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Abstract : An iovestigation w-as conducted to detei-nunc thehifluence oC the storage of 
cabbage, cxro t  and beet plants a,t low temperatures (0.5 to l.O°C and 7.0 to 8.S°C) for 
different durations (15 d q ~ s  to 60 days) on their flowering when they were s t~bseq~ie~~tly 
plaited in the field s t  t m  locations in Sri Lanka having different elevations jl(undasa1e. 
450 m and Nowara 'Eliya, 1,850 m). 

The results indicate t11a.t all the czbbage plants that were pre-stored at 0.5 to 1 .O°C for 
40 days flowered wLm they were planted at  Nu.wara Eliya. Only a maxinlum of 57.14% 
flowered at Ki~~~dasale .  Carrots stored at  the sane temperairlre for 50 da.ys gave the 
best respcnse (IS % iiovr'ering) vt11ei1 grown at Kundasalc. 'The survivd of the plants 
at a location was zssociated wit11 the incide~:ce of rainfall after field plxnti~ig. The lower 
rnes.11 ternpeca,tr?i.i: nt Nuwa.r:~ Eliya. promot65 Aowering a d  the deve!cpment of the 
normal i~floi'escci~c~s in cabbage while it suppressed floweri~~g in carrot. The higher 
meat temperxtura at Kundasale promoted flowering in carrots and pe.rtially irihibited 
!%)wering in czbbagc and supprt3sseit the development of i?orrnal jnfloresc~nccs. Beet 
did cot i-espcnd to the treatnlents. 

Biennial, exotic vegetab'lcs like cabbage, Brassica oleracea var. ctrpituta L., carrot, 
l)crwcz~.s cworn var. sntivn L., and beet, Beta vulga~i:: L., are grown in several parts cf 
Sri Lanka under diT;::rent agroclimatic conditions. Their cuitivation is coilcentrated 
predominantjy in thz highlands at eleva.tions ranging horn 750 to 1,900 rn. At these 
elevatiolrs vegetative growth is normal, and fresh market vegetables true to type are 
obtained throughout the year. However, even duringthe coolest lnocths of the year, 
field terilperdures are not low ellough to i~lduce natural flowering. Conseq~xcntly, 
the szed req~lirement for commercial cultivatio~ls has to be imported a.irnually, 
utilizing scarce foreign exchange. If the seed could b2 produced locally, besides 
conserving foreign exchange, a new form-of agricrilttrral enployment could be 
developed by diversifying the use of some land for the production of secd of 
exotic vc.getl;bles. 

A pre-requisite fer sced probuction in tliese vegeiables is flovrerjng. Miller3 lraS 
rcpol-tcd that ca'uh::~: Liezds flower iC they were pre-stored at 4.4"C for 30 to 60 days 
and then planted i~ tthe field. Carrots when pre-stored at 4.4 to 10.O°C for 15 to 60 
days were shown to flower by Sakr and 1-hcrnp~on.~ Beets were hund to require 
higher storage tenperatures ranging from 8 to 18°C for 2 to 3 ~nonths.',*,~.~ The 
experiments reported here wzrc att?!npted to examine whether exotic vegetables would 
flower under field conditions in Sri Lanka wl~en they were plantcd after they bad been 
pre-stored in cold temperatures. 
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2. Materials and Methods 
2.1. Experiment I 

The experinlent was conducted at the University Farm, Kt~ndasale (elevation 350 t l ~ )  

from 24 December 1970 to 31 May  1971. 

2.1.1. Treatment of the plants for cold storage 

Beet : Whole plants of the cultir~ar Detroit Red were uprooted orr 23 December 1970 
keeping much of the root tip intact. The outer leaves were rernoved at the base of the 
petioles, le~ving the small apical leaves and the apical bud Intact. The plants so 
prepared were dipped in a solution of cupravit (50 % copper oxychloridc), at a dilution 
of 1 gm in 2.5 litres of water and air dried. 

Cabbage : Plants of the cultivar 1(Y cross were uprooted with their roots intact on (1 , 
23 December 1970. After removing their outer leaves, the plants were dipped in the 
solution of cupravit, a.s for beet, and air-dried. 

Carrot .- Whole plants of the cultivar Cape Market wcre obtained from the wholesale 
market in Kandy. They were prepared for cold storage as for beet. 

2.1.2. Cold storage 

One lot of treated plants of beet, cabbage and carrot was paclicii in wooden cratcs 
lined with white polythene and stored in a cold 1-00111 at a temperaturc of 0.5 to l.O°C. 
Another lot of bzet and carrot .was packecl in sealecl white polythcne bags ancl stored 
in a refrigerator at a temperature of 7.0 to 8.5"C. Sub-lots ofthe plants ;yere removed 
from cold storage for field planting at  intervals of 15 days, 30 days and 60 days. 

2.1.3 Field planting 

The three kinds of vegetables were planted in separate blocks in the sitme field. Each 
plot of cabbage had 10 plants replicated 3 times. Each plot of bectfand carrot had 
10 plants replicated 4 limes. Planting was done the day they were removed from 
storage. 

Cabbage was spaced 60 cin in the row and 90 c l i~  between rows. Beet and carrot 
were spaced 15 cin in the row and 60 cm between rows. One week after the cabbage 
was planted, a cross shaped incisioil 2.5 cm deep was made in ihe head. 

Recommended practices were adopted for pest ancl disease con.tro1 and fertilization.' 
The plots were hand watered regalarly. 

a 
r 

2.2. Experiment n[ 

This experiment was conducted with cabbage and carrot from 13 November 1971 to 
I5 April 1972 at  the University Farm, Kundasale and the Crovern~nent Research 
Station, Nuwara Eliya (elevation 1,850 m). Plants were stored for 40 days, 0 days 
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and 60 days at 0.5 to 1.5"C in a cold room. The method of pre-treatment and field 
plantirig was identical to experiment I. Plants of each treatment were removed from 
cold storage and one lot was planted in Kundasale the same day, while the other lot 
was planted in Nuwara Eliya the next day. 

3. Results 
3.1. Experiment I 
The proportion of cold stored plants which survived and flowered after transplanting 
in the field is indicated in Table I. 

3.1.1. Cabbage 

All the plants that werestored for 15 days and 60 days at 0.5 to l.O°C survived in the 
field for 30 days: -After that, the plants of the 15-day treatment showed a loss of 20 % 
plants, whereas the 60-day treatment did not record a loss. Plant survival in the 
30-day storage treatment was 46.66 % ; this was maintained until the end of the trial. 

Flowering was observed only in the 60-day treatment. Two plants flowered, one 
in 19 days and the other in 22 days after planting, to form small and poorly 
differentiated inflorescences. 

3.1.2. Beet 

Plant survival was highest among those stored for I5 days at 0.5 to l.O°C. At this 
storage temperature, plant survival decreased when the period of storage was length- 
ened. All the plants which grew and survived for 30 days continued to do so until 
the end of the 90-day trial period. 

The plants that wcre stored at 7.0 to 8.5OC for 15 days and 60 days showed a 
lcsser survival ability when compared to those stored at the lower temperature regime. 
Plant lnorlality in the 60-day storage treatment was particularly high and only 17.5 % 
su~lrivcd the first month., 

Flowering was not noticed in any of the treatments. 

3.1.3. Carrot 

Only 3.30% cf the plants stored for 15 and 30 days at 0.5 to l.O°C survived the first 
month after transplanting. None of the plants oC the other treatments survived the 
first month. One plant of the 30-day low temperature treatment flowered in 43 days 
after planting. 

3.1.4.' Rainfall 
Table 2 gives the total rainfall and its distribution from 1 January 1971 up to the end 
of March 1971. Rainfall was high during the weeks when the 15-day and 60-day 
treatments were planted on 8 January and 27 February respectively. Rainfall was 
low during the week the 30-day treatment was planted (23 January 1971) and it was 
followed by a dry spell of 3 weeks. 
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TABLE 2. Amount of rarnfall and its distribution ai 
Kundacab and Nuwara Efiya. 

- - 

Rainfall 

Week 1971 - -- 

Jan. I -Jan. 7 
Jan. 8 --.Tan. 14 
Jan. 15-Jam 21 
Jar1 22 -Jan. 28 
Jan. 29 -- Feb. 4 
Feb. 5 - Feb. 11 
Feb. 12 -- Feb. 18 
Feb. 19 - Feb. 25 
Feb. 26 - Mar. 4 
Mar. 5 - Mar. 1 l 
Mar. 12 -Mar. 18 
Mzr. 19 -- Mar. 25 

--- - - - . 

Total (mm) NO. of days 

3.2. Experianemt IE 
3.2.1. Plant .survil)srl 

Cabbage plants that were cold-stored for 60 ciays survivecl better at both locations 
during the entire exp~simental period whet1 compared with the other two storage 
treatments ('Table 3). The best survival w a s  recorded among plants that were stored 
for 60 days a ~ ~ d  then. field planted at Nuwar2 Eliya. The rate of loss of ficld plants 
was  highest d1.1r.3r1g the first 30 days in all trea.trneaits at both locations. .4Cter 30 d a y s ,  
the ratc of Ic-ss c;f plants was in generallo~i~er in Nuwara Eliya. 

.!';I gea!:ral, carrijt. survived 'octtc: thal? c3bbage at both loc:rtions whcrj they were 
prc-shred at t1i.i: sanxc te;npewl:ure for co:srparable durations n.f storage (Table 4). -. As in cabbage, the rale ooi; loss was high ciutizg the first 30 days ; but the losses were 
lo~ver in carrot. With tile exception of the 40-clay storage treatment, the rate of loss 
of -6elci plants after 30 days was: iower in N:~wara Eliya. 

Cabbage plants of all three storage treatments ffvwered at 170th locatio~~s (Tablc 5)- 
All the plants that survived in N:rwara Eliya flowcred to givc norn~al, well grown 
inl-lorzscenccs. The floweriilg response at Kundasale was lower it1 all the trc~tments 

N and tlie best response (57.14 %) was recorded for the 40-day storage treatment. The 
inflorescences so f o ~ ~ i ~ e d  were poclrly develcprl. Although the a~~eragc rlumber of 
days to flower was diifcrcrli. for the 40-day, 50-day and 60-dzy treatments, in general, 
all healthy plants corr~pleted flowesizig within 7 weeks. 
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The Aowering response in carrot was better at ICundasale. At this location, all 
three storage treatnlcilts had flowering plants but the proportion of plants that 
flowered WAS low. The best response (1 I .66 x) was recorded In the 50-day trcat~nent. 
At Nuwzra Eiiya. the 40-day storage treatment did not ind~lce flowering. TIX each af 
the 50-day and 60-day treatme~ts, l~owe~~er ,  one plant flowered. As in cabbage, the 
pla-nts that flowered did so within 7 weeks. 

3.2.3. Clirrrutic Data 

Rainfall and teinperature recordings at Kundasale and Ntiwara Eljya from the first 
planting date (22 Decembcr 1971) up to the end of 7 weeks after the last date of 
planting (19 Janr~a-ry 1972) are given in Table 6. Both the amount of rainfall and its 
distribution were poor in Kundasale when cornpared wit11 Nuwara Eliya. Kundasale 
received 5.25 mnl on 6 days during this period. Rainfall was recorded during 
4 different weeks, while 6 weeks were dry. Nuwara Eliya ilad 10.36 mm of rain on 
12 days during Ihe same period. Rainfall was recorded during 6 different weeks, 
followcd by 4 dry weeks. 

The weekly variation of the maximum and nlinimunz temperature within each of the 
two locatio~ls was small. Between locations, Nuwara Eliya, being at a higher 
elevation, had a lower average lnaximum and minimum temperature througlxout the 
experimental period (Table 6). T h e  tnean temperature at Kundasale and at Nuwara 
Eliya for t!le entire period was 26.3"C and 18.6"C respectively. 

4. I)iscussion 
The survival of field transplants of exotlc vegetables in Sri Lalika after thcy have been 
prc-rtored at  a cold temperature is essential for seed production. 111 this respect 
survival during the iirst 30 ddys was critical, as the first experiment has shown that 
alinost all the plants that surv~ved thc first 50 days, survived until the end of the cxperi- 
~acntal period of 90 days. For beets, a longer storage period was less desirable. 
It was more so when the storage temperature was highzr and wss probably associated 
with the breakdow~i of the stored products, because many beets vrerc observed to bc 
less firm a t  the lime of planting when the duration of storage was longer. The second 
experime~t co~firmecl that the fit st month was a critical period, became mortality was 
highest for both cabbage (Table 3) and carrot (Tablc 4) durlug t h ~ s  period. 

The first experiment sr!ggested that the survival of cabbage at Kundclsale was 
inflrrenced by rainfall. The 15-day and 60-day treatments survived best, because it: 
had rained soon after transplsnting (TaS!e 2). The 30-day treatment had a high 
nlortality as it was associated with relativejy loiv rainfall during the week after traas- 
planting which was followed by a dry spell of 4 weeks. Even though the plants were 
~rrigaled, the bright, warm and sunny days which are common at  Kundasale during a 
dry spell would not have beea suitable for the quick establishment and high survival . 
of new transplants of cabbage that had a large mass of succuient leaf tissue and no 
functional roots at transplanting. 



I'he Gvst experiment aiso suggested that the plan!s should bt: stored for inorc than 
30 days at a low temperature t c  induce flowering in cabbagc snd con-oi. 

The second experiment was planncd to narrow do~vn the durirtinn of co!d storage 
that was necessary to induce flowering in czbbage and carrot and in addition to 
determine if a locatiori with a lower mean temperature would have an influencz on 
survival and Ilowering. Nuwnra E!iga pmved to bc a better location 1.x th:: fiel~l 
surviv;il of cabbage, ndt only during the critical first mont11 bur also suhscq~ci~t  to it .  
The Iugher mortality ~fcabbage a t  Kundasale may have b c ~ n  d l i ~  to tltc lowcr rainfall 
and its poor dibtribut~on wheil compared cvitil Nurvarn Eliya ('Table 6). Perhaps 
lesser cloudiness and the higher intensity or radiation liiay llavc: :~lso encouraged the 

v 

rapid desiccation and detcrioraiion of plaqt; at Kun:lasale. Alt11wclgil therz was no 
difference in tlte field survival of carrot during the first month In the ts.vo locations, 
Niwara Eliya was a better location for longer suryival periods. Czrmt was a hardier 
plant than cabbage at both locations. Rainfall would h a w  inililenccd the bettcr .c 

survival of carrot at  Nuwara Ellya, as in  the case of cabbngc, but its clTccr \\.as less. 

A 40-day cold storage war cliCliclent tc: I I I ~ L I ~ C  c,~bb,igt: to llowzr. Ever) Lha~~gh 
some carrot plants that were stored for the same !,::lgtii of t~rne flowered, a 50-dflY 
treatment was rrlorc effcctivc (Tablc 5). Even thoiigll the floral primod~a ~r i t i ld  hc 
induccd to fonn, the development of the inflores:cnce In the field ~ : 1 \  ~n!luencecl ly 
the field temperature. The lower temperatures at hruw;zra E1ip.t v;oi~ld havz ass~stzcl 
the elongation and devclopmcrtt of a norinal inflor-escmce in cabbage. At Kund.~>.rle, 
however, the lower proportion ef flowering plants am1 t l ~ c  po,v dcveloprncnt of the 
inflorescences that enlergcd :'so111 the 11eaJs of cabbage plants would have bccn c!!~e to 
the higher mean ten~perattires. Even in plants which d~cl not show ail inllorc~cencz, thc 
induction of thc floral primod~a woulci have occurred in storage hut tllc higher field 
tcn~peraturt would l~ave  suypresbed furthcr development, even tilough thc diffcrcnce 
in thc mcan temperatures between the two locations was oi:ly 7.7"C. A sinl~lnr 
relationship has been observed by Miller.3 In htc tna!. cahb:izc plants tli,:t cv.vzsc 
grown in a 2G°C greenhouse did not flower, whereas all th.: plants thnt arew In .L 12.50C 
greenhouse flolvered. Cn carrot, however, the higher licld tcmpec*tiii-e a t  Kund21salc 
promoted the rlevelopnlent of the inflorescence. Bat the r7la-jority or cat rot plants 
d ~ d  not show a visiblc inflore-escence. Perllaps un&r fiehi condit~onc m Sri Lanka, 
carrot may rcquirr: 3 still higher field temperat~irc Ib1 ttlc ctev,iop~?le;~i of rts 
inflorescr11c.e. A location i n  the dry zans lowlands of SI I T artl~a woulcl be Inme 
sunable. 

The writer wisl~es to thank the Parrn .Msnager, University Farm,  Kundasali: anii 
Mr. Cedric V3z. Research Ofiicer in Charge, Sita Eliya Expzrimental Station, for 
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