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Abstract, 

This study Was' carried out to ckt;':"'ine theejfo~ o;izarve~t i1ietit'oas (jirJ'ximal luiamedidnhcirve'sts) on yield and 
. (.-., ·~-.·I· '.~ :. ,., . ;- .. ,-~ ..... \\~ .. , .. " 

quality of marketable flowerspf greenhouse hybridtea rose' (Rosa hybtida L.)cultivars of (ii1ferent growth habits: 

'0~'cf/~~' 'q;a~i/Giulq' rffP;e.srnted ~/tiv;'~ ofViion:Aj{gf/Jwih.fz:zb~t~~f!':ea.s.):1Valdi' Ye~i;Sented tho~e?f 
non-vigofW:IS gnJw th habit The proxilJlal 1uJ11Iest method Significantly if!dJiced the ,number of marketable flower 
stems of non-~iioy?us P-tltivar~.but did not signifiCantly affi~ttIJe nfJ!1!Per. affl9'we/jtems OfvigOr6us eulfu,ars.The 
p'roximal harvest l!wil:zOri GJ:~ im~ed fliJwe~quality in t~?jia~s. Nni!hS QTJdwe!ghts. afindividual flower: 
stemsofboth vigorous and non-vigorouscultivars. Accordingtomarket studie,s, the prozimOl hqrvest method would 
i~cre~ revef1JJe:from vigorous .culfri,ars 'an'd decrea5e rev~~e from non-Vigorous ones. ',The ,median :haniest 
method sh~ld-be'applied to non- yigorou'5 Rose cultivqrs . . :.:: - ' ' - ,.; " _ .. 

Key words: Greerihollse' rose, h~est methods, growth-habits, 'yield and guality of flowers 
,- ',' !'! '. • . . ~ ) 

Introduction 

A hybrid tea rose (Rosa hybrida L.) stem can 
be divided morphologically into three major 

positions:-,th!! pto?'i~al, median and distal posi­
tion. The proximal posi'tion is located at the base 
of the stem and is'cliaracierised ~y the presence'of 

'I c' "', , 

stiPuI<tr buds and leaves, with one to three leaflets, 
The median position is situated at the middle of 
the st~m and is distinguished by the presence of 
leaves with five to seven leaflets. On the other 
hand,; the dis!al position is. identified by lower 
leaves with'ihree":.leafletsand:upperleAves with 
one-leaflet (Zainski et al., 1985 ;'L(!'Bi'is'et a1., 
1996), ':. -~. " , • .' 

Tradit.ionally, green40llse roses'are barye'sted 
by cutting marketable flowe'ts ahove ilie'~econd 
five-leat'lM'ldr-ofme'nie'd'i'ari pashio'n, and 

•. , I ,,' 

removing non-maIketqbleflowers. Flowef'stems 
, ',: .4.., ~ ~. . ~ \. '. l - '.: l ',., '.: :. .., 

I -: ,,~ ",,' J-~I 

*Correspondfug author - .. 
· ~ -. , 

\. , ," . 
..... , " I \ 

~ ,harvested by this method are shorter and thinner; 
thus poor quality (Champeroux et al., 199~; 
Morisot, 1997).-Morphogenetical studies report 

-that length and diameter incr:ease as stems are 
',cut downwards along the mother stem (LeBris 

etal.-; 1996; 1998). Likewise; pruni,ng off Qf 
~~b,ending'down n()n-maIketableflower stems is . 
,reported to iQcrease, flower .q~lity i~ ,tenns of 

"weight, diameter aJl.d lengt4 (Morisot, 1996~; 
1997). However, no research has been c;onducted 

. Qn the effects of haryesting at proximal position 
:' 2j)nib'ip.§d w.ith·beiidi~~. 4()~n' ~9h, .harke,table 
~,,f1ow~r,:s(eiris c:in; yield lm<.i qUaHty of.~~~table 
: :.t1owers of greenhouse T?se .~~Jltiya~. of different 
'. growth habits. ' .. . 
~ .. :, The obj ect'ive: of this study: was tddetermine 
.. th~ ~ffects of fui~est' methods oilUower vield 
;:ahd ~uhlit)/of\rigorous and non~vigoroiis green-
, , house roses. ' ", 

',t ; ~. :. ~ •.• 
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10 T.J.Msogoya and Morisot, A 

Materials and Methods 
The study was carried out at 'TUnite des 

Recherches Integrees en Horticulture de l'lnstitut 
National des Recherches Agronomiques" in 
Antibes. Frnnce. T"·o cUltivars (one,with vigorous 
and theqther. with nClll-vigorousgiowth habits) of, 
hybrid tea ro'se"\'vere grown 'in'iglasshouseon 
soilless culture. The cultivar 'Grand Gala' or taxo­
nomically 'Meiqualis' has vigorous growth habit 
whereas Vivaldi or taxonomically 'Ruidriko' has 
non-vigorous growtli. 'These cuIti~ars were gnU ted ' ' 
on rOse rootstock (Ro/;a indica L. cv: Major) two 
years prior to the experiment, and planted in 
one::lilre containers filled with perltte. The plant- _. 
ing density was eight plants/m2

. 

The computer-controlled greenhouse main­
tain~d an average minimum!. maximum night and 
day "t~,mperatunes of 16/22.? °C ~ndi3/31.3 ~<;re~ " 
·spectively. The relative humidity was maiQiained 
above 50 %. Plants received an average solar radi~ 
ant energy on057 J/cm2/da)·. The 'cC?ncentration , 
of tlie nut[it~~e,'sC?luti~n ";~~ as i~~~.n.lIi~e,~ded+~r' ", 
~hamp2~ux et al. (~.?6) and consisted of K; _= 
1,7. Ca '= 6.7,Mg' = 1':5:'S= l'.O;N·N03,·= 
"'+ .,' '.' , ... 
<) I. N-NH.,r = 1.5 and P = 0.2 meq/litre: The sO-' , 

Inttiel mother stems cut 
, above the 'sf l-Ieilflr:f leaf 

--:A Newty formed 

, t Newty formed ~ 
'~hO""'.tObl.flowe •• 

bent maaa of unmarketable 
flower stems flowers alao bent 

101 ,Ibl, 

- ':' ~~~~ :.' ~ 
Figure 1: Proximal hanest method: (a) two. initial 

mother mother branches with bent mass ofunmarl!.eta,~le 

flowers at the beginning of the experiment and'(b) newiy, 

fonned marketable flowers 
_,.' .. '. _ ,",,' ' ..• '., _ ',1."., -, •. ',-, 

(ii) Medianharvest method:, The previously' bent 
, non-marketable flo~:er stems 'were pruned 

'off. The two up-hght'stems'ilfisin!rffoiri 
basal buds were c'ut above:tliese'cond' 
fi,'e~Iea;m:tieaf'6ft~e niedianp<)sitio'n. The 

hnion electric conductivity varied between 1.2 and·, ., 
I,~ mS/cm and, pH between 6.0 and 6.5. 
Fcrtigation was cS'}1trbllect 'by co'mputer b~sed 'on 
global solar radiation, and was not recycled. 
Plant's \"ere irrigated when the cumulated glob'al 
solar radiation reached 150 J/cm2: 

'·· .. subse·quent"i'llatketable'flciwer stems'were 
, .... also har.vested'bY'ctiiting'ab'ove the second 

, five-kafle! leafinan ascendingotder. All 
: blind shoot, thin and:malformed stems were 

re,mo,ved away ,<Figu~ 2J 
... , _, _....... ,0.'. I I r. 

P'rior to initiation-of the experiment; market­
ilbIe flower stems from both cultivars were har­
vested by cutting at the basal position (2 cm above 
the base of the mother stem) and by bending down 
non-marketable flower stems. Each mother plant 
in a container consisted of two main branches. 
Thereafter the following harvest inethods were 
evaluated: ',:. ....., . 

(i) Proximal harvest method: The previoQsly bent 
" " 'mass cifno.n-marketabl~ fJower bratfc~ies~as 

left untouched. The two upright stems; 'arising 
froin basal bud~. wer'e cur above the 'first 
three-leaflet leaf (~bout 2-3, cm)rro'riJ th~ base 
of the. ste~. The',buds \viiiCh de,'eloped from 

, _ thes'e ste~s were later: hai'';esfed b~'.¢utt·iitg 
above the fir~t 'thre~leafl~t idf in.~. gr:i'~u.'al 
ascending order. Thin and distorted sho'ots 

! . ' ,were,ben\ down ~.tflower l;mdlormation stage 
in order to constitute a mass of 
photosynthetically active tissues (Figure 1). 

.;, 

., -.~' , ,~~.:~:~,,; •• s· 

.'V' 1~11I~lt~oth:;~~::', " ., Y'J't_.:. Ncwtvto~~ed.· .. 
cut 8t 2nd"5-Ieaflet lea' '. ~ .. ~ .• -~ .-' '- - .. unm8Itet8b'lc'l •• ; 

ftowers removed - '. " '. . ~ ~ .: .. :' :::. . . ":. .. :" ; ~ . '." . 

,,,' I.OI ..• ~.'. '~~",.' :\:b
l 

'" " .>/ 
, ': ,. . -t ' I , _ , ~ •. 

~ .,' ,'. .-.: :: -Z". ' . ,.; . \ ~ : ':-. <.~ ... ' ~ '" v .".. " 

,Figure 2: Median h~~'estjmethod (a) Tw~ mother wi~h 
, " .,' '- t" ~ , , . " 

mass of'previously bent non-morketable flowers removed , . I ' .' , .. ' 
, at the beginnID'g of th~ eXPiriment and (b) new"ty f~~e" 
potentially.marketable flowe~. ., .. ' , 

. ' " ' c, ,,-', ' '\ '. , . ',,', 

,- .,. The expe~ime~taLdesign was 2x2.factorial 
•• - _ •• """, . ~ ..l 1" ... ,: ~ I ." _ _. . _ ' . _ . •• • 

<;:ombin,ation superimposed, qn,a· Randoniised 
·Conlpletelv:BlockDeslgn. The ~tmeni c'omhi­
nat'lons' \~~re' (i) proximal han;est nrethodori 
Vivaldi, (ii) proximal harvest method.on <;inm,d 
Galla. (iii) median han'est method o'n Vivaldi 
and (iv) median harvest method on Grand Galla. 
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Each:treatment combiriation consisted of a plot of 
i 2 plants, r~pik'ated' rour times. 'The experimental 
plants were surrounded by border rose plants. 
Data inc\uded yield (fresh weighiand number of 
stems)' and 'qua1ity (flower 'grades; flo\ver weight 
and iength)9fffiarke.iable'fl6'vers: The aillilysis of 
variance and mean siparation 'of the data wde 
performed using "General Linear Models Proce­
dure" and "Duncan's Multiple Range test'''·re­
spedivel~' of a s~atisti.cal pacl(age·SA.S - 1992, 

,'~ .s!t ~... • -.: _~;J _ 

Results and Discussion", 

Yield of Mar:ketable Flowers, . 
. , -" ~ -' ~., ". " 

The' proximal harvest method ~ignificantly (p 
0.05) reduced the fresh weight yield and numb~r 
of marketable ,flowers' of non-vigor.o_us cultivars.)t 
produced 8.00 tons/ha,and 250,009,~t.ems/h,i,of 
Vivaldi whereas·:the~median harve~t.metho9 ,pro­
duced 10,.75 tons/ha and 4,20,aQa stems/haof the 
same cuItivar. Oil the'contrary, :the pro~imal and 
median harvest lw~thods ~~atistiqlly pro<;l;uced 
equal (P O,05)Jf~sh w~ight and number of market­
able flower stems, of,.yigorous cuith:ars. T.he fr.e~h 
weight yield ilnd}'1w!!b~r of milrketable flowers 
[rom the proximal harVest method were, 11:.68 
tons/ha and 310,00,0 stems/ha of Grand Galla 
whereas the median harvest meth<td,produced 
10,.13 tons/ha and 320,.00,0 stems/ha of the same .... "', (. ,. 
cuItivar (Table I), ,f ., , 

T~ble 1: \'iei'd ~'fm~rketable flower stems ~f~igo~us a!ld 
, • /'., :~'1 •..•. ," .- - .: " . '. 1 

non-\'igorous euIth'ars of greenl).ouse roses from proxunal 

and ~edi~n han'e~t meth&d;:' : f.. '.. , 
;... -.~:' '.i; : ." .. , J.,., 

Cultivar 

" 

';::~i'i~~stm'dthod;~We;ght 'of N~niber :bf 
C;,:".i:";';·" <:'!fl~we'r)tenii;:;f:,l~ <> :"', e r 

,\ ';" • __ ' ,:,' ; (to!1!i/!J'!) ~/: .. ~e,i!I,s\ih~) x 
., " , ,_. " • 100.0 .• ', ... 

(jr~nd,Ga:Ila'" ',:. ".-. ",; ", " • ._ 

l, '\I~d;an; .. ,: 1O.1.3.b:: ; ":n20b :. ,,;,':: 

, 
I , 

Vivaldi' 
I: . 

'\I~diall ' • '1O,7S b :,: ::.' '420c !: 
. . - ;.,.. ~ '~. ., .: 1 

a,b,l'=numb~rs iii' ~~i~i~nin bearln'g diiie;entiett~rs are 
statisfkaU~' different (p<O.05). '<"'" < " 

It is reported that bending down of 
non-marketable flowers increases yield and qual­
ity of flowers by improving biomass production 

Yield and quality of flowers 11 

(Morisot, 1997). Although sprouting is partly 
improved by food res'erve,(Kool'ehil:, 1997). 
benoing down of non-marketaole flowers:does 
not increase sproutingrat~ofrproximal.buds: of, 
non-vigorous cultivais. In,thisstudy,,.the 
non-vigorousculti\'arformed fewer 'shoots when 

"harvested by the' proximal,harvest-method:than 
by the median harvestmethoc(On,the other 
hand, vigorous cultivar excessivel)',,formed.more 

, shoots'when harvested b\·themedian!harvest 
method than by the' proximal hatv~'st Inethod.' 

'However. the excessive sprouting did not im..: 
prm':e yield; for part' of the shoots became blind, 
When sprouting is excessive: blind shoot forma-

. tion'is mainl)' due 'tocoinpetition for resources 
; among slioots (Berninger. 1994: Byrne and 
.' Doss, '1981). 
II". ',':"', 

"Flower Quality 
". '.: •• _. T.. _ :. 

_ .Gr~desof Marketa~leFlowe~s 
The proximal ~:est ,metho9 pr99!lce<l; 

150,0,0,0.70,,0,00 and 90,,0,0,0 stems of Grand 
Galla and 16(),o.OO~·~Q.,aoa a!1d4a.aaa flO\ye.r 
stems of Viyaldi in.grade super, grdde one and 

, g~dqwo per he~~are r~sp,ectiv.ely; On the'9th<;r 
hand, the median harvest.method produced 
80"0,0,0,, 100,0,0,0, and '140,aOO-rio~er stems of 

, '\ \. - , . '. . ~. . ~ , .', ~ -' -! 

" Grand Galla,and 170"000,, ·UO,OOa,and 13a,aqQ 
of Vivaldi in grade 'super, grade 0I1e and' grade 

, h\'o'per h~ctare respe'ctively (Table 2), , ' " -
", , .. ' . ,'", ' .. 

~. - '1 " . 
Table 2: Quality ofmarke!able flowers of~igorous a'1d 

non~vigorous cultivars of greenhouse, roses f~";' proxi~ 
," ~~ 

" mal and median harvest methods. 

>,. - • '. .i.,;:' 
. Harvest :\.umber of flOwer flower stem 

method ~lem~iha:i¥ade' x 100(1 'size .",':;. 1 
.: " 

':'i.'~'· • " ' ;;-,;t- ~ ) -, - ..... :. I' £' l~, 
-~-'Grade' Grade G,rade Weighi Legih' 

d) ')!~ . ": ~(,. - r ~ ~ Super.- one~ (two (gi"cm). (cmis't 
;J ~ , " . 
- .' j <. 

",':' . 
','Medi~n 

.. '.' ;- - • "~b 
Proximal 160 

VivaldI 

.• ,. ! 

. 
a,b,e=numbers in a column bearing different letter are 
statistieaUy differen,t (P ~O.05). 

/ 
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12 T.J.Msogoyaand MorisQt, A 

G:ompared to,the !TIedian,harvest method, it is 
consideredJhatti)G'proximal haryest method in­
creased flower ~tems,ingrade~~p'er at t!1e expense 
of flower stems-in-grade two. of Grand ,Gall~, 1he 
increase innumQer,o(flo\\;~rs in,gyqde super .\Yas 
87,S ,% \\~i)ilethe,d~,c;reas~-in IlI;unber,9fflow:er 
stems in grdde 1w,o \Y<l!> 35, 7.~o oJ the tOJai number 
or marketaQle flo\,,{e.rs, Moreo.~;e,r,~ t~e.pro,xi~(li 
han:e,~t met)lOd red~~ed; ~1.1e numbt:tof flow~r 
stemsin grade ~>n.e ,and ,gradeJ~vo of Yi\(ili~"w;1J!le 
the number .of, flo'Yers ing~de super stati.stic~lly 
remained'eSlual (P)tQSJto tlwtfrom ,th~ median 
han'estmet!IQd, The reduct jon in number off)Ow­
ers of Vivaldi in grade one and grdde tw,? was,S8.3 
and 69,2 % of the tota.1,number of ma.rketable 
flowers respectively, Flowers in grade super are 
usually sold two and four times more ,expensive 
than those in grade one and grade two respectively 
(Morisot, 1996b), As a result; growers using the 
proximal harvest method oil vigorous rose 
cultivars would increase revenue whereas those 
apply ing ihe han'est method to non-vigorous 
cultivars wQuld'los'e iheir revenue,' , 
J ~' . . .•. , ..... - I', ~ : • • t 

Weight' ~f Matketable':Flowers' " .. " 
, " The:prq,~imall"-im'est inethodproduced bigger 
ilo\ver stems of 60th Grand 'Galla and- Vivaldi than 
ihemedian ha~est Inethod (PO,OS)'-The'proxi­
j{I,al h<tn-~sun.e,t~9d p"r~duced fl,owers with 
,,,eights of 38 and 32 g/stem of Grand Galla and 
Vivaldi respectively, On the contrary, the median 
harvest method produced flowers with weightS of 
32 and 2S g/stem of Grand and Vivaldi respec­
ti\-ely (Table 2), 

Greenhouse roses are uncommonly sold based 
on weight of individual stem, However, bigger 
flower stems are normally positively related to 
grade quality (Morisot 1997), Flower weight has 
aiso,a big influence on transport charges, For in­
~tani; in 1998 the transport charge for a kilo of 
rose cut-flowe,rs fro!TI Tanzania to _E!lrope was 2 
US$ (Semboja & Mbelwa, 1999), Where the dif­
ference in grade quality between bigger and 
smaller flowers is small, the production of the for­
mer in remote areas might require further analysis, 

Length of marketable flowers 
The proximal han'est method produced longer 

flower stems of both Grand Galla and Vi\'aldi than 

the median harvest method (P = O,OS). The Pfox­
iIn~1 harvest q1etl~.od produced1J.owers ~"ith 
lengt~l of,73 ~m(stem wher:eas th~ median, har­
v~st metho,d produced ,flowers witlilength,of 67' 

_ cm/stem 'ot-Grand Galla: On the,oiher ha'nd. the 
• '-" , ." - -' .' ~ :" ' ! ; . .J 

, proximal hal}'estn1ethod si~ni.fic;antly pl'9;guced 
longer flowers (P= 0,05) of.Viv~Jdi .. This harv.est 

. , " • ". -'" !. .••• , 

# '. -",,: ,/' " • .- • ~ \.. .' ,;:.. ~ -. ~ :! " 

metho,d wodu,ced flowe~s \~'i~h !~ngth of 7.1 
cm/stem while those from. the median han!est 
meih~d were'6l cI~'lorig'(Table i). " ' 

The quality of;f1oWer'sCerti's (jften:in­
creases 

with their lengths'.Sdiing pnces of indidd~ ., 
:'ualflowers~inay' also increase with their lengths, 
',. H owc\:er.la ~ study' conducted' in-Frdoce (Nice aM 
~; Hyeres flo\ver <iuction:ni'a:rkets),reveals,thaho .... ly, 
, one-third on he) flowcrs-an!:sold according, to 
"tlieir lengths. In this.case!·rose flowetstems of 
'85 arid 3S'Clll \yere'sold aMJ'.46 and 0,2 US$ re~ 
, spectively (Morisot. :1 996b): Studies show that 

Inajoiity of clients '(maj'nl~::lo\\' 311daverage ill­
'~come .classes) prefers's~all fl(i"'er stems tobig 
.' ·ones.· Small rose flowerS.arc cheap and also used 
. iillarge quantities in preparation of- flower bou~ 
quets, 

" Conch.lsion . 

The 'a~plication o(ihe PJ9~}.!nal '~~~\cs't 
, method on VIgorous greenhouse.rose cultlvars 

" .., "l'" I ,- " ,~ .« .~ .. 
increases the quality with(;mt 'conc~nt!~~ affeci~ 
ing the yield of miuket~ble flowei( ~~ a ,re's:uh 
of the improved flower quality, application of the 
proxirnal han;est'method.'to vigorous cultivits 

~ '.,' '--" • • - ." '- -', . :-, .. .-1 ., .J 

" would be ,more profitable than median harvest 
: method. On the other,hand, the use of the proxi-

l)lV~ f 
-mal h~tvest'method on non-dgorous rose/ 

cultivars increases flowdr quality at 'the expense' 
I 

of the vield of marketable flower stem's; As the 
consequence. the'applic~tion of this method to 
non-vigorous ros~9!lI~i\\ars would be unprofit­
able as compared to the median han'est method, 
It is tl\(~refor/recomme?ded that tl1e proximal 
harvest method should o~ly be applied to vigor­
ous rose c·ultivars. Converselv. the median har­
vest methQ~ should be appli;d to nOf.1-vigorous 
rose cultivan;. " " 
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