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imOIXJOEION

N arcissus bulbs continue th e ir  development and 

growth during the summer; the in v estig a tio n s  reported  

herein  show that bulbs which are out o f the ground dur

ing the summer, e ith e r  in  storage or in  tr a n s it , can be 

s ig n if ic a n t ly  a ffec ted  by storage temperature. Bulbs 

which are to be p lanted  in  the f a l l  for unaccelerated  

spring flow ering do not require sp ec ia l storage conditions  

i f  they can be kept in  a dry and fa ir ly  cool lo ca tio n  

with good aeration . The treatment o f bulbs which are 

to be forced in to  early  bloom, however, presents a d if 

feren t problem.

Commercial bulb growers and others handling bulbs 

are aware o f the e f fe c t s  o f temperature and take advantage 

o f th is  in  order that flow ers from these bulbs may be 

forced in to  bloom and be ava ilab le  s u f f ic ie n t ly  early  to 

reach a more favorable market. I t  i s  also  known that 

bulbs may be injured so that they w il l  f a i l  to blossom  

the fo llow ing  spring i f  they are subjected to an unfavor

able temperature fo r  even a short time while they are in
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storage during the summer. In the p ast when n arcissu s  

bulbs were shipped from Europe in  large  q u a n tit ie s , 

heating  o f the "bulbs in  the holds o f ships had to be 

avoided or a poor flow ering response of the bulbs 

would r e su lt .

Because a l l  bulbs entering in to  commerce in  any 

year require a period  of storage from the time they 

are harvested u n t i l  they are again p lan ted  out, i t  i s  

o f in te r e s t  to mention the number o f narcissus bulbs 

annually handled by the trade in  the United S ta tes.

While there i s  a t present no agency from which complete 

and accurate s t a t i s t i c s  can be obtained concerning the 

number of narcissus bulbs now being stored  and trans

ported in  the United S ta tes, n evertheless i t  i s  p o ssib le  

to re fer  to s t a t i s t i c s  which w il l  g ive some idea  o f the 

importance o f th is  industry.

P rior to the ban which was p laced  on the impor

ta t io n  o f narcissus from abroad on January 1 , 1926, a 

record o f the number of narcissus bulbs imported into  

the United States was a f a ir ly  good index of the magnitude 

o f the number of bulbs handled and planted in  any given  

year.



S t a t is t ic s  published in  192S-30 (27) show that 

the im portation o f n arcissu s bulbs in to  the United  

States during 1922 and 1923 averaged approximately 

77,000,000 bulbs per year. Figures fo r  1924 and 1925 

average about 25$ h igher. This sudden gain , however, 

can be a ttr ib u ted  to the fa c t that the announcement 

was made in  1924 that w holesale im portation o f nar

c is su s  bulbs would be proh ib ited  s ta r tin g  in  1926.

The bulb in te r e s ts  were attem pting to b u ild  up large  

stocks o f bulbs fo r  e sta b lish in g  a bulb industry  

w ith in  the United S ta tes.

Since 1926 there have been no means of deter

mining the number o f narcissus bulbs moving in  commerce 

each year. A report in  1930 (2S ), however, showed that 

there were more than 2731000,000 narcissus bulbs growing 

commercially in  the United States in  1929» Growers' 

estim ates in d icated  that 20 to 30 per cent o f th is  

number were ava ila b le  fo r  shipment.



A survey o f the bulb industry in  the United  

States issu ed  in  March 1931 (20) showed that there  

were p lanted  fo r  harvest in  1930, 165, 000,000 bu lbs, 

and the growers’ estim ate o f bulbs fo r  sa le  from the 

1930 harvest was about 39*000,000 hulhs. This e s t i 

mate, however, i s  acknowledged to he far helow the 

actual quantity due to the small number o f growers 

who rep lied  to the questionnaires sent out.

I t  has recen tly  been announced by the U. S. 

Department o f A griculture that the present ban on the 

im portation o f narcissu s bulbs w il l  be l i f t e d  on Decem

ber 1 5 , 1936. Just what e f f e c t  th is  w il l  have on the 

production o f these bulbs w ithin the United S tates i s  

problem atical. Eegardless of where these bulbs are 

grown—whether in  the United S tates or abroad— the task  

of sto r in g  the bulbs u n til  they are again p lanted  s t i l l  

remains.

The purpose o f gaining inform ation r e la t iv e  to  

the anatomical and biochem ical changes which occur in  

bulbs as a r esu lt o f storage at d ifferen t temperatures 

prompted the work described below. This in v e stig a tio n



presents data showing "basic changes which occur in  nar

c issu s  hulhs which at le a s t  contribute to a cce lera tion  

or damage o f the flow ering hulhs as prev iously  mentioned. 

I t  reports anatomical changes and carbohydrate trans- 

foim ations which occur under conditions of co n tro lled  

temperature during the time the so -c a lle d  dormant hulhs 

are normally subjected to forcin g  treatm ent.

I t  i s  hoped that th is  in vestiga ,tion  w il l  he a 

contribution  to the knowledge of the behavior o f hulhs 

during storage and a lso  to the determination o f the most 

s a t is fa c to iy  conditions under which hulhs may he stored  

to promote sa tis fa c to r y  flow ering at a desirab le tim e.
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BE VIEW OF LITERATURE

Hie l it e r a tu r e  covering the genus N arcissus i s  

ex ten siv e . A comprehensive "bibliography has recen tly  

appeared, in  Ihe .American D affod il Year Book ( l ) , in  

which i s  given a l i s t  o f the outstanding papers on 

th is  p la n t.

D eta iled  in v estig a tio n s  covering experimental 

storage treatm ents, with or without the aim of pro

moting early  flow ering, are not frequently  found in  the  

l i t e r a tu r e . One o f the outstanding workers in  th is  

f i e l d  was Dr. David G r iff ith s . In 1930 he d iscussed  

(7) the subject o f forcin g  bulbs and sta ted  that the 

rate o f development of the bud w ith in  the bulb depends 

upon the storage temperature. W ithin the la s t  few 

years add ition al a r t ic le s  have appeared in  f lo r is t s *  

and seedsmen’s trade papers (6) ,  (S-17) , in  which 

observations have been recorded concerning the behavior 

of bulbs, p a r tic u la r ly  n a rc issu s, subjected to various 

conditions during th e ir  storage period .



Hasserbring (19) in  1932 poin ted  out that the hot-  

water treatment o f narcissu s hulhs fo r  the control o f  

eelworms and other p a ra site s  resu lted  in  various ph ysica l 

and chemical changes w ith in  the hu lhs. From analyses  

o f hulhs made at in terv a ls  during the storage period  he 

concluded that hot-w ater treatment a t the middle o f the 

storage season a lso  resu lted  in  accelerated  a c t iv ity  

in  the hulhs so treated . Van Slogteren in  Holland (30) 

expressed the opinion that the hot-w ater treatment may 

have a stim ulating  e f fe c t  on the development o f narcissus  

hulhs during storage.

The w riter  in  1932 reported (23) that s ig n if ic a n t  

changes occurred in  the development o f the flow er hud 

w ithin  the hulh during the storage period. In 1932 

Blaauw et a l .  in  Holland (3) a lso  reported on the e f fe c t  

of temperatures on the elongation  o f the scapes and 

development o f the flow ers o f narcissus hulhs. In the 

same year in  Holland B eijer  and van Slogteren (2) pub

lish e d  on the forcin g  of narcissus hulhs and pointed  out what 

the optimal storage temperature conditions were fo r  the 

v a r ie t ie s  with which they were working.



In  1933 Huisman and Hartsema in  H olland (22) 

is su e d  a p u b lic a t io n  in  which, the complete development 

of th e  n a rc is su s  bulb  was p o rtray e d  throughout the  y e a r . 

Also in  1933 van S lo g teren  (3 l) re p o rte d  on experim ents 

w ith  the  fo rc in g  o f n a rc is s u s . He a lso  showed th a t  

tem peratu re  p lay ed  an im portan t p a r t  in  th e  fo rc in g  o f 

n a rc is su s  h u lh s .

In v e s tig a t io n s  o f th e  carbohydrate  changes in  

o th e r  flo w erin g  h u lh s  were re p o rte d  in  Pirikhof ’s p u b l i

c a tio n  o f 1930 (26) ,  which covered biochem ical changes 

o ccu rrin g  in  t u l ip s .  Ih is  study concerned the  s o -c a lle d  

w il t in g  d isease  of t u l ip s .

Prom the  e x is t in g  l i t e r a t u r e  i t  i s  w ell e s ta b lis h e d  

th a t  n a rc is su s  hu lhs can he a f fe c te d  m a te r ia lly  by the  

tem perature a t  which they are  m ain ta ined  during  summer 

s to ra g e . I t  remains to  determ ine in  a more d e ta i le d  way 

the anatom ical and biochem ical changes th a t  occur in  

hu lhs s to re d  a t  d i f f e r e n t  tem peratu res and any c o r re la 

tio n s  which may e x is t  between th ese  and th e  responses 

secured  during  fo rc in g .



MATERIAL AND METHOD

Hie bulbs used in  th is  in v e stig a tio n  were the 

s e lf -c o lo r e d  trumpet va r iety , King A lfred, Narcissus 

pseudonarcissus L. They had heen propagated at the 

Bulb Culture S tation , Bellingham, Washington. During 

the summers o f 1930 1932 hulhs were shipped to

A rlington Experiment Earm, Rosslyn, V irgin ia , and kept 

u n til  p lan tin g  time in  the hulh storage house. The two 

shipments were p lanted  in  the f i e ld  the f a l l  o f these  

years. In each case the hulhs were dug the fo llow in g  

spring at the proper time and prepared fo r  experimental 

storage. This report covers anatomical and biochem ical 

changes as w ell as u ltim ate forcin g  responses in  the 

hulhs harvested in  1931 £̂ <1 'the others harvested in  1933* 

Samples were not taken fo r  an a ly sis  in  1932.

In 1931 hulhs were harvested on June 30, 

dried as described la te r ,  and on July 21 p laced  in  storage 

at £0° E, Samples for  biochem ical and anatomical stud ies  

were taken from these hulhs at two-week in terv a ls  during 

the storage period. On September 2 one h a lf of the hulhs 

remaining were placed at 50° P . , w hile the balance were 

reta in ed  in  the 80° P. room. Daring th is  second period  

samples fo r  study were also  taken as before.



In 1933 the same general procedure was fo llow ed, 

w ith some var ia tio n  in  dates due to the fa c t th at the 

hulhs matured e a r lie r  in  the f i e ld .  The hulhs were dug 

on June S. But they required longer to dry and were 

not put in to  storage u n t il  July 21, the same date o f  

the month as the 1932. hu lhs. The storage temperature 

was again held  at 80° F. Samples were taken as before, 

hut at longer in te r v a ls . On September 5 th ree-fourth s  

of the hulhs remaining were removed from the 80° F. 

temperature. These were divided in to  three equal lo t s  

and placed under con tro lled  storage temperatures of 59°» 

50°, and 40°F. .Again sampling was done, the f in a l  

samples being taken from the hulhs on October 31*

Storage C onditions and Sampling Procedure 

in  ,19.31. *

In 1932. > as already mentioned, the hulhs were 

harvested on June 3^* p a r tly  spent fo lia g e  was

removed at th is  time and the hulhs placed one layer  

deep on wire mesh-bottomed trays to diy in  the bulb 

storage house. These trays were e levated  from the

* The l a t e  Dr. H ein rich  H asselh rin g  a s s is te d  in  the 

sampling and in  th e  sugar an a ly ses  o f 1931*



f lo o r  to permit a ir  c irc u la tio n  from "beneath. On July  

17 the hulhs were s u f f ic ie n t ly  dry so that the roots  

and outermost sca le s  could he removed with a s l ig h t  

rubbing. On July  IS the hulhs were washed and again  

spread out on the trays to permit rapid drying. An 

o s c i l la t in g  fan was used to hasten the evaporation o f  

th is  surface m oisture.

On July 20 the hulhs fo r  subsequent a n a lysis  

were sorted . 3^ comparable samples o f Uo hulhs each, 

representing the en tire  range in  bulb s iz e , were 

se le c te d , 32 for  biochemical stu d ies and 2 fo r  fo rc in g . 

The average weight o f the hulhs in  193i  w&s 100.2  gms. 

Eleven samples o f 10 hulhs each o f the median s iz e  

were chosen fo r  anatomical study. These samples were 

each p laced  in  mesh hags to f a c i l i t a t e  handling.

The next day, July 21, the hags o f hulhs were 

placed in  an SO0 P. storage temperature. During the 

en tire  period  of storage at SO0 P. the r e la t iv e  humidity 

gradually dropped from 70/5 to 52$ with the seasonal 

change in  weather. There was p r a c t ic a lly  no flu ctu a tio n  

in  the r e la t iv e  humidity from week to week, the curve 

showing a steady d ec lin e .



On July 22 the bags o f bulbs had come to equilibrium  

with room temperature and each of the 32 hags intended  

fo r  u ltim ate a n a ly sis  was weighed. Every two weeks through

out the storage period  the hags o f hulhs were weighed to 

determine shrinkage. On July 23 four hags, quadruplicate 

samples, were taken to the laboratory and analyzed separ

a te ly . Every two weeks th erea fter  four o f the remaining 

hags were used fo r  a n a ly s is .

On September 2 one-half the hags l e f t  in  storage  

were transferred from the storage room at 80° E. to a 

storage room at 50° E. The r e la t iv e  humidity in  th is  

room flu ctu a ted  between 70 &cd 7^ Per cent. Of the four  

hags taken fo r  a n a lysis  subsequent to September 2 , two 

hags o f hulhs were taken from the higher storage temper

ature and two from the lower.

While the extern al appearance o f the hulhs in  

storage at 80° E. throughout the storage season did not 

change, those removed to 50° E. on September 2 showed 

unmistakable signs of development ex tern a lly  as the season  

progressed. On October 1 they showed a thickened ca llu s  

around the basal p la te  w ith in  which the beginning of roots 

could he seen on cu ttin g . On October 18 the roots were 

observed to have pushed through the c a llu s , m ostly on one



s id e , w hile  on O ctober 29, the l a s t  day of s to ra g e , the 

ro o ts  were p ro je c t in g  out about 1 cm. and form ing a  dense 

crown.

Of the 3k bags of ko buLbs each o r ig in a lly  sorted  

out, 32 were used fo r  biochemical a n a ly s is . One o f the 

remaining two was kept a t S0° F* throughout the storage 

period  and the other removed to the 50° room on 

September 2. On October 30 these two bags o f bulbs were 

forced  to determine th e ir  flow ering responses a fte r  

t reatment.
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1931 A n a ly tic a l Procedure

In  th e  p re p a ra t io n  of the  bu lbs fo r  chemical an a ly ses , 

th e  dry s c a le s ,  t i p s ,  and dry p a r t s  o f the "basal p la te s  were 

removed. Hie "bulbs were q u a rte red  and ground tw ice through 

a meat chopper, which fo rced  the pulp  through a p e r fo ra te d  

p la te  in  which the  h o le s  were 3 mm. in  d iam eter. As the  

s t ic k y  mass coming from th e  chopper could not "be mixed or 

q u a rte red , i t  was reground in  o rder to  in su re  a  homogeneous 

m ix ture. From the t i s s u e  thus mixed, samples fo r  a n a ly s is  

were weighed o u t. For m oisture d e te rm ina tions of the  mix

tu re  samples of approxim ately 10 gms. were a c c u ra te ly  weighed 

in  weighing "bo ttles and then  covered w ith  ab so lu te  a lco h o l. 

L a te r th i s  a lco h o l was evaporated  o ff  the  samples a t  Go0 C .; 

they  were then  d rie d  in  a vacuum oven a/t 70° C* end l6  mm. 

p re ssu re  of mercury in  a  slow cu rren t of d r ie d  a i r .  Hie 

dry ing  was continued  u n t i l  the w eight of the  rem aining t is s u e  

reached an eq u ilib riu m  and f lu c tu a te d  w ith in  narrow l im i t s  

depending upon the  r e la t iv e  hum idity  a t the tim e the  weigh

ings were made.

Tw enty-five gram samples fo r sugar d e term in a tio n s  

were washed in to  beakers w ith  100 ml. of 95^ a lco h o l. 

F iv e - te n th s  of a gram of calcium  carbonate was added to  each 

sample. The beakers were hea ted  to b o il in g  fo r  a few m inutes 

and allow ed to  s tan d  fo r 10 days, whereupon the  a lcohol was
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decanted  in to  250 ml* vo lum etric  f la s k s .  The re s id u e s  

were covered w ith  ab so lu te  a lcoho l and allowed to  stand  

overn igh t in  a  d e s ic c a to r . The m a te r ia l thus hardened 

was ground in  a  m ortar and e x tra c te d  once by h o il in g  w ith  

70fo a lcoho l fo r  30 minutes* and fo r  two p e rio d s  of e ig h t 

hours each in  so x h le t ex trac to rs*  This procedure was 

adopted fo llow ing  e a r l i e r  f in d in g s  of H asse lb ring  (19) 

th a t  in te r f e r in g  substances in  the  bu lbs made the  q u an ti

t a t iv e  se p a ra tio n  of the sugars d i f f i c u l t .

The carbohydrate d e term ina tions were c a r r ie d  out 

as desc rib ed  by H asselb ring  in  a former paper (IS ) .

To determ ine the  amount of ac id -h yd ro lyzab le  sub

s tan ces  in  the bu lb  t i s s u e ,  te n  gram samples were covered 

w ith  100 ml. o f ab so lu te  a lcohol and s to re d  in  f la sk s  whose 

s to p p ers  \vere sea led  w ith  p a r a f f in .  U ltim ate ly  the ex

t r a c t s  from the samples were decanted through p o rc e la in  

e x tra c tio n  th im bles and the re s id u es  then tr a n s fe r re d  to  

and ground in  a m ortar under ab so lu te  a lco h o l. The ground 

m a te r ia l was then re tu rn e d  to the  th im ble. The m a te ria l 

was fu r th e r  e x tra c te d  w ith  >̂00 ml. of cold fOfo a lcohol added 

in  10 ml. p o r tio n s  to  corrplete th e  removal o f so lub le  carbo

h y d ra te s . A cid-hydrolyzable  substances in  the  re s id u e s  were 

determ ined by the  ac id  h y d ro ly s is  method of S achsse-(29)*

A ll the d a ta  on carbohydrates were c a lc u la te d  in  terms of 

grams of hexoses in  100 grams o f bulb t is s u e  a t the time o f 

p re se rv in g  the  t i s s u e  fo r  a n a ly s is .



1931 Anatomical Methods

From th e  bu lbs m entioned e a r l i e r  as "being re se rv ed  

fo r  anatom ical s tu d ie s , l o t s  o f ten  were taken a t approxi

m ately b i-w eekly  in te rv a ls  during  the s to rag e  season to  

study anatom ical changes w ith in  the  "bulbs during  the p e rio d  

of s to rag e  and a t  the  tem peratures as s ta te d .

When the "bulbs were taken  from sto rag e  the m a jo rity  

o f the s c a le s  were s tr ip p e d  from the "bulbs as desc rib ed  in  

an e a r l i e r  paper ( 23)* so th a t  a t  most only two or th ree  

o f the innerm ost s c a le s  were l e f t  enveloping the developing 

flow er. These p ie c e s  were submerged in  fo rm alin  a c e t ic  

a lcoho l (5 p a r t s  g la c ia l  a c e t ic  a c id , 5 p a r t s  commercial 

fo rm alin , 90 p a r t s  o f 7Ofo a lco h o l) as recommended "by 

Chamberlain (h) fo r  k i l l i n g  and p re se rv in g  u n t i l  the  m ater

i a l  could "be embedded. Sanples were taken fo r th e se  s tu d ie s  

on the  fo llow ing  d a te s : <July 1, 15; August 1 , 17, 2b, J l ;

September 2, l 6 ,  2b; October 2, 12.

1921 Sampling P rocedure

In  1933» as mentioned b e fo re , the bu lbs were h a rv ested  

on June 3, the same procedure fo r  h a rv e s tin g  and dry ing  being 

employed as fo r  the 1931 b u lb s . This y ear i t  was again  on 

Ju ly  17 th a t  the bulbs were dry enough to  c lean  d e sp ite  the 

e a r l i e r  h a rv e s tin g  d a te .



In  th e  washing of th e  hu lhs in  1933 ^  added p re 

cau tio n  was taken  to  a ttem pt to  co n tro l h a sa l ro t  which 

was noted  when the hu lhs were sampled in  1931* ™° th i s

end the  hu lhs fo r  th e  work were d iv ided  in to  2 lo t s  a f  t  e r 

they  had heen washed in  w ater; each of th ese  2 l o t s  was 

s e p a ra te ly  immersed fo r  one hour in  a b a r r e l  con tain ing  

1 os, m ercuric  ch lo rid e  to  25 g a llo n s  of w a ter. The hulhs 

were then  again  sp read  one la y e r  deep on w ire mesh-bottomed 

tra y s  and the su rfa ce s  of the  hu lhs thoroughly  d r ie d .

A fte r be in g  d rie d  th e  hu lhs were d iv ided  in to  re p re 

s e n ta tiv e  samples as desc rib ed  fo r  the 1931- work. Twenty- 

two hags of hQ hu lhs each were p rep ared  fo r  the biochem ical 

an a ly ses . Four hags of 20 hu lhs each were p rov ided  fo r  

fo rc in g , and 11 hags of 5 hu lhs each were p rov ided  fo r 

anatom ical study during the  s to rag e  p e rio d . The average 

w eight o f each hulh fo r  1933 112,7 gms.

On Ju ly  21 the hulhs were p laced  in  a constan t 

tem perature  room a t 80° F. and on Ju ly  2k a l l  samples fo r 

the biochem ical s tu d ie s  were weighed* On th i s  date  a lso  

f iv e  hu lhs were p repared  f o r  anatom ical study.
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19^1 A n a ly tic a l Procedure

On Ju ly  25 the f i r s t  two hags of }40 hulhs each were 

p re p a red  fo r  a n a ly s is  as desc rib ed  in  the 1931 work w ith  

th e  fo llow ing  changes: Two fjO gn. l o t s  of t i s s u e  were

weighed out in  500 ml. Erlenmeyer f la s k s ,  to  which 1 gm. 

of calcium  carbonate had been added. Two such lo t s  were 

weighed out fo r  the sugar d e term in a tio n s  from es,ch bag 

o f bulbs sampled* These l o t s  were im m ediately covered 

w ith  200 ml. o f 9 al cohol  and the  samples then  b o ile d  

g e n tly  on a steam b a th  fo r  5 m inutes. When cool they 

were s toppered , sea le d  w ith  p a r a f f in ,  and s to re d  fo r 

a n a ly s is .

The samples fo r  a c id  hydro lyzab le  substances and mois

ture . were p rep ared  as fo r  the 1931 uo rk .

1 9 ^  Anatomical Procedure

In 1933 on each sampling date only 5 bu lbs were

d is se c te d  to  p re se rv e  the developing flow er fo r  s tudy .

The 1931 work had in d ic a te d  th a t the flow er development

was so uniform  in  d if f e r e n t  bulbs under the same condi

t io n s  th a t 5 would be s u f f ic ie n t .  A fte r being  h e ld  in  

30°3T. s to rag e  from Ju ly  21 to  September 5 some samples 

were removed and p laced  in  59°» 50°» and U0° F. s to ra g e .



Forcing Procedure

In the  1931 in v e s t ig a t io n  two bags o f ^0 bulbs each 

were se t a s id e  fo r a study of th e  fo rc in g  resp o n ses. These 

re c e iv e d  the  same trea tm en t as the  two la rg e  groups of bu lbs 

th a t  i s ,  one bag was kep t a t S0° F. fo r  the  e n t i r e  season 

w hile  th e  o th e r bag was t r a n s fe r r e d  from S0° to  50° on 

September 2. On October 29 th e se  tvro bags of bulbs were 

p la n te d  in  f l a t s  in  a  sandy loam. They were ro o ted  in  a  

cool dark bulb s to rag e  c e l l a r  and in  l a t e  December brought 

in to  a  greenhouse w ith  a  day tem perature of ^ - 6 0 °  F. and a 

n ig h t tem perature  of degrees F. They were kep t in

th i s  greenhouse u n t i l  they flow ered.

In 1933, l o t s  of 20 b u lb s  were used  fo r  the fo rc in g

stu d y . 'These were g iven  the same s to rag e  trea tm en ts  as the  

o th e r  bu lbs in  1933* As th e re  were fo u r d i f f e r e n t  tempera

tu re  co n d itio n s  s tu d ie d  in  t h i s  y ear th e re  were fou r l o t s  

of 20 b u lb s  each. These bu lb s  were p la n te d  on October 30 

and ro o ted  and fo rced  as d esc rib ed  in  the 1931 work except

th a t  they were not brought in to  the  greenhouse fo r fo rc in g

u n t i l  January  6.

On March 5* 193^» a f t e r  most of the flow ers on the 

fo rced  bu lbs were p a s t ,  some of the  bulbs were dug, the  

o u te r s c a le s  removed and the  c e n tra l  p o r tio n  examined. This 

was done to  observe the new growth reg io n , which would have 

produced le av es  and p o ss ib ly  flow ers in  1935*



RESULTS

In o rd er c le a r ly  to  s e t  fo r th  the  e f f e c ts  produced 

by d if f e r e n t  s to rag e  tem oeratures and to  g ive a  foundation  

on which to  d iscu ss  the anatom ical and chemical changes 

which undoubtedly u n d e r lie  or a re  r e f le c te d  in  the responses 

n o ted , th e  r e s u l t s  o f fo rc in g  the bu lbs w il l  be p re sen te d  

f i r s t .  For convenience the  bu lbs from the d if f e r e n t  s to rag e  

tem peratu res w i l l  be re fe r re d  to  as 80°, 59°» 5^°, and H0° 

b u lb s .

Forcing Response

In 1931 the  SO0 and 5^° bu lbs used  fo r  fo rc in g  bloomed 

in  January  1932. The 50° bu lbs began-to  blossom January 12, 

w hile fo u r te e n  days l a t e r  the 80° bulbs f i r s t  s ta r te d  to 

bloom. Check bu lbs used  fo r comparison, which were given 

only common bulb-house s to rag e  bu t the same c u ltu ra l  condi

t io n s  o therw ise , began to  flow er on January 22.

In 1933 fo rced  bu lbs from the four tem perature condi

t io n s  in  s to rag e  ex h ib ited  d iffe re n c e s  in  growth responses 

when they were brought from the ro o tin g  c e l la r  and p laced  in  

the greenhouse. This d iffe re n c e  was even more pronounced 

n ine 6.ays l a t e r  when measurements were made. The 80°, 59°» 

50° , and h0° bulbs had fo lia g e  p ro je c tin g  from the noses of 

th e  bulbs 1 -2 , 2~3» 7-10* and 7"10 inches re s p e c tiv e ly .



On January  26, 193^» photographs were taken  showing 

th e  co n d itio n s  of the  fo u r l o t s  of bu lbs (see  J ig s .  19 and 20) 

At th a t tim e the  80°, 59°» 50°» "bulbs had fo lia g e

3-4 , 8-10, 1*4—16, and 12-20 inches long re s p e c tiv e ly . The 

SO® bulbs rev ea led  flo\?er buds when th e  fo lia g e  was sep a ra ted . 

The 59° b u lb s  showed flow er buds m ostly above the  fo l ia g e .

The 50° b u lb s  had s ta r te d  to  blossom on January  2*4 and on 

January  26 were n e a rly  in  f u l l  bloom. The blossoms a t th a t  

tim e were 1*4-16 inches t a l l .  The *40° bu lbs d e sp ite  t h e i r  

lu x u r ia n t fo lia g e  had only two flow ers in  bloom. There were 

no s igns o f buds in  the o th er e ig h teen  of these  twenty b u lb s .

Table 1 g ives a resume of the  responses from th e  var

io u s  lo t s  of b u lb s  to  the  fo rc in g  trea tm ent g iven  the  1933 

b u lb s . This ta b le  shows th a t  the 80° b u lb s  were in  f u l l  

bloom on March 1, the  59° bu lbs on February 12, w hile the 

50® and *40° bu lbs reached f u l l  bloom on January  Jl.  The 

h e ig h ts  o f fo lia g e  fo r  the 80°, 59°, 50°> ^*° bulbs

were 10-12, 12-20, 1*4-18, and 16-20 inches re s p e c tiv e ly , 

w hile h e ig h ts  of flow ers were 12-1*4, 20-2*4, 16-20, and 18 

inches r e s p e c tiv e ly . The number o f flow ers blossom ing in  

each lo t  of 20 b u lb s  was 3i» 3^» 32, snd 2 blooms fo r  the 

SO®, 59®, 50®, and *40® bulbs re s p e c tiv e ly .



Table JU 1933 Britts

Forcing Response

Britts
(temperature Date of Ht. of Ht. of 
treatment*) F ull Bloom Foliage Flowers Number of 

° F. 1934 Inches_____ Inches Flowers

g0©-S0© Max. 1 10-12 12-14 31

gO o -5 9 0 Feb. 12 12-20 20-24 3*

g0o-50© Jan. 31 14-lS 16-20 32

gOo-^0© Jan. 31 16-20 I B 2



Comparison of Table 1 w ith  F igu res 19 smd 20 w il l  

show th e  o u ts tan d in g  r e s u l t s  of th e  d if f e r e n t  tem perature  

tre a tm e n ts  o f th e  h u r ts  during s to rag e  on the  fo rc in g  

response . Hie 50° and *40° bu lbs "bloomed e a r l i e s t ;  b u t, 

w hile  the twenty bu lbs of the form er produced th ir ty - tw o  

flo w ers , those  of th e  l a t t e r  produced only two. Hie fo l 

iage on b o th  l o t s  was h ea lth y  and adequate a lthough some

what sh o rte r  in  the 50° "bulbs than  in  th e  U0° b u lb s . Hie 

flow er h e ig h ts  averaged th e  seme.

The 59° b u lb s  blossomed l a t e r  than those  above 

named bu t b e fo re  the  SO0 b u lb s . Hie fo lia g e  was h ig h e s t 

o f a l l  the l o t s  on th e  59° b u lb s , w hile on th e  S0° bulbs 

th e  fo l ia g e  was s h o r te s t .  This seme re la t io n s h ip  h e ld  

fo r  the h e ig h ts  of flow ers to  a decided e x te n t .

F igu re  20 shows a photograph of the new v e g e ta tiv e  

buds which were lo c a te d  ad jacen t to  the bases of the scapes 

of the  flo w ers . Hie i l l u s t r a t i o n  shows the co n d itio n  of 

th ese  buds on March 5» 193^» ju s t  a f t e r  the  flow ers on the  

bu lbs had p assed . Hie scapes ad jo in in g  a l l  the  buds were 

removed in  the  d is s e c tio n  except th a t  of th e  re p re se n ta tiv e  

o f th e  4o° b u lb s . Here the dead flow er, which never elon

g a ted , can be seen on the  top o f th e  scape. This co n d itio n  

was noted in  e ig h teen  of the twenty bulbs under the ^0°F. 

co n d itio n .



Anatomical Development

F igu re  2 shows the co n d itio n  of a  flow er in  a hulh  

in  th e  1931 in v e s t ig a t io n . The flow er was in  t h i s  s ta te  

o f development on Ju ly  1, the  day a f te r  the bulbs were 

dug from th e  f i e l d .  F igure 3 shows the s ta t e  of the  flow er 

in  a bulb on August 31* 1931* I t  had been s to re d  since  

Ju ly  21 a t  S0° F. F igure  H shows the flow er of an SO® 

bulb  as i t  appeared on October 12. F igure  5 shows a flow er 

from a  50° bulb a lso  on October 12.

F ig u res  7 through 12 show the  anatom ical development 

o f th e  buds during  th e  p e rio d  of s to rage  a t the v a rio u s  

tem peratu res in  1933* F igure  7 shows the  co n d itio n  of a  

bud on J u ly  2̂4- a t  S 0°F ., ju s t  a f t e r  the bu lbs had been 

p laced  in  s to ra g e . F igure  S shows the  flow er of an SO0 

bulb on September 5* F igure 9 shows how the  flow er of an 

SO® bulb appeared on October 30* w hile F igu res 10, 11, and 

12 show how the  flow ers o f b u lb s  looked in  59°* 5^°» and 

^0® bu lbs a lso  on October JO.

From th e  study o f a  la rg e  number of buds from o th er 

b u lb s  i t  i s  b e lie v e d  th a t the  s e c tio n s  i l l u s t r a t e d  are 

re p re s e n ta t iv e  of a l l  the flow ers in  bulbs under the  same 

experim ents! co n d itio n s .
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F ig u res  13 through IS g ive  fu r th e r  evidence, of a 

c y to lo g ia l n a tu re ; they show the vary ing  degree o f develop

ment of th e  an th e rs  in  the flow ers of the  1933 h u l ls  a t 

v a rio u s  tem peratures* In the  k i l l i n g  and f ix in g  of the 

n a rc is su s  huds, as w ell as in  the  s ta in in g  of the  s e c tio n s , 

the  aim was to  p rep a re  sec tio n s  fo r  g ro ss  anatom ical study 

on ly . rJChe s e c tio n s , however, showed such s t r ik in g  ev i

dences of a  c y to lo g ic a l n a tu re  th a t  photom icrographs were 

made of d e ta i l s  of the  an th ers  o f the  developing flo w ers .

F igure  13 i l l u s t r a t e s  sporogenous t i s s u e  in  an

an th er o f th e  flow er hud from a h u ll  on Ju ly  2H a t  the

beginn ing  o f th e  s to rag e  p e rio d  a t  c o n tro lle d  tem pera tu res . 

F igure  14 shows a  s im ila r  view, h u t on September 5* a f te r  

the  bu lbs had been a t  SO°F. fo r  about s ix  weeks. F igure 

15 shows sporogenous t i s s u e  s t i l l  in  the an th er o f a  flow er

bud of an 30° bulb on October 30. However, F igu re  l6 ,  which

i s  from an an ther o f th e  flow er of a 59° bu lb , shows th a t  on 

the  same d a te , October 30, young p o lle n  g ra in s  had formed. 

F igure  17 i l l u s t r a t e s  development of p o lle n  in  the 59° bu lbs 

and shows th a t  the  m icrospores are  ju s t  b reak ing  away from 

the te tr a d s  a f t e r  the  second d iv is io n  of the  p o lle n  mother 

c e l l s .  F igure  13 shows the co n d itio n  w ith in  the H0° b u lb s  

on October JO; hero t h e  p o l l e n  mother  c e l l s  a r e  i n  t h e  

prophase o f the  f i r s t  d iv is io n .



Study of the  photom icrographs of the flow er huds 

fo r  the two years  w il l  d isc lo se  the development of the  

flow ers in  th e  bu lbs s to re d  under the d if f e r e n t  tempera

tu re  c o n d itio n s . These i l l u s t r a t i o n s  re v e a l th a t  a t  the 

end of the  s to rag e  p e rio d  the flow ers in  the  SO0 "bulhs had 

developed l e a s t ,  fo llow ed by those  in  th e  U0° b u lb s . The 

flow ers o f the  50° bu lbs a re  shown to  have e longated  tw ice 

as much as th e  80° b u lb s , w hile  th e  59° bu lbs show th e  

lo n g es t flow ers of a l l ,  as shown by F igure  10. The photo

m icrographs, F ig u res  13 through IS , of the an th er develop

ment of the  b u lb s ' flo ffers  show th e  seme re la t io n s h ip  re 

gard ing  flow er development as i s  shown in  the anatom ical 

i l l u s t r a t i o n s .  Study of a l l  th ese  photom icrographs w il l  

re v e a l th a t  anatom ical or c y to lo g ic a l development of the 

flow ers a t  the  end of the s to rag e  p e rio d  i s  n o t, in  th i s  

experim ent, an index of e a r ly  flow ering  response .

B iochem ical H esu its

R eference to  Tables 2 through 5 w il l  show the p e r

centages o f w eigh t, m oistu re  con ten t, ac id -hyd ro lyzab le  

substances, su cro se , and reducing  sugars on th e  v a rio u s  

sampling d a tes  as ind ica ted , in  1931 an(* 1933* With the  

excep tion  of the  weight f ig u re s , which a re  fo r  whole b u lb s , 

a l l  the  above a re  based on 100 gras, of l iv in g  bulb t is s u e  

a t  the time the samples were p rese rv ed  in  a lcohol fo r  analy
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Table 2. 19S1 Shrinkage

Shrinkage o f N arcissus Bulbs a t D iffe re n t Dates 

During S torage on a B asis of 100 gms. of Bulbs on J u ly  22.

D ates nS0° b u lb s 11 l(i50° b u lb s”

J u ly  22 100

Aug. 5 95*19

" 19 92,23

S ept, 2 S9.56

11 16 S6.U9 SS.37

" 30 £3*^9 S7.53

Oct. I k  SO. 26 25.73

11 2S 7S.32 S3.73
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l a l l e  3* 19SS Shrinkage

Shrinkage of N arcissus B u lls  a t D iffe re n t Dates 

D aring Storage on a B asis  o f 100 gras, of B u lls  on Ju ly  24.

D^te^ 11 SO® l u l l s "  ”59° l u l l s " "SO® l u l l s ” ”40® l u l l s

J u ly  24 100 - -

Aug. 14 95.9S - -

Sept. 5 94 .S3 - -

Oct. 2 92.43 90. S7 92. s i 93.56

" 30 s s .89 SS.1S 91.60 93-02



Table K  1911 Bulbs

Moisture Content, Acid Hydrolyzable Substances, Sucrose and Reducing Sugars in  100 gns. 

 ____________of Bulb Tissue at the time Samples were Preserved fo r  Analysis*________

Date Moisture Content

Aci d-hy droly zabl e 
Substances 

(as Dextrose) (as

Reducing Sugars 
Sucrose 1 (As in vert sugar in  
Invert Susar) presence o f sucrose)

•* so °bulb s n ** 10 °bulb s ,f HS0obulbsMI110°bulbsH * SO 0 bulb s H " 10 °bulb s 11 ,,S0obu lbsH “lOobulbs'1

July 23 66.72 - 25.US - 2.77 - 0.143 -

Aug. 6 66. 1+6 - 25.50 - 3.22 - 0 . 1+9 -

ii 20 66. 2s - 25.14S - 3.36 - 0 . 1+0 -

Sept, 3 66. 2s - 25.39 - 3.36 - 0 .36 -

i t 17 66. U2 66.02 25.29 25.31 3 . 5^ 3.59 0 . 2s 0 .60

Oct. 1 66.22 65. S6 25.52 2^.57 3 . 6U 1+.21+ 0.29 0.59

ii 15 66.12 65.61 25.62 2^.53 3.60 I4. 5I4 0 .29 0 .60

i t 29 65. 9I4 65.21 25.67 214.SS 3.77 1+.66 0 .32 0.59



Table 5.  1955 Bulbs

Moisture Content, Acid hydrolyzable Substances, Sucrose and Reducing Sugars in  100 gns. 

of Bulb Tissue at the time Samples were Preserved fo r  A nalysis.

Dates

Moisture Content
Acid Hydrolyzable 

Substances 
(as Dextrose)

Sucrose 
(as in vert sue;ar)

Reducing sugars 
(As invert sugar in  
■presence o f sucrose)

Bulbs at 1'Fahrenheit) Bulbs at (Fahrenheit) Bulbs at (Fahrenheit) Bulbs at (Fahrenheit)
80° 990 *50° 43° 80° 59° 50° 40° 80° 59° 50« 1*0 ° 80® 59° 50° 40°

July 25 65.72 - - 26.87 - - 2.33 - - 0 .60 - -

Aug. 15 65.56 - - - 26.10 - - - 2.82 - - - 0.57 - - -

Sept. 6 65.09 - - - 25.75 - - - 3.08 - - - 0.49 - - -

Oct. 3 65.^7 65,36 65.u2 d5.08 25.32 25.65 24.67 24.37 2.75 3.5S 4 .04 3 .34 0.57 0.60 0.83 0.93

H 31 65.27 63.82 a>93 55.32 24.87 26.15 2UJ45 23.82 3.02 lj>3^ 4 .6 i 4 .64 0 .6 4 0.47 0 .80 1.08



Table 2 shows th e  shrinkage of th e  bu lbs during the 

p e r io d  of s to rag e  in  1931- These f ig u re s  are based  upon 

100 gms. of bu lbs a t  the  time they were pu t in to  s to rage

a t  80®F. This ta b le  in d ic a te s  th a t  the  SO0 bu lbs lo s t

21.68$ o f th e i r  w eight during the p e rio d  o f s to ra g e , w hile 

th e  50° bu lbs lo s t  b u t 16.27$. Table 3» fo r the 1933 b u lb s , 

d is c lo se s  th a t  in  th i s  year during the s to rag e  p e rio d  the 

SO® bulbs l o s t  11.11$, the 59® bulbs 11.82$, the  50° bu lbs

and th e  40® bu lbs bu t 6. 92$.

Table h shows the  changes in  the  m oisture con ten t of

th e  1931 b u lb s  during  the  s to rag e  p e rio d . This con ten t was 

66.72fo a t  the  beginning  o f th e  p e rio d  a t 80°F. s to rag e ; in  

th e  SO® bu lbs th i s  v a rie d  bu t l i t t l e  and a t the end o f the 

s to rag e  p e rio d  was 65*9^$» The 50° bu lbs show a s l ig h t  

decrease  in  m oisture  content below the  80° bu lbs and a t the  

end o f th e  season show a con ten t o f 65. 21$ . Table 4 fu r th e r  

shows the  changes in  the ac id -hydro lyzab le  substances, com

p u ted  as d ex tro se , in  th e  80® and 50° b u lb s . In the former 

th i s  con ten t d id  not change app reciab ly  during the season.

On Ju ly  23 the  b u lb s  con tained  25.*+8$, while on October 29 

they showed 25. 67$. Also in  Table k  the sucrose con ten ts 

o f the  1931 bulbs are  shown. On Ju ly  23 the 80° bulbs con

ta in e d  2.77$ which in c reased  by the end of the  season to  

3 .77$. The 50° b u lb s , however, showed a g re a te r  in c rease  in
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sucrose, and the analyses on October 29 showed a content 

of ^ .66$. F in a lly  Table ^ shows the percentage o f reduc

ing sugars in  the 1931 hulbs. The 80° bulbs contained  

O.lj-3# of reducing sugars at the beginning of the storage 

p eriod . This amount decreased u n t i l  September 17, and 

then increased  to 0 . 32$ by October 29* The 50° bulbs showed 

a steady content between 0*59$ aad- 0 . 60$ during th e ir  per

iod  at 50°F.

Table 5 shows the changes in  moisture content, acid - 

hydrolyzable substances, sucrose, and reducing sugars of 

the bulbs under the conditions o f the experiment in  1933*

In the SO0 bulbs the moisture content varied le s s  than one 

per cent during storage. In the 59° bulbs th is  content 

showed a s lig h t  increase as the season progressed, follow ed  

by a decided drop. In the 50° bulbs there was a s lig h t  

d ec lin e , w hile in  the -̂0° bulbs a s lig h t  increase occurred.

The acid-hydrolyzable substances showed a gradual de

c lin e  from 26.87$ in  the 30° bulbs, w hile in  the 59° bulbs 

a drop was fo llow ed by a s l ig h t  increase at the end of the 

season. In both the 5O0 bulbs and the -̂0° bulbs there was 

a decline in  th ese  acid-hydrolyzable substances as the season  

progressed. On the la s t  sampling day the acid-hydrolyzable  

contents o f th ese bulbs were 2U.^5$ and 23*82$ r esp e c tiv e ly .



Sucrose in  the 80° bu lbs on Ju ly  25 was 2-33$* r-̂ ie 

con ten t v a r ie d  s l ig h t ly  during the  season and a t the  end 

was 3 .02$. The sucrose con ten t in c reased  in  th e  59°* 5^°» 

and UO° b u lb s  and on October 31 was U.3^$» U .6 l$, and b.6kfs> 

r e s p e c tiv e ly .

The p e rcen tag e  of reducing  sugars in  the bu lbs a t 

S0°F. s ta r te d  a t 0 .60$ , droxoped to  0 .^9$  on September 6* 

and th en  in c re a se d  to the end of th e  season, when i t  was 

0.6  4$. This con ten t showed a d i s t in c t  in c re a se  in  th e  59° 

b u lb s  a f t e r  they  ?/ere changed from 80°F. to  t h e i r  desig n a ted  

tem pera tu re . However, th i s  content again  dropped on October 

31 to 0 .^7 $ . The 50° "bulbs lik ew ise  ro se  to 0 .83$ and then 

dropped s l ig h t ly  to  0 .80$ on October 31» w hile the  40° bu lbs 

con tinuously  in c re a se d  in  reducing sugars as th e i r  s to rag e  

p e rio d  p ro g ressed ; the l a s t  a n a ly s is  showed th is  con ten t to  

be up to  1 ,08$ .

F ig u res  1 and 6 show curves fo r  th e  changes in  w eight, 

and m o is tu re , ac id -h y d ro ly zab le  substances, sucrose , and 

reducing  sugars co n ten ts  fo r  the  e n t i r e  p e rio d s  o f s to rag e  

o f th e  bu lbs in  133d and 1933 re s p e c tiv e ly .

I t  w il l  be noted th a t  in  193^ average shrinkage 

o f the bu lbs during  s to rag e  was about 20$, w hile in  1933 

the  shrinkage cen te red  around 10$. In both cases the  sh rink 

age was q u ite  g radual through the season. The tem peratures 

during  the  l a t t e r  p a r ts  of th e  seasons did not seem to have 

any g re a t e f f e c ts  on the  sh rinkage.
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The m oistu re  co n ten ts , which were c a lc u la te d  from 

w eights o f l iv in g  bulb t i s s u e ,  d id  not show any ap p rec iab le  

change during  th e  s to rag e  p e r io d  in  e i th e r  year o f sam pling. 

In  1931 th e  lo s s e s  a t  the  end o f the  season were on e i th e r  

s id e  o f one p e r  cen t, w hile  in  1933 a l l  the lo t s  l o s t  le s s  

than  one p e r cent except the  59° b u lb s , which lo s t  about 

2/o* The 59° curve dropped from the curves of th e  o th er l o t s  

between O ctober 3 and 31* lo s s  o f m oistu re  in  these  59°

b u lb s  may be of s ig n if ic a n c e , although  in  th i s  connection i t

must be s ta te d  th a t  th ese  bu lb s  had to be kep t in  a  sm ell ,

co ld  s to rag e  compartment in  a steam -heated  b u ild in g  where 

the  r e l a t iv e  hum idity  was low during October a f te r  the  steam 

was tu rn ed  on,

F ig u res  1 and 6 a lso  show th a t in  g en era l the curves 

o f ac id -h y d ro ly zab le  substances dropped as the s to rag e  

seasons continued* hie 80° bu lb s in  1931 an<i the 59° bu lbs 

in  1933» however, show s l ig h t  in c re a se s  l a t e r  in  the season. 

The in c rease  of th ese  substances in  the 39° bu lbs and the 

decided decrease  in  the k0°  bu lbs in  1933 nre notew orthy 

in  the l ig h t  o f anatom ical and fo rc in g  behav io rs which w ill

be d iscu ssed  l a t e r  in  th is  p ap er.



A ll the  curves fo r  the  sucrose con ten ts  of the hul'os 

show in c re a se s  as the  s to rag e  season i s  leng thened , except 

on October 3* 1933* when a s l ig h t  drop in  the  sucrose con

te n t  occu rred  in  the  30° b u lb s . Here again  i t  i s  of p a r t i c 

u l a r  in te r e s t  to  note th a t the  '40° bu lbs show a high sucrose 

con ten t conparable w ith  the  50° b u lb s . F in a lly ,  in  the two 

graphs the  curves fo r  reducing  sugars show in c re a se s  as the  

season p ro g re sse d  w ith  the ex cep tio n  of the 59° ^nd 50° bulbs 

a t  the  l a s t  sampling da te  in  1933 > and, niore em phatica lly , 

th e  50° b u lb s  in  1931* These d id  not show an ap p rec iab le  

in c re ase  or decrease  a f te r  September 17. As in  th e  case of 

th e  sucrose  co n ten ts  the reducing  sugars f r a c t io n s  in  the  

U0° and 50° bu lbs remained r e la t iv e ly  h igh  a t  the  end o f 

th e  s to rag e  season. This i s  o f in t e r e s t  ana w il l  be con

s id e red  under the  d iscu ss io n .



Discussion

These in vestigation s have shown noteworthy differences  

in  the forcing responses of bulbs held at d ifferen t storage 

temperatures* The anatomical and chemical changes occurring 

in  the bulbs during the storage period were no le s s  

remarkable* I t  i s  of especial in terest to note the re la tion 

ships obtaining between the forcing responses and the 

anatomical and chemical changes occurring during storage*

The evidence shows that the 50° bulbs gave the e a r lie s t  

sa tis fa c to ry  flow ering response* However, the anatomical 

and cy to log ica l evidence show that the 59° "bulbs were 

fu rth est advanced at the end of the storage period* The Uo° 

bulbs, which were decidedly le s s  advanced anatomically 

than the 590 bulbs, bloomed with the 50° "bulbs, f if te e n  

days ea r lier  than the 59° "bulbs* Only two of the twenty 

Uqo bulbs, however, flowered* The BOO bulbs, which 

were le a s t  advanced a t the end of the storage period, 

flowered la s t  and were the le a s t  vigorous*

D etailed  consideration of each temperature group of 

bulbs w il l  amplify the above statements* As has already 

been pointed out, the 50° bulbs flowered e a r lie s t  in  

sp ite  of the greater development of the 59° bulbs at the 

end of the storage period as shown by Figures 10, 11, l6  and 17* 

This forging ahead of the 50° bulbs bears out in  part the 

find ings of Blaaaiw et a l .  (3) that the ddveloping flowers



and fo lia g e  of bulbs in  storage at 13° C. (55° progress 

most rapidly in  July and August, “but that bulbs which 

are held at a lower temperature, 9° (̂ *S>o P .) during th is

same period w il l  flower e a r lie r .

The photographs of the hulbs at Uo° P. show that hut 

two of the 20 bulbs flowered; nevertheless none of the buds 

preserved on October 30 for anatomical study showed signs  

of death at that time (see f ig s .  12 and IS ) . Apparently 

death took p lace during the period of rooting or forcing.

The flowers of these bulbs could not respond to the conditions 

of rooting and forcing which were favorable to the flowers 

in  the other bulbs.

The SCP bulbs responded slow ly to th eir  temperature 

treatment. The photomicrographs for the 1931 and 1933 

work show a slow but continuous growth and development 

throughout the storage seasons, but there was not the 

activa tion  as noted in  the bulbs placed at lower temperatures 

eith er  in  the development during storage or in  the ultim ate  

forcing response.

Of in ter est are the photomicrographs showing the 

development of the anthers in  the flowers of the bulbs 

held in  storage at the various temperatures. These 

i l lu s tr a t io n s  show the anther tissu e  in  various stages 

of development from sporogenous tissu e  to young pollen  

grain s. The stage of the development of these anthers 

i s  d irec tly  correlated with the s iz e  of the flower buds 

in  a l l  cases. I t i s  remarkable that pollen  grains should



appear in  the developing flow ers more than three months 

“before the flow ers bloom* However, in  narcissus, at le a s t ,  

th is  seems to be the general rule# Hagao in  Japan (25) 

reported that fo r  Harcissus pseudonarcissus growing out-of-doors 

a t Byoto, Japan, the time to fin d  the redaction d iv isio n  in  

the p o llen  mother c e l ls  i s  from the middle of October to early  

November#

This in vestiga tion , so fa r  as the anatomical studies  

are concerned, proves that, using as an index only the 

length  of the flower w ithin the bulb daring the storage 

season, the time that a narcissus bulb w il l  flower a fter  

storage cannot be predicted# The anatomical and ey to log ica l 

evidence corroborates the findings of Lxuasden ( 23) , wan 

Slogteren (3l)» and Huisman (22) that narcissus bulbs are 

developing and growing w ithin themselves while they are in  

summer storage# As the w riter (23) has pointed out, th is  

development precludes reference to narcissus bulbs as 

dormant or in  a re s t  period during the summer i f  the terms 

^dormant*1 and Hrest period11 are construed to refer  to con

d itio n s in  the bulbs where no growth takes place# Such 

a conception of dormancy i s  stated  by Howard (21) and 

implied by M iller (2*0#

The noteworthy biochemical changes which occurred 

in  bulbs daring storage throw further lig h t on the anatomical 

and forcing behavior# These changes may not be causal, but 

at le a s t  they are indicators of physiological activ ity#



Blaauw e t  al« (3 ) postulated that in  forcing narcissus a low 

temperature (between 55 and U8 degrees F .) may be necessary  

fo r  the bulbs to make e ssen tia l chemical conversions. The 

graphs (F igs. 1 and 6 ) show that hydrolysis measured by acid -  

hydrolyzable substances proceeded more rapidly in  the 50° bulbs 

than in  the 80° bulbs. The anatomical and forcing evidence 

shows that the 5O0 bulbs developed more rapidly and flowered 

e a r lie r . The graphs show further that the 5Q0 bulbs contained 

more availab le food as sucrose and reducing sugars than did the 

SO0 bulbs.

The s im ila r ity  of the 1931 b u I  1933 resu lts  i s  sa lien t  

and in d icates a strik in g  d ifference in  the physiological 

a c t iv ity  of the 80° and 5O0 bulbs.

The 59° bulbs showed changes which were not consistent 

with those which occurred in  the 80° or $ 0 °  bulbs. Acid- 

hydrolyzable substances decreased in  the 59° bulbs u n til  

October 3 as-l then showed an increase again at the end of 

the season. Their sucrose content at the end of the season 

was r e la t iv e ly  high but th eir  reducing sugars content 

r e la t iv e ly  low. However, at no point in  the storage 

season were the amounts of sucrose or reducing sugars in  

the 59° bulbs equal to the amounts found in  the 5O0 bulbs; 

y et at the end of the s torage season the photomicrographs 

show the 59° bulbs to have developed and elongated more than 

the 50° bulbs.



h o .

The analyses o f the SO0 trait)s g ive  further evidence 

that an abundance of reducing sugars i s  not correlated  with  

rapid growth, for the 80° bulbs showed only s l ig h t ly  l e s s  

reducing sugars than the 59° bulbs on October 3 a^d more on 

October 31,

The 1*0° bulbs are s tr ik in g  in  demonstrating th at the 

content of a v a ila b le  sugars i s  not a d irect index o f growth 

a c t iv ity  in  n arcissu s bulbs* These bulbs through the 

season hydrolyzed more polysaccharides, had more reducing 

sugars, and contained nearly as much sucrose or more than 

any o f the bulbs at the other temperatures; yet the devel

opment and growth o f th e ir  flow ers w hile in  storage were 

not equal to  e ith e r  the 59° °** 5®° bulbs.

The flow ers of the 14-0° bulbs, however, forced as 

early  as the 50° bu lbs, but only two flow ers developed from 

the twenty bu lbs. The death o f the flowers in  eighteen  

out o f twenty bulbs which had been at ^0°F. would appear 

to be a sso c ia ted  with a high ava ilab le  sugar content which 

could not be u t i l iz e d  fear flower development at the low 

temperature or under the rootin g  and forcing con d itions.

I t  i s  conceivable that the low temperature e ith er  destroyed  

or rendered in a c tiv e  enzymes or some growth-promoting 

substance and th is  u lt im a te ly  resu lted  in  the death o f the 

flow ers. I t  must be borne in  mind, however, that the fo lia g e  

o f the bulbs was not a ffec ted . In th is  connection i t  has 

been noted that any adverse conditions to narcissus bulbs 

u su a lly  are f i r s t  noticed  in  injury or death to the



developing flow er.

Portlier studies on the e ffe c t  of the Uo° temperature 

are suggested* I t  i s  conceivable that a ^0° temperature 

fo r  a shorter time in  storage followed by a higher temperature 

more su ited  to elongation would g ive a combination capable 

o f forcing narcissus bulbs in  the minimum length of time 

without flower injury.

Prom the evidence on carbohydrates as shown in  Pigure 6 

i t  would appear that the sucrose content in  the bulbs at the 

end o f the storage period i s  an index of early flow ering.

She 50° and H0° bulbs had the highest sucrose contents and 

flowered f i r s t ,  followed by the 59°  bulbs, which had le s s  

sucrose; the 80° bulbs flowered la s t ,  having had the lowest 

sucrose content at the end of the storage period* I t  must 

a lso  be borne in  mind that the Uo° bulbs on the other hand 

produced only two flowers from twenty bulbs.

The 1931 work as indicated by Pigure 1 bears out th is  

correlation  between sucrose content and early  flowering* 

Hasselbring, s paper (19) a lso  shows a high sucrose content 

of narcissus bulbs at the end of storage correlated with  

greater a c t iv ity  w ithin the bulbs.

The 59° bulbs showed the greatest growth during the 

storage period. I t  w ill  be reca lled  that th eir  outstanding 

lo s s  of moisture might be due to the fa c t that the r e la tiv e  

humidity in  the place where they were stored was low between 

October 3 3^* Correction for th is  extreme moisture lo ss



would straighten out the curve for acid-hydrolyzable substances 

and p ra c tic a lly  elim inate the apparent r ise  as shown for  

these hulhs at the end of the storage season. This cor

rectio n  would a ffe c t  the sucrose and reducing sugars con

ten ts , making them lower, but only to a s lig h t  degree. But 

the reducing sugars content of the 59° bulbs on October 31 

i s  already lowest of a l l  the bulbs* I t  may be possib le  that 

the 59° bulbs at the end of the storage period could not 

convert stored food availab le su ff ic ie n tly  fa s t  adequately 

to accommodate the large amount of meristematic tissu e  

contained in  th eir  elongating flowers as shown by Pigure 10.

I t  i s  noteworthy that the moisture contents of the liv in g  

bulb t issu e  in  both 1931 1933 remained so nearly constant

throughout the storage season. While the whole bulbs in  

1931 lo s t  about 10$ of th eir  weight and those in 1933 lo s t  

around 20$, y et fo r  the two years the moisture content of 

the liv in g  tis su e  was held w ithin c lose l im its .  The work 

of Hasselbring ( 19) in  I929 a lso  shows the consistency of 

th is  moisture content for the l iv e  tissu e  of the bulbs during 

storage.

The a b i l i ty  to maintain a rather steady moisture con

tent suggests a consideration of bound and free  water in  

the bulbs to determine i f  the former i s  related  to th is  

a b i l i ty  to r e s is t  water lo s s .  The highly hygroscopic nature 

of the bulb t is su e  which was moted in  determining the dry 

weight of the tissu e  also  supports such a supposition.



A further consideration of the moisture content 

suggests the p o s s ib il ity  that the rapid growth organization  

of the 59° ’bulbs permitted a releasing of the bound water 

in  the bulbs* The drop in  the moisture content curve at 

the end of the season might then be due more to th is  phe

nomenon than to the fa c t  that the re la tiv e  humidity was 

low in  the storage chamber*

Because bulbs are constantly growing in  storage 

i t  i s  d i f f ic u lt  to consider an equilibrium of acid -  

hydrolyzable substances, sucrose, and reducing sugars 

at any given storage temperature* I t  i s  probable that 

the constant increase in  meristematic tissu e  would cause 

a constant change in  th is  equilibrium although the 

temperature remained the same* Benny (5) has suggested 

the existence of a starch-sucrose equilibrium in  working 

with potato tubers in  storage but questions whether the 

relationsh ip  i s  direct* Narcissus bulbs, however, show much 

more growth a c t iv ity  in  storage than potatoes in  storage* 

Biochemical evidence, together with anatomical and 

forcing responses, suggests that further studies of 

storage conditions would y ie ld  valuable physio logical 

information and p ractica l applications* I t  remains to be 

determined whether a shorter -̂0° F* storage temperature, 

which has been shown not to be favorable for rapid growth 

w ithin the bulb, may not induce an even more rapid flowering



response and at the same time avoid the death of the blossoms* 

I f  such should he the case the p ractica l applications of 

value to f lo r is t s  are apparent*
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SUMMARY

Burba of King Alfred narcissus (Narcissus -pseudonarcissus L*) 

were dog from the f ie ld  in  the early summer of 1931 and another 

lo t  in  1933* These were dried and placed in  storage at SO0 F.

Hear the middle of the storage period the hulhs were divided into  

lo t s ;  in  1931 equal numbers were continued at 80° F* and placed at 

50° F .; in  1933 equal numbers were continued at 80° F*, placed  

59* 50» and Ho degrees F* The hulhs are spoken of as 80° hulhs, 

59° hulhs, e tc* , depending upon the temperature to which they 

were subjected during the second h a lf of th eir  storage period* 

During the time the hulhs were in  storage, between 

la te  July and la te  October, samples of the hulhs were taken 

at in terva ls  to study carbohydrate and anatomical changes 

w ithin the hulhs* Some of the hulhs under the storage con

d itio n s  named were forced at the end of the storage period*

The hulhs in  1931 lo s t  around 20$ of their weight 

w hile in  storage, while in  1933 d°ss weight under the 

four conditions centered around 10$.

The moisture content of the fle sh y  parts of the hulhs 

did not lower more than two per cent under any conditions 

and in  most cases was le s s  than one per cent* S light increases 

in  these contents were manifest at some points*

The amounts of acid-hydrolyzable substances, sucrose and 

reducing sugars are calculated on a basis of 100 gms* of bulb



he.

t is s u e  at the time the samples were preserved in  alcohol*

The acid-hydrolyzable substances in  the bulbs showed a lo s s  

in  general during the storage period* The sucrose contents 

showed gains with one exception during the same period* The 

lo s s  was in  the S0° bulbs between September 6 and October 3* 

1933* reducing sugars contents of the bulbs lik ew ise

showed gains throughout the storage period with few exceptions, 

notably in  the 59° bulbs between October 3> to JL, 1933*

There does not appear to  be a corre la tion  between the 

lo s s  o f acid-hydrolyzable substances and gain in  sugars w ith  

the growth and development o f the flow ers in  the bulbs dur

ing storage. The very a c tiv e  59° bulbs showed le s s  hydrol

y s is  than the r e la t iv e ly  in ert 80° and k0° bulbs throughout 

the storage period . In the 4o° bulbs growth in storage was 

notably contrary to  hyd rolytic  p rocesses. After these bulbs 

had high sucrose and reducing sugars contents the growth con

tinued slow ly. Apparently the low temperature in h ib ited  

m etabolic a c t iv i ty .

The u ltim ate  forcing responses seem to be a ssocia ted  

w ith sucrose contents during the storage season. Under a l l  

the conditions o f storage in  1931 and 1933 high sucrose con

ten t in  storage was correlated  with early flow ering.

Photomicrographs of section s made for anatomical study 

of the primary buds of the bulbs show that the flow ers are 

already formed in  the buds in  July for flow ering the fo llow ing  

spring. These i l lu s t r a t io n s  a lso  show that the d if fe r e n t ia t io n



and growth of the flow ers took place in  a l l  the lo ts  of hulhs 

■under a l l  the conditions o f the experiments and during a l l  the 

in terv a ls  between the times of sampling*

Other photomicrographs showing the anthers within the 

developing flow ers reveal that the growth o f the flowers i s  

correlated  p o s it iv e ly  with the development of the pollen  grains 

in  the anthers*

In storage the growth was most accelerated in  the 59° 

bulbs, then the 50°» ^0°* and 80° hnlhs respectively* In the 

1933 forcing of the bulb?*however, the 50° and U0° hulhs 

flowered f i r s t ,  then the 59° hulhs, followed by the 80° bulbs*

Yet in  the ^0° hulhs only two of the twenty bulbs bore blossoms*

The balance of the buds were found dead at the centers of the 

bulbs* This occurrence seemed associated with the high sugar 

content of the bulbs, coupled with the lack  o f conditions favor

able for elongation* Prom the above i t  i s  apparent that anatomical 

development in  storage i s  not n ecessarily  an index of forcing re

sponses*

The complete data suggest that a temperature of hO° for a 

b r ie f  period of time in  storage followed by a higher temperature 

around 59° V* may be the optimum temperature for early flowering  

of narcissus bulbs, the lower temperature to hasten conversions 

anfl the higher temperature to promote metabolic a c t iv it ie s  and 

elongation*



Figure 1* 1931 Investigations

Chart showing the weight redaction in  h a lts  

daring stor&gei also the mol store, add-hydrolyzable 

substances, sucrose, and reducing sogers contents# 

based on 100 gas. balb tissue  a t the tine  i t  was 

preserved in  alcohol*



4 9 .

r 1931

L

Changes  In  Narcissus  B u l b s  D u r in g  S t o r a g e
J u ly  21 to  S e p t-2 , 1931- o il b u lb s  a t  8 0 ° E  

 S e p t  2  t o  O c t. 2 9, b u lb s  a t  °/T 0 4  m d ic a te d ___________
PER CEMT.

■sol 
-so:

■so:^  MOISTURE C O N TE N T

-50°.

65

-80 -

ACID HYDROLYZABLE SUBSTANCE.25
-5 0 ‘

24 -

-5 0 '

-80 -

SUCROSE

■50° 

•8 0-REDUCING SUGARS
20 .23

JULY OCT~AUG.

A

riQ . 1



Figures Z and 3. 1931 Investigations

Photomicrographs of sections showing the 

development of flower fends in  narcissus fenlfes 

during storage.

Figure 2 i s  from a feulfe on July 1, the 

day a f te r  the feulfes were dug.

Figure 3. i s  from a fenlfe on August 31, 

a f te r  the fenlfe had feeen in storage a t  80° F. 

since July SI.
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Figures 4 and 5* 1931 Investigations

Photomicrographs of sections showing the 

development of flower fends in  narcissus feulbs 

daring storage, She illu s tra tio n s  show the 

conditions In two bulbs on October IS,

Figure 4 i s  from a bulb which was hept 

a t 80° ?• from July 21#

Figure £  i s  from a  bulb which was tra n s 

ferred from 80° F# to 500 p, on September 2,
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Figure 6* 1933 Investigations

Chart showing the weight redaction in  bulhs 

daring storage; also the moisture, acid^hydrolyzable 

substauoes, sucrose, and reducing sugars contents, 

based on 100 gas* bulb tissue a t the time i t  was 

preserved in  alcohol*
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Figures 7 and 8* 1933 Investigations

Photomicrographs of sections showing the 

development of flower buds in  narcissus bulbs 

during storage* The figures dhow the conditions 

in  two bulbs placed in  storage a t 80° F* on 

July  21*

Figure 7 is  from a bulb on July 2 A .

Figure & i s  from a bulb on September 5*
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Figures 9 and 10. 1933 Investigations

Photomicrographs of sections showing the 

development of flower buds in  narcissus bulbs 

during storage* The illu s tra tio n s  show the 

conditions in  two buds on October 3©*

Figure 2  le  from a bulb which was kept 

a t 80° F. from July Z l •

Figure 10 i s  from a bulb which was traae* 

ferred from 8 0 0  p# to 59® F# on September 5.
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Figures IX and 12* 1933 Investigations

Photomicrographs of sections allowing the 

development of flower hade in  narcissus hulbs 

during storage. She illu s tra tio n s  show the 

conditions in two buds on October 30.

Figure 1^ i s  from a bulb which was traas* 

ferred from 60° F* to 50° F. on September 5.

Figure 12 i s  from a bulb which was trans

ferred from 300 f9 to 400 F. on September 5.
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Figure 13. 1933 Investigations

Jhotomiorograph of a  seetion showing the 

sporogenous tissue in  the anther of the flower 

bud shown in  Figure 7.
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Figure 14* 1933 Investigations

Photomicrograph of a section shotting the 

sporogenous tissue in  the anther of the flower 

bud shown In Figure 8*
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Figure 15* 1939 Investigations

Photomicrograph of a section showing the 

sporogenous tissue  In the anther of the flower 

hud shown in  Figaro 9.
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Figure 16. 1933 Investigations

Photomicrograph of a section shoving young 

pollen grains in  the anther of the flower had 

shown in Figaro 10*
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Figaro 17. 1933 Investigations

Photomicrograph of a  section shoving the 

breaking up of the te trads in  the anther of 

the flower had shown in  Tigare 11*
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Figure 16. 1933 Investigations

Photomicrograph of a  section Showing the 

prophase of the f i r s t  division of the pollen 

mother c e lls  in the anther of the flower had 

shown in  Figure 12*
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Figures 19 and 20. 1933 Investigations

Photograph showing re su lts  on January 26, 

1934, of forcing halts*

Figure 19 righ t “80° halts"  

le f t  "590 h a lts1*

Figure 20 le f t  "500 halts"  

right "400 halts"
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Figure 21. 1933 Investigations

Photograph on March 5 of new vegetative 

tads a t the bases of the scapes of four of the 

bulbs shown in Figures 19 and 20. Note the 

dead unelongated flower had shown with the 

vegetative had of the "40° bulb."
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