig sense,
water imbidition may be "limited” by the pericarp and
integuments, If this were the oase, removal of the
pericarp covering the radicle tip should allow protrusion
and subsequent germination,

Ation bY Decapexing

Deeapexing of Polygonusm eeed effectively removed
the barrier to the radicle and inoreased germination
(Table 11), thus substantiating the theory of mechanieal
restrigtion of embryo growth by the pericarp, De-apexing
of the seed resulted in 80 and 8564 germination in B,
Bngtalun and pa lanathifallum respectively, Both
s Rigorng and P penayivanioun seeds exhibited 20%
gernination after de-apaxing and had exhibvited no gere
nination prior to de-apexing. 2. sgandena did not
germinate following de-apexing,
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PABLE II. Germination of 3J=-month old seed of the 1967
harvest as effected by de-apexing,

If the pericarp wers the only barrier to germination,
high percentages of germination would be expected as a
result of de~apexing. This d4id ocour in P, punctatun
(B, lapathifolium did not exhibit a high degree of dor-
mancy prior to de-apexing). Seeds of P, bigorns. P,
Rrensylvanicum. and B, agandens. hewever, appeared to
possess additional barrier or barriers to germination.
The phenomenon of “false germination” which occcurred
frequently in B, goandeng and to a lesser degree in P,
bicorns and P, pensylvanicun sugzgested that perhaps ocer-
tain compounds were present which prevented mitotic growth
after the radicle extended, or alternatively, that stimu-
latory compounds had not as yet been synthesized in adee
quate concentration for germination, It was poasidle
that radicle protrusion was simply the result of water
imbibdition and little or no actual cell growth had oscurred,
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lohibkition by Eolvgonum Seed Lalrast

Yater sxtract of Palvgomin seed was stimulatory
rather than inhiditory to psyllium seed geraination,
Untreated aseed extracts of P, bigcarns, P. pensylya
and P, scandens effectsd psyllium seed germination of
89, 95, and 84¢ respectively, whereas those extraocts
given a oc0ld treatmant effected germination of 85,5,
9245 and 91% respectively, Payllium esed germination
of 63,5% was obtained in the control plates (Tadble III),

TABLE III, Cermination of payllium seed as effected by
watsr extract of Polyauinn weed.

Extraot Daily Germination (mean per cent)

Species Treatment Day: & s 6 7 9
baorns Gold 2.5 65,0 85,0 84,5 85,5
& Home 19:3 6120 7.0 880 850
Cold 12,0 0 89,0 4] :
Nome 3.0 515 90.0 5.0 9650
Cold 23,0 88 G045 90,5 91,0
Nome 5.0 0.2 79,5 40.0 oA0

Hone 0,0

7h0 81,5 82,0 835

Thess results may indioate that germination etimulae~
tors rather than inhiditors was the critical fastor to
germination, PFurther, P, nen migun (1967 harvest)
seed extract was more stimulatory than either 2, higorns
(19656 harvest), Thie may indicate that
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storage at room temperature was more oconduoive to gynthesie

of germination stimulators than was storage at & C, or
altematively, that a dlluted concentration of inhiblitors
caused the stimulation, sinee it was shown that low conoene
trations of inhibitors say Yo stimulatory to seed germinae
tion (Evanari, 1949),

Lighx Reguirement

Light was not & requirement for gemmination of dew
apexsd Polygonum need, Stravified, de-apexed seed of
Ea Rigorua and B, panarlyanigun germinated in continuous
darkness at 83,3 and 91,67 respectively (Tadle 1IV),
germination of unetratified, de~apexed sesed of these
specien (76,5 and 90% respectively) in continuous darinese
was not signifioantly less, ue 0 the age (10 months)
of the peed ueed, proof of a negative light reguirement
in freeh Polvzonum seed was not €2 b sssumed pince light
roquiremsnts are known % b loat with storage (Miethammer,
1927, and Hayer snd Pol jakoff-Mayber, 1963),

TABLE IV, Gnm&mﬁm of stratified non-gtrati fied
14 Polyzongm seed of the 1! ?Mruﬂuotmud

Treatment NHean mm:mthm 3 8¢ and
Per Cent Cermination®

stratified (3 hr) 25,0 & 0,7 (33.3) 27.5 £ 0.5 (91,68)
Nonwgtratified 230 £ Lol (7646) 27,0 2 1.0 (90,0)
e

* Per cont germination shown in parventhesis,
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termination abvility increased during storage at room
temperature, [, hicorne seed exhibitad inoreased germing-
tion parventages due to storege at roox tomperature from
2% 3" at 3 months ctorage, up 0 70,874 at 9 months storage,
and By pengxlvanicun seed germination incressed from 13,3
to 0% in the same period (Tahle V),

TABLE ¥, Per cent germination of olym seed stored
dry for 3 and 9 monthe at room Sasperaturs se effected
by de zing in cosbdination with various pericds of

stratification at 4 ¢,

stomﬁv Stratification Per Cont Gersination
Pario Period Ea Raorne P. penmyd
month Korw 2 3
Yeeete ey 22 123
e w‘g i
1 mo 36,6 558
th None 70,8 90,0
? menthe 25 he g;:s 91.6
48 ne Qe 85,0
1 wit aas’ 9 té

This phenomenon, after-ripening, has been reportsd in
other dormant seeds as well {Mayer and Pol jakoffeiayder,
1963) and has been gonaidered to be dus to certain
phyeiological changes which ooourred during storage

at room temperature. Certain of these physioclogiosl
changes in ageing seods have been atudied in detall,
3eed gontant of asugars, amine aclds, inorganic phosphate,
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starch, and insoludle protein were shown €0 vary with
age in certain species of clover and rye (Ching and
Schooloraft, 1368), Iikewise, relative concentrations
of gormination inhibditors and stimulators in seeds were
shown to change during storage (lLuckwill, 1952), It was
not known exactly what physioclogloal ohanges oocur in
Polygonun during atorage, but it was probvable that msuch
changes oocurred resulting in the logs of dormancy, It
was intereating to note that seeds stored dry at 4 ¢
remained dormant, This low temperature in dry condition
magt funetion in slowing seed metadolism and thus the
changes that ocourred at room tamperature were reopressed,

dseatifisasion sf De-acaxed Sead

Stratification of de-apexed Palydonun seed md
germination, Stratification increased germination of ¥«
month-0ld de-uapexed seed of P, higoing and P, nanszivanigus
from 23,3 to 56,67 and 13,3 to 56,65 respeotively, and of
Jemonthwold deeapexed seed of these species from 70,8 w
88,3% and 90 to 91,6% respestively (Table V), Stratificas
tion appeared to yleld a more promouwnced effecs in stimus
lating germination of Jemontheold ssed than of Jemontheold
oeed, This wes llikely due t the relative amounts of ger-
mination inhibitors and/or stimulators in thess two ages
of sead, It might be expectad that treatment which dee
stroyed or at least altered the offects of an inhiditor
or enhanced gtimulstory activity, would have exhibited a
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less pronounced sffect on seeds already posssssing the
capacity to germinate,

Givberellic secid effoctively increased germination
of de-apexed seed of Z, hlgerns and P, soandsnse tut not
of de-apexsd seed of P, pensylvsnigwn (Table vI), Intere
pretation of the data of Table VI is complicated by the
use of two ssed lots of both P, hisorne and P, pensyivani~
Suie In botkh instances, the control and GA concentrutions
of 750 and 1000 ppm ware performad with one seed lot of
sach apecies, tut GA conoentrations of 125, 250, and %00
ppm were used on another seed lot of those species, This
change in prooedure necessitated separate analysis of
the GA offects becsuse 4ifferent seed lots are known %0
exhibit variance in germination ability,

PAMLE VI, Effect of g:mnmo aolid on germination of
M«m’m! Eglxgornn seed,
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¢ibberellis acld at conventrations of 750 and 1000
ppn increased germination of P, higorns sesd over that of
the control (62%) to 71 and 80% respectively, OGidberellic
acid concentrations of 125, 250, and 500 ppm induoced eeed
germination of 77, 84, and 91% in P, bigng. ©5Seeds of
Ea panmylvanious eerminated 94% in the ocontrol plates and
88 and 917 in CA concentrations of 750 and 1000 ppm respece
tively. Clivberellic acid concentrations of 125, 250 and 500
ppm resulted in Ro papsxlyanisus seed germination of 77,
71, and 77 respectively, P, acandeng seed germinated 5,
26, 10, 18, 18, and 2% an o regult of GA treatmenta of 0,
125, 250, 500, 750, snd 1000 ppn oconsentrations respectively,
It was instructive to note the harvest year of each of these
species® soeds and recall that seeds harvested in 1956 were
kept dry at & C, whereas those harvested in 1967 were kept
dry at room temperature, PFPurthsruere, seeds kept at roon
temporature lost thelr dormancy whoreas those stored at
b C 4id not seen t0 lose dormancy, With these fagts in
uind, re-examination of Table VI relsted the faot that only
sesd of the 19656 harvest (P, higorng and P, goandans) exhie
bited stimulated germination dus %@ GA treatasnt, Seed of
the 1967 harvest (2. mnmivwanioug). which was relasively
non-dormant, was not signifioantly effected by GA, Gibde
berellic acid was then gtimlatory to dormant PolygRruin
soed ut 4dld not enhance germination of seed which had
already lost 1ts dormanay, Oibberellin was thought %o
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function in stimulation of dormant lettuce seed germination
by promoting amylase activity which supplies the monosac~
charides for embryoc respiration (Ikuma and Thimann, 1963).
This, or similar action, alsc ssemed to be a possibdle
function of GA in breaking dormancy of Palygonum seed,

Nisxogenous Rases

Nitrogenous bases of adenlne, oytosine, and thymine,
stimulated seed germination significantly only in p,
pengylvanicum (Tabdle VII), but showad essentially no

stimalation in either P, higorne or P, scandens.

TABLE Vii. Effect of nitrogenous bases oix germination of
de-apexed Polygonum seed of the 1966 harvest.

Base ppm Nean Germination ¢ SE and
Per Cent Germination*

e 8 AT MRl o

100 24,2 ¥ 1.0 (B1) 2.0 % 109 83)

1000 0,0 0.0 .
resne 0 RThII B o

» 0 % 0O, )

100 13:8§, 35 Mi 16.5 & 0.9 i 5;

1000 10,2 # 1,7 (W) 19.0 £ 0.7 (63) 0,8 40,8

100 9.0 10h( ; 16.8 % 2.3 (s

1000 11.5 & 1.8 (38) 18.0 £ 1.5 (60) 0,0
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Adenines at concentrations of 10 and 100 ppm effsoted
seed germination in P, higorns of 76 and 81% respectively,
Although these results were slightly higher than the
sontrol (74%), the difference in mean germination was
not significant at the 5% confidence lewel, P, sgandens
sond was tested only at concentrations of O and 1000 ppm
adenine and tshere was no germination in either instanse,
Ea RAnaxlYanisus: on the other hand, exhibdited significant
increases in mean germination at deth 10 and 100 ppm
awﬁm (68 and 83% respectively) over germination of
the control (36%)., Adenine at 1000 ppm stimulated inie
tial gormination in both P, hiacorns and P, pensxiyanisum,
bus inhibited lateral root growth and subsequent seedling
development, G&ince this comcentration was toxic %o growth,
this results was interpreted as no germination., This
procedure did not relate the germination stimulating
activity of this adenine consentration howsver, and fure
ther, it was possible that normal development would have
ogourred 1f the seeds had besn removed from this concen-
tration,

Cytosine at conoentrations of 10 and 100 ppn stimu-
lated seed germination in P, higerns of 47 and 46X re-
spectively, whersas cytosine at 1000 ppe and the control
both resultad in seed germination in this species of
3%, E. pensxlmnioun seed germinated 355 in the centrol
wvhereas concentmtions of 10, 100, and 1000 ppn oytosine



stimlated seed germination in this specles of 48
63% respectively, P, ssandans seed was only sli
milated (2%) as 1000 ppm oytosine concentratimm,
was not significant at the 5% lewel, :

Thymine at concentrations of 10, 100, and }
stimilated seed gormination in P, hioarns of ¥,
365 respectively as ¢oupared %0 WE in the condy
Renaxivanigum seed germination varied from ¢ ia
control % 52, 49, and 604 in concentrations of M
and 1000 ppm thymine respectively. Although all §
tmtions of thymine tasted inoveased germinatien
ges in P, Rensxlvanious over that of the contrel,
concentrations of 10 and 1000 ppm inoreased mean
tion significantly at the 58 level, Thymine 4id)
gtimilate seed gornmimation in B, ssandens.

A possidle sxplanation for the stimulatory &
of nitrogencus basss was hsed wpon the theory of
necessity for a series of Nydrelytio snzymes 4o §
asctivated or synthesised, Suoh hydrvolysis of sarbel
drates, protains, and lipids may have provided spes
nonomers which were required Wefors aynthetio p
could take placs resulting in gemmination {Assn, 1968)¢
These exogencus Nitrogen aees might serve o inleiate ¢
byepass the hydrolytic ensyws systems whioh naturslly S
these compounds for utilisasion in subsequent synthetis. .
processes,




SUMMARY

Seed of Polygonum higerne. P Rensylvanious.

Ea punctatus, and B, ggandans poesezeed dormancy,
whereas that of P, lapathifoliym serminated easlly

in all tests, Seed dormancy in P, Junctatin was ap-
parently due to the pressnce of a hard pericarp whieh
mechanically restricted growth of the embryonic tissues,
It was theorised that dormancy in P, Ricorns and P,
Rangylvanicum was dus to inhibitors which repressed
hydrolytic ensyme actien within the sesd and/or the
neceselty for seed gerninating stimulatory compounds

as well as 2 plercing restriction,

De-apexing was found to effectively remove the
mechanical restriction imposed by the pericarp and sev~
sral smethods were found which acted to overcoms the dore
mancy thought to de csused by relative concentrations
of inhibitors and/or stimulatory compounds., Seed germie
nation of thees dormant Polyxepis species inoreased with
the length of dry storage at room temperature over a 9
month period, Ssed metadolism at this temperature was
gonsidered to alter the inhidbitory nature of compounds
which promoted dormancy and/or to initiate production
of stimulatory compounds, Stratification at 4 C also
functioned to alleviate the dormant state in these seeds,
Treatment of de-apexed dormant Polvgonum seed with solue
tiong of gidberellic aoid or the nitrogenocus Lases
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adenine, cytosine, or thymine 1likewise resultsd in inorensed

gornination, Gibberellic acid was considered to funetien
in stinulation of hydrolytic ensyme aystems within ¥iw
gead whlch provided specific monomsrs required for esdrye
respiration and growth, 3Supplying the dormant seed with
nitrogenous bases was suspeoted to have stimulated hydvee
lytic enzyme action, or altermatively, to have ty-passed
the nsed for enzymatio hydrolysis which supplied these
compounds to the embryo,
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