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SUGAR-BEET POLLEN GER'HN.ATION Ul' RELATION TO ENVIROHivGJl~TAL CONDITIONS 

:By Ernst Artsch<trager, Pathologist, Division of Sugnr Plant Investi
gations, Bureau of Plant Industry, United States Department of 
Agriculture. 

In the domestic production of sugar ... beet seed, lot't viability has in 
certain years in one district or an other presented. a serious problem in t:O.is 
rather new enterprise~ The lovT q_uelity seedY is characterized by a 
failure of embryo development • Field observations, together t·li th considera
tion of \veather records and anomalous environmental conditions. have not, 
in the absence of reoognizabl~ abnormalities in the floral structures, 
revealed the factors concerne~ in the interference with normal seed develop
ment. 

In 1936, pollen germination tests i>tith sugar beets at Fort Collins, 
Colorado~ under rather hot, dry conditions sh01rred that a large number of 
free-blooming plants produced pollen either very lO':l in viability, or 
sterile g/. These observations took on special significance 't:hen it was 
found that the seed crop in Colorado in that season had extremely lotv 
viabi li t'J, the seed J'i elds being, in general , b elmo,r average. Since the 
data, although BXtensi ve, covered only a limited. period, it seemed. advisable 
to conduct further studies throughout a "olooming season to cletermino general 
relation of pollen viability to seed q_uality. 

Fall-planted suge.r beets being gro\m for seed product! on in experi
mental plots a.t the lTew Mexico Agricultural Experiment Station Here used. 
Fifty plants were chosen as they were coming into bloom, care being t~~en 
to select not only those that were gro~ving vigorously but also small and 
s tunt ed ones. Pollen \oras collected. individue.lly from the plants selected 
soon after the first fl01.1ers began to open, addi tion8..l da:i. ly sampling being 
continued until the plants \1Gre nearly mature (April 26 to ivk:'IY 23). The 
duration of blooming period varied among the plants. the large plEnts usually 
having a longer season than the small ones. High winds which sometimes came 
up rather suddenly ~~d scattered the pollen before all samplings of a given 
day \'lere completed, are responsible for the occasional breaks i n a. series 
of obse!'VA,tions. 

In 1938 and 1939, similar tests t•rere carried out but the pollen 
collections · . .;ere made only during the height of the blooming :period. 

lJSugar-beet seed, in commercial usage, refers to the nutlike fruits or 
fruit clusters that arise as the fl01.1er s m:.1 ture. Commonly t1-ro or more 
flo\vers grow together at their bases and form a hard, irregular, d.ry glomerule 
or seed ball, the perianths hg,rdening and dr;ting do•.·m on the ovaries. The 
true seed is a small, shiny lentil-like structure -.;ofi tb. a curved em"oryo 
enclosing a peri sperm. Development of the seed ball to normal size ma.y pro
ceed irrespective of fertilization. Seed balls 10\or in v itality commonly 
show empty ovaries excep t for the brotofllish, dried-up integwnents of the un~ 
fertilized ovules, 

yunpublished dt1.ta from tests conducted in cooperation 'vl th E. E. Brewbaker .. 
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Viability tests were made by using artificial media, such a5 em
ployed by the ',vri ter in e2.rlier experiments J}. It was found best to 
pour the Petri dishes just before use. Since the sugar concentration of the 
media was rather high (40%), the latter had to be hanc:'cled 'l"rhile still hot in 
order to obtain a thin agar film. To prevent water condensation in the form 
of small droplets over the layer of agar, the dishes ~:ri th the freshly poured 
agar were allowed to cool before the covers were applied. The pr~pared Petri 
dishes were taken to the field bet\veen 8:30 and 9:30 in the mo11 ning, depending 
vpon temperature aJJ.d wind conditions. Pollen samp;Les were obtai:.:!.ed 'by holdi:-:.g 
the open Petri dish beneath a branch of the seed bush and shaking the ·o-,;;_sh 
slightl~r. The exposed plates were kept at a temperature of approximately 
30°0. There appears to be no well-de;f:i,ned temperature level f or best g or rd;na
tion. Pollen tubes develop almost as rapidly at s~~er roon te~1er~ture as at 
the lovver tenpera.turee in the beet field during the blooming season. At ten
peratures above 30°0., there is ahrays danger of the fornation of water drop.
lets fron condensation on the concentrated suge,r r.wdiun, I•Ti t h detrir.1ental ef
fects on the gr01ving pollen tubes. The po],len was left to ger2ino.te 'J.ntil 
about 4:00 in the ai'ter:::J.oon, when the plates were exar.ir,ed a..11.d the gern in2,tion 
graded as foll,ows i 0, no gernination,; 1, very poor gerr.1ination; 2, poor ger
nination; 3, fn:ir gern inotion; 4, good gerr.~in['.tion; 5, excellent gerr:lination. 

The records for the gernina.tion tests, together with t he clil:1atologic
al data for the sx-:pling period, are supnar:ized in t n.ble lo 

DISCUSSlON 

The daily pol,len ger:::ination records for the entire gr01JlJ of pl&J.ts 
ru1d the s easonal, individual records deserve consideration. Fron the first
nar.18d approach, any correlations of pollen viability prevailing v!i th cli.uetic 
conditions should. be reveo,J.ed, as i1!Bll as indicating the relative arJoU.:.J.t of 
fertile pollen available for open pollination of the flowers. The i :1c:ti v i dual 
plant behavior 13hould indicate both the anou..11.t a~1d const~ncy of ;gern:in.n.tion to 
be expected within the po~9:ule .. tian, inforr.1ation of value in breecLing nnd genet..,. 
:ics investigations. 

The dai].y gern ination record for 1937 sho1irs that, wi t !1 t h e eJ~ception 
of t\'.10 days, there was no great variation, at least not i:::p ortant enough to 
affect naterially the pollen supp ly for good seed setting. To b e su r e, the 
daily nean 1tlaS alno s t ahrays below the tl:eoret ical avor~·.ge , out thi s f act 
should have little practical significance because the anoun.t of l)ollen pro
duced is relatively lc:rge. The situation ~vas sonm·rhat different :for !•by 13 
and 18, for vrhich the nean ratings i'.1ere 0.56 and 0.11, r e spectively. If 
these ratings are accep ted as typical for the field at large, t he prob3bility 
is tha t on these two days the pollen supply was not adequate. Hay 14 [~.nd 19, 
howev er, brought ~11. arJple supply of p ollen; a~d since the s t igna of t he bee t 
flovrer i s bel;ieved to renain nor::.1ally receptive for s everal days, the f lowers 
that failed to pollinate on the days of poor :pollen supp ly were poll i nated on 
the succeeding day. 

The nean daily gerj~lination record ( ta.ble 1) for 1938 and es1)ec i a.lly 
for 1939 1:1as nuch higher than for the preced.ing y ear, even if we all oiv f or the 
f act that sa..-:rple s \vere taken nos tly duting t he hei ght of t he bloo;-Ji:-~g period. 

3/Artschvra ger, E. and Starrett, R. c. The time f actor in f ertiliza ti on and 
embryo dev elopn:ent i n the s"tilgar beet. J ourn.Agr.Resee.rch 47: 823- 843. 1933 . 
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The daily pollen supply was exce:ptior:.ally good., and only a few cultures sho1tred 
no gernination. 

A cor.:rparison of gernina-;;1on aYere.ges for individual selections in 1937 
discloses an a:p?reciable difference in :perfornance. One plant gave an excG:p
tione_lly low average of 0. 94. Its seasonal record sho1.-rs that on several d.;:,ys 
the pollen did not ger;_1inate at all; this would probably result in spotty seed 
setting u:~der isolation. Vnder ordinary field conditions, fail-~e on the part 
of a few individuals to :produce viable :pollen should not affect seecl setting 
unless poor pollen :production and lmv rece:pti vi ty on the part of the stigna 
are associated :phenonena. Eowever, such a conbinatiOJ:: is p:robabl~r r2,re, if 
fo\l.:nd at all, since all the plants studied during the season of 1937 produced 
good seed. Relatively poor pollen was produced in 1937 by 8 out of 50 l)la,nts. 
The daily gerDination ratings for these were consistently low, althou~h there 
vras sone viable pollen in all Petri-dish cultures, except on occasional days. 
On days \vhe:1 the perforn:=tncc of the high-and ned.iun .... rating inc1ivid.1.k~ls was 
above average, the poor pollen producers generally showed also a higl:er rating, 
indicating that the factors thet influence pollen viability in gm:eral have a 
favorable effect on :poor :pollen :prod·u.cers. Five :pla:.<1ts had a high- ger Dination 
rating and one had a consistently :dgh record, although its !:IGD.n was slightly 
depressed because of the zero ratings for Hay 1:3 tmd 18. 

The indi vio.1..1 .. nJ. perforr:ance during 1938 and 1939 wq,n r.mch better than 
for the previous sep.son and ext;renely lo>v ratings were absent. Hc....11y :plo..nts 
showed a consistently high rating \olhile a few 1t1ere ah1ays lo':l• It is evident 
that there is a range in capacity to prod.uce -viable pollen ar:,ong i ncl.i Yio:u.als 
and that environnental conditions rather strongly influence the sitw:1tion. 

Studies of the :plates showed, that high-gernination ratings co;:r-1only 
were associated with high-gernination eywrgtj'f With collections of this type, 
the pollen grains gerninated alr:wst ir.med.intely after "being sown on the agar, 
and the pollen tubes v1ere always very long , In cortain of the :plants solectod, 
the :pollen tubes frequently burst, a :phenonenon that v.ras found to be r.1ore :pro
nou.."llced on sone da;7s than on others. Burs tbg of energir.g pollen tubes nay 
be associated '"'i th sone change in the osnotic conce:1tration of the pollen 
grains for which the 40% sucrose agar enployed in these tes t plates was no 
longer suitable. If :pollen grains show the s~e differential reaction on the 
surface of the stignaf varieties in '"'hich this condition is pronounced r.rust be 
grouped under poor or unreliable pollen :producers unsuitable for inbreeding 
work. 

Size of :plant or vigor was BJlpa,rently not associated vli th ca.pacity for 
:pollen :production, since some small, stunted individuals :produced pollen with 
as good a germination rating as ta,ll, strong :plants. On the other hand., pollen 
quality seet1ed to be a characteristic of the indiviclua1. This may "be illustrat
ed by contrasting t\"'O individuals of the 1937 series. These plants were ad
jacent in the field and "both were unusually small. The mean germination rat
ing of one was 2.88; for the other, 2.00. 

The effect of irrigation on :pollen viability is diffic~lt to determine, 
for during the blooming season the fields are irrigated each week and the 
soil moisture is naturally not depleted. No consistent differences in daily 
germination ratings that might be attributed to irrigation effects were ob
served. From the data in table 1, it ~p:pears that for 1937 and 1938 high 
relative humidity of the air, within the ~imits shown for these tests, is not 
necessarily associated with poor :pollen germination. Pollen viability and 
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morning humidity (8; 00 a.m.) did not shm·1 significant correlation; :pollen 
ger::-::ination and evenir.g hu:-:1idi t~r (8: 00 :p.m.) showed a small but sig:11ificant 
:positive correlation of 0.14. 

No very definite correlations of :pollen germination with enviro1~4ental 
factors were fo~~d, nor could comparisons of behavio~ on selected dacy-s be used 
to indicate offE;Jcts of specific climatic factors. For exai-:l:ple, :pollen ger;:1inat
tions :for May 13, 1937 were ver~r poor (0.56); both temperature m1d relative 
:b.u.nidity \'Tere average, but exceptionally strong >·l'inds prevailec.. The 1vea,ther 
on the :preceding dP--3' was nornal, with average wind move:::1ent. On May 17 and 18, 
1937, the l'll'eather tvas also normal except for slightly elevated ter.rperatu.res. 
The average pollen gemination ratings for these t'l-ro clays were 2.63 and 0.11, 
respectively. The poor genJinations on May 13 and 18 could not be assigned to 
any unusual vreather conditions. +n general, lmver night tcqperatures, within 
the lini ts of the ex:-_posu.res given seerJed to faYor pollen gerL:in~tion, si~1ce 
pollen viability and night tewperatu.res (minim~~ tenperatu.ros cf. table 1) 
sb.ovt a correla,t:Lon. of 0.28; significant at 1 percent point. 

~he analysis of pollen gerninations for 1937, 1938 and 1939 shows that 
d,aily fluctuations of the !".can, gernination rating existed, as '-'Tell o,s differ
ences in individual performance. These three seasons were good seed years, 
the 1938 and 1939 crops being, in genernl, of better quality judging by aver
age size of seed ball and snal'ler percentage of the crop rejected as screen
ings. Tl1e 1939 crop, aJ, though of fine quality, was light due to poor stand 
rest.'!.l ting fron a, hea·vy freeze early in Novenber and again late in SIJring when 
developnent of seed stalks 'l'ras well under c;Jay. ;During the blooi:ling seo,son the 
weather of these ;>renrs w.::ts devoid of extrenes. In 1937, the raL1fall vms less 
then nornal and ter.~eratures, on the whole, were favorable. Unusually high 
wincl.s \..rere lini ted to a few ctn~rs. The weather in 1938 and 1939 j-o.st before 
the blooning season was favorabl e to the developnent of seed stalks. ~aring 
blooming , untm.vard climaUc cono.i tions lasting an:r considerable :periocl did no t 
occu.r. 

With the 1936 observations in ~ind, it seems tr~t, e~thou~h ger~ination 
of sugar-beet pollen is subject to external irdluences, failure of pollination, 
which is to be attributed solely to poor pollen, is to be e;~ected only if un
usual conditions are continuous ~Dd prolonged. It is recognized that rain may 
affect p ollen directly, causing it to burst, but under the condi tiollS in new 
Mex:i,co rainy periods ar<~ probabl~r not of long enough C.uration to ·-be a serious 
,factor. From the 1937, 1938, and 193S tests, it a-ppeexs that, regardless of 
temporary fluctuations and poor performance of some incU viC'cuals , there is al
ways enough pollen in the air to assure pollination of opening flo,vers. The 
relatively J,ong receptive period of the embryo sac, as CJ.enonstrated. \vith 
emasculated flovTers, ~·Jould indicate that untovmrd effects on pollen would be 
remedied on succeed.ing days. 

Unfavora.ble weather cor..di t ions may a lso produce ill effects on the 
female 1)art of the flo'.-rer. The egg cell is well protected and. not Yery subject 
to inju.ry by abnormal environmental conditions. The \vri t er t s experie:.1ce in 
heat-treatment e;.."Peritlents in vrhich, follm..ri!'.g differential heat eJ;posures, 
the floral :parts t-.rere GXc'1.tt1ined cytologically shovl8d that i nju.ries to pollen 
mothe1-cells, the stigna, and integw.ents of the ovule nea r tho micropyle 
occurred \vi th high heat exposures 1./ had no apparent effect o~ tho egg cell. 

!!/ Branches with flov.rers in all stages of developnent were ir.Dersed for five 
ninutes iJ:J. water at 43 C. and eA.')?Osures for 15 r.;inutes at 42° c. lvere used. 
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Righ vJincls associated 1·Ji th high tenperat·..:t.rcs v.rere not shown to have detectable 
effects on :pollen ger;:~ination; on the other hc.nd, such ':reather co~binations ' 
could have ill effects on t4e stigpatic surface or more e;~osed parts of the 
p~stil, bringing about such deterioration as would interfere with pollen ger
mination, gro111th or penetration. 

It p;eobably wi"ll be foun.d that the unusual climatic factors associat
ed with low seed viability prodv,ce t~·eir ill effects on both pollen a..'1.ct pistil, 
the probabilities being that pistillo.te parts are ;frequently r:1ore decisively 
concerned than the pollen. 

SUl-1V..A;R.Y 

Sugar-beet yollen gorf.linates readily on an n.gn.r mecliur.1 contc..inin;e~ 
40% sucrose and 1!% agar. Indivitlual selections sholfr great vo.,ric,tion i n 
sec.sonal performance, indicating that &'7i011g beet pJ,a:.-.ts there are ,-=sood a..'1<l 
poor pollen producers. Selections with a il.igh gerDination rating usu.:-:W.J.y 
have a high gerf.lination energy, giving rise to growing pollen tubes clr.~ost 
innediately after the pollen is sm...-n on the cu;t ture r.1ediu:J. The claily germin
at i on record of all the individuals also shows variation but there i s little 
correlation between enviroP ... Dental anomalies and germin.-'ltion "behavior. Usu..:·cl
ly there j,s enough pollen available each dey to effect fertilization of the 
opening flov1ers eYen if the germination average is bel01.v norr::c,l. 

Poor po;Llen and poor seed setting r.1ay be associnted phei1oDona if un
favorable weath€r vrhich is known to reduce pollen viabili t~r , continues for 
several days; this holds true pro-rided the rece:ptiYity period of tl-:e enor;ro 
sac is short, so that belated fertilization of flovrers is tmlikely. Often 
poor seed-setting is directly traceable to injury to the fe~.1ale part of tl:.e 
flower, especially the stigna 1vhich is sensitive to hot, vrindy weatl1er, Gooct 
pollen gernination throughout the season usually indicates a -~;ood seed crop , 
while consistently poor germination suggests the presence of so:ne lL.'1knovm 
environinental anomaly which prevents pro;Per fertilhation anc1 seed set t i ng 
through a harmful influence on the development of one or both es ~lelltial parts 
of the flower, or of the young embryo in its initia:L stages of develo:9ment. 
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