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Floral response of Tahiti lime (Citrus /atifoliaTan.) to foliar sprays 
of hydrogen cyanamide. 

Abstract - Introduction. In Venezuela, the Tahiti lime production usually concentrates 
between May and Octohe r. However, the inte rnational market of lime fruits presents 
higher demands and prices from November to February. For this reason, new methocls 
of chemical control, aimed at promoting off-season fruiting, were tested. Materials and 
methods. The study was conducted in Venezuela, in an orcharcl at 180 m of altitude. Six 
levels (0.5, 1.0, 1.5, 2.0, 2.5 and 3.0%) of hydrogen cyanamide were sprayed on isolated 
te rminal twigs of 3-year-olcl plants growing under field conditions. The number of vege
tative, gene rati ve (flowering shoots w itho ut leaves), mixed (flowering shoots w ith 
leaves) and fl o ral (gene rative + mixecl) shoots and the flower number per twig were 
cletermined in o rde r to assess the floral and vegetative activity, shoot flux density, and 
degree of defoliation. Results and discussion. Hydrogen cyanamide sprays had signifi
cant effects on floral and total activities, and on generative, mixecl and flo ral shoot flux 
density, as well as on defoliation of sprayed twigs. Moreover, it dicl no t show any effect 
on vegetative development during the period of study. Altho ugh the triggering effect of 
hydrogen cyanamide on flower bud break was significant, there was a strong defoliation 
effect. As this is an evergreen tree, further studies should be performed before recom
mending its use for flowering control (© Elsevier, Paris). 

Citrus latifolia / plant physiology / induced flowering 

Induction florale de la lime Tahiti (Citrus latifoliaTan.) provoquée par des 
pulvérisations foliaires de cyanamide d'hydrogène. 

Résumé - Introduction. Au Venezuela , la production de lime Tahiti se concentre , 
habituellement, entre mai et octobre. Cependant, la demande du marché international de 
la lime se s itue entre novembre e t févrie r, et les prix sont alo rs élevés. De nouve lles 
méthodes de contrô le chimique, visant à promouvoir une production à contre-saison , 
ont clone été testées . Matériel et méthodes. L'étude a eu lieu au Venezuela clans un 
verger à 180 m d 'altitude. Des pulvérisations de cyanamide d 'hydrogène (CH), dosé de 
0 ,5 à 3,0 %, ont é té appliquées à des rameaux te rminaux, iso lés, de plants de 3 ans , 
développés en verger. Le no mbre de rameaux végétatifs, génératifs (rameaux florifères 
sans feu ille), mixtes (rameaux florifè res avec feui lles) et floraux (rameaux génératifs et 
mixtes), ainsi que le nombre de fleurs par rameau , a été suivi pour évalue r l'activité flo
rale et végétative, la densité de sortie des tiges et l'intensité de la défoliation. Résultats 
et discussion. Les pulvérisatio ns de CH ont eu un effet significatif sur les activités flo
rale et totale et sur la densité de sortie de rameaux génératifs, mixtes et flo raux ; il en a 
é té de même pour la défoliation des rameaux tra ités . Cependant, pendant la durée de 
l'expérimentation, le CH n'a pas eu d 'effet sur le développement végétatif des rameaux. 
Bien que le produit ait eu un effet significatif sur l'induction florale, il a occasionné une 
défoliation sérieuse des arbres. Comme la lime Tahiti est un arbre au feuillage persistant, 
des études ultérieures devront être menées avant de recommander l'emploi du CH pour 
le contrôle de la floraison (© Elsevier, Paris). 
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1. introduction 

Tahiti lime is a perennial evergreen 
tree, native to the tropics, which flowers 
almost every month of the year [1]. 
Nevertheless, in most areas is of Vene
zuela, its production is usually concen
trated between May and October. On 
the other hand, the international market 
of lime fruits presents higher demands 
and prices from November to February. 
For the above reasons, it seemed to be 
important to test new methods of che
mical contrai aimed at promoting off
season fruiting. 

It is known that the drought-rehydra
tion sequence induces flowering on 
citrus trees [2-Sl. Lovatt et al. [6] stated 
that low-biuret urea also stimulates flo
ral bud-break in citrus. Nevertheless, 
Pire and Rojas [S] die! not show flowe
ring response of Tahiti lime to foliar 
sprays of urea under warm climates. 
Various authors showed tl1at applica
tions of 2-chlorethyl phosphonic acid 
can stimulate flower bud-break on 
citrus under warm conditions [7, 81. 

In potato seedlings, Amberger [9] 
found that hydrogen cyanamide quickly 
penetrated into the foliar tissue and it 
was transported by the vascular system 
of the plant. Hydrogen cyanamide 
seems to be directly involved in nitro
gen metabolism and in protein synthesis 
[9]. On the other hand, Miller and Hall 
[10] demonstrated that the degradation 
of cyanamide occurred through urea via 
other compounds and the final product 
of amino acids. He proved also that 
cyanamide is a specific inhibitor of cata
lase activity. The inhibition of catalase 
activity leads to the accumulation of 
hydrogen peroxide, higher peroxidase 
activity and glutathione concentration in 
sugar beet seedlings [91. This effect may 
be explained by favouring a shift from 
the Endem-Mayerhoff Parmas cycle to 
the oxidative pentose pathway with the 
concomitant increased production of 
reduced nucleotides. When cyanamide 
is applied in adequate levels it triggers 
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dormancy breaking effects in seeds and 
buds [91. 

Hydrogen cyanamide has been pro
ven to enhance flower bud-break in 
apple, almond, actinidia , fig, grapevine , 
peach, persimon and plum [11 , 12], as 
well as in red raspberry [13] and in 
kiwifruit [14]. 

2. materials and methods 

A trial was carried out on a 3-year
old Tahiti lime orchard ( Citrus latifolia 
Tan.) grafted on C. volkameriana Pasq. 
and located at La Suarefla , A.ragua State, 
Venezuela Clat. 9° 43' N, long. 66° 43' W, 
180 m MSL). Trees were planted at a 
distance of 6 x 3 m on a clay soi!. Six 
hydrogen cyanamide treatments (0.5, 
1.0, 1.5, 2.0, 2.5 and 3.0%) and a contrai 
without hydrogen cyanamide were tes
ted on a completely randomized experi
mental design with eight replicates and 
one plant per plot. 

At the beginning of the experiment , 
12 twigs per plant were tagged in order 
to receive the hydrogen cyanamide 
spray treatments, and to monitor the 
floral and vegetative activity, shoot flux 
density, and degree of defoliation. 
Hydrogen cyanamide solutions were 
sprayed on the leaves of the terminal 
flux of the tagged twigs on July 29, 
1994. At the moment of the spray, these 
twigs were isolated by covering the 
foliage surrounding them with a flexible 
plastic sheet. 

The number of vegetative, generative 
(flowering shoots without leaves) , 
rnixed (flowering shoots with leaves) 
and floral (generative + rnixed) shoots 
and of flowers per twig were determi
ned. The ratio of the nurnber of twigs 
carrying floral or vegetative shoots to 
the number of tagged twigs per plant, 
expressed as percentage , was used to 
determine the plant developmental acti
vity. Total activity was expressed as per
cent of twigs carrying floral and/ or 
vegetative shoots. On the other hand, 
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the ratio of the number of generative, 
mixed or vegetative shoots to the num
ber of tagged twigs per plant was used 
to de te rmine the number of shoots pe r 
twig or shoot flux density. 

3. results and discussion 

3.1. floral activity and shoot 
flux density 

In July 1994, the re was a light floral 
activity in the test treatment (1 3.73% 
tw igs with flo ral shoots) ( table!) . The 
sprays w ith vario us hydrogen cyana
mide concentration showed a significant 
effect on floral activity (P = 0.0003): the 
percentage of twigs w ith floral shoots 
increased as hydrogen cyanamide levels 
increased , up to the 2.5% concentration. 
Sprays w ith 1.5 , 2.0, 2.5 and 3.0% 
hydrogen cyanamide significantly increa
sed floral activity in re latio n to the 
control. Treatments in the range be
tween 2.0 and 3.0% concentration pre
sented a flowering response in more 
than 60% of the twigs. This effect is also 
illustrated in figure 1, in which the 
regression analysis of floral activity as a 
function of hydrogen cyanamide concen
tration is represented (r2 = 0.824). 

Table 1. 

Increasing hydrogen cyanamide 
levels caused a significant e ffect on 
gene rative s hoot flux de nsity, but, 
unde r these experimental conditions, 
they were rathe r low (table Il). How
ever, 1.5, 2.0 and 2.5% hydrogen cyana
mide produced significant increases of 
generative flux de nsities in relation to 
the test treatment, with the 2.5% hydro
gen cyanamide causing the maximum 
response (0.73 generative shoots per 
twig), although lower than expected. 

There was a significant effect of 
hydrogen cyanamide on the mixed 
shoot flux density. In ail cases, the 
values were highe r than those of the 
generative ones. This response seems to 
be important , since, in citrus species, 
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Y1 = 50.44845X - 9.70505X2; r2 = 0.824 ••• 

Y2 = 39.73527X - 4.66875X2; r2 = 0.937 *** 

Figure 1. 
Floral activity and defoliation 
in Tahiti lime as function 
of hydrogen cyanamide 
concentration. 

Effects of hydrogen cyanamide sprays on floral and vegetative activity of Tahiti lime, 42 d after the spray. 

Hydrogen % of twigs with bud break Defoliation 
cyanamide(%) (%) 

Floral Vegetative Total 

0 13.73 C 6.25 19.78 C 4.93 d 
0.5 23.96 be 2.08 23.96 be 10.43 d 
1.0 40.84 abc 4.17 41 .88 abc 38.53 C 

1.5 48.75 ab 11 .46 58.12 ab 49.00 be 
2.0 64.58 a 12.50 68.75 a 61 .13ab 
2.5 69.29 a 12.50 70.33a 72.55 a 
3.0 61.46 a 23.97 67.71 a 75.25a 
Duncan test ns ... 
*** Duncan multiple range test significant at 1%o; ns = non significant. 
a, b, c, d: homogeneous groups according the Duncan multiple range test. 
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Table Il . 
Etfects of hydrogen cyanamide sprays on floral flux density of Tahiti lime, 42 d after the spray. 

Hydrogen Shoot number per twig Flower number 
cyanamide(%} per twig 

Generative Mixed Floral 

0 0.08 C 0.26 b 0.34 C 0.80 C 

0.5 0.07 C 0.29 b 0.37 C 1.49 C 

1.0 0.33 be 0.50 ab 0.84 be 3.89 abc 
1.5 0.51 ab 0.66 ab 1.17 ab 4.58 ab 
2.0 0.37 ab 1.06 a 1.43 ab 5.54 ab 
2.5 0.73 a 1.05 a 1.78 a 7.50 a 
3.0 0.15 C 1.00 a 1.15 ab 4.19 ab 
Duncan test 

*, **,***Duncan multiple range test significant at 5%, 1%, 1%o. 
a, b, c: homogeneous groups according the Duncan multiple range test. 

mixecl shoots tend to set more fruits 
than genera tive ones . In fact, the pro
duction of mixecl shoot increased with 
the 0.5 to 2.5% level of hyclrogen cyana
mide , and from the 2% level , there was 
a significant effect on the mixed shoot 
flux density (table If). 

Hydrogen cyanamide had an e ffec t 
on the fl ora l shoot flux density too , 
because, from the 1.5% level, the floral 
shoot flux clensity increased significantly 
in relation to the control. The peak res
ponse was shown at the 2.5% level 
(table Ji). 

Severa! authors showed increases of 
fl ora l bud break in grapevines with the 
spray of hydrogen cyanamide, between 
the 1 to 4% concentration range [11 , 
12]. This procluct also stimulatecl fl ora l 
bue! break in recl raspberry [1 3], kiwi
fruit [1 4], pecan [15] and app le [16]. 
Neve rtheless , some authors reported a 
reduction of production due to an 
increasecl fruit abscis ion caused by 
hydrogen cyanamide in table g rapes 
[12], nectarines [17], and red raspberry 
[1 3]. 

3.2. density of flowers 

The number of flowers per twig also 
increasecl with the hyclrogen cyanamide 
concentration, and a il levels causecl 
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significantly highe r densities of fl owers 
than the control. Maximum floral clen
sity was reachecl at the 2.5% concentra
tion C table JI). 

3.3. vegetative activity 

The natural vegetative activity was 
low, because, in the contrai treatment, 
only 6.25% twigs carriecl vegetative 
shoots (table 1). During the period of 
the stucly, there was no significant effect 
of hyclroge n cyanamide on the vegeta
tive activity of Tahiti lime. Nevertheless , 
there was a slight increase of vegetative 
activity from the 1.5% level of hyclrogen 
cyanamide. Vegetative shoots are impor
tant , because floral shoots of the next 
flowering season clevelop mostly from 
apical bucls of vegetative shoots. 

3.4. total activity 

Hyclrogen cyanamide sprays had a 
significant effect on the total activity 
which increased sign ificantly with the 
hyclrogen cyanamide leve ls up to the 
2.5% level (table 1). Treatments in the 
range of 1.5 to 3.0% levels st imulated 
bue! break in more than 68% of the 
twigs, while in the contrai the total acti
vity was Jess than 20%. 
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3.5. defoliation 

I-Iyc.lrogen cya na mic.l e pro c.lu cec.l 
inc reas ing c.l e foli a ti o n w ith increasing 
conce ntratio ns teste c.l (table 1; .Jip,u re 1) . 
lt is possible that Tahiti lime fl ower bud
hreak is re latec.l to the c.lefoliatio n causec.l 
by hyc.lrogen cya namide. The .figure 2 
shows a linea r relatio nship be tween the 
flowering tvvig percentage anc.l the c.lefo
liat io n pe rcentage (r2 = 0.819) . Defolia
tion ra ngec.l fro m 38 . 53% a t th e 1 % 
hydrogen cyanamide leve l to 75.25% at 
the 3.0% level and the ir diffe rences ,;,v ith 
the control were significant (ta ble !). 

Furthe rmo re, in Taiwan , Lin [1 8] sho
wed th at a 2.45% hydroge n cyanamide 
concentratio n proc.luced a marked defo
lia tio n in grapevines w hich occurred in 
th e 6-d ay pe rio c.l foll ow ing the spray . 
George anc.l Nissen [17] fo unc.l a no to
rio us defoliation effect of hyc.lrogen cya
namide o n nectarines in Q ueensland , 
Australia. 
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Floraci6n inducida de la lima persa (Citrus latifolia Tanaka) provocada 
por pulverizaciones foliares de cianamida de hidr6geno. 
Resumen - Introducciôn. En Venezuela, la producci6n de lima persa se concentra, 
habitualmente, entre mayo y octubre. Sin embargo, la demanda del mercado internacio
nal de la lima se produce entre noviembre y febrero , y los precios son altos en este per
iodo. Siguiendo esta l6gica, se proba ron nuevos métodos de control quimico para origi
nar una producci6n fuera de la época . Material y métodos. El estudio se realiz6 en un 
hue rto a 180 m de a ltitud. Se aplica ron pulverizaciones de cianamida de hidr6geno 
(CH), dos ificado de 0 ,5 a 3,0 %, en ramas te rminal es, a isladas, de plantas de 3 a11os 
desarroll adas en hu ertos . Se efectu6 un seguimiento del nùmero de ramas vegetat ivas, 
ge ne rativas (ramas fl oriferas sin ho jas) , rnixtas (ramas fl o rife ras con ho jas) y flora les 
(ramas generativas y mixtas) y del nùmero de flo res por rama , pa ra eva luar la actividad 
floral y vegetativa, la clensidacl de brote de tallos y la intensiclad de la defoliaci6n. Resul
tados y discusiôn. Las pulverizaciones de CH tuvieron un efecto significativo en la acti
vidad fl o ral y tota l (sexual y asexual) y en la densidad del brote de ramas generativas, 
mixtas y fl orales; igualmente significativo fue su efecto en la defoliaci6 n de ramas trata
das. No obstante, durante el experimento el CH no afect6 al desarrollo vegeta tivo de las 
ramas. Aunque e l prod ucto tuvo un importante efecto en la fl oraci6n inducida también 
produjo una grave defoliaci6n de los arboles. Al ser la lima persa un arbol con hojas 
perennes habr{m de realizarse otros estudios antes de aconsejar e l ernpleo del CH para 
el control de la fl oraci6 n (© Elsevier, Paris) . 
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