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Effects of drought stress and urea sprays on production of flower 
and vegetative buds of Tahiti lime. 

Abstract - Introduction. Tahiti lime C Citnts latifolia Tan.) trees were subjected to different 
levels of water stress and urea sprays under a tropical climate in order to evaluate the effect 
on floral and vegetative growth. Materials and methods. The experiment compared four lev
els of irrigation intervals: frequent irrigation (every 3 or 4 d) starting at the end of the rainy 
season in order to maintain the soi! moisture close to field capacity, and treatments with 
non-irrigation intervals of either 4, 8, or 12 weeks. These treatments were combined with foliar 
sprays of urea in a 4 x 2 factorial arrangement. There was a non-sprayed control and a 5% 
urea treatment sprayed 2 d before resuming irrigation. Results and discussion. The flower
ing response increased with the level of drought stress, but no response resulted from the sin
gle urea spray. Regression equations depicted curvilinear relationships between vegetative 
shoot growth and leaf water potential. Floral shoots and, especially, the number of flowers 
per branch exhibited a strong relationship to drought stress. 
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Effets du stress hydrique et de la pulvérisation d'urée sur la formation 
de bourgeons végétatifs et floraux chez la lime Tahiti. 

Résumé - Introduction. Des limettiers de la variété Tahiti (Citnts latifolia Tan.), cultivés en 
climat tropical, ont été soumis à plusieurs types de stress hydrique et de pulvérisation d'urée 
afin d'évaluer l'effet de ces traitements sur la croissance végétative et la floraison. Matériel et 
méthodes. L'expérimentation a permis de tester quatre protocoles d'irrigation : irrigation fré
quente (tous les 3 ou 4 d) débutant à la fin de la saison des pluies pour maintenir l'humidité 
du sol à une valeur proche de la capacité au champ, et traitements caractérisés par des périodes 
sans irrigation de 4, 8 ou 12 semaines. Ces traitements ont été combinés avec des pulvérisa
tions foliaires d'urée selon un dispositif factorie l 4 x 2 : un lot de plants, constituant le témoin, 
n'a reçu aucune pulvérisation et un autre lot a reçu une pulvérisation à 5 % d'urée, 2 cl avant 
le début de l'irrigation. Résultats et discussion. Le degré de sécheresse a influencé la florai
son, mais la seule pulvérisation d'urée effectuée avant la reprise de l'irrigation n'a eu aucun 
effet. Les équations de régression ont montré une relation curvilinéaire entre la croissance 
végétative des tiges et le potentiel hydrique foliaire. Le taux de tiges florales et particulière
ment le nombre de fleurs par branche se sont avérés très liés au stress hydrique. 
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1. introduction 

Flmvering o f citrus in tropica l regions is 
enhancecl by the alternating rainy and dry 
periocls o f the yea r. Flower clifferentiation 
in lemon occurs cluring the cl rought stress 
period and generative bucls unclergo flower 
clevelopment w hen plants are rewaterecl 
[1]. Regarcl less o f the rime o f the year, South
w ick and Davenpo rt [2] inclucecl flowering 
in Ta hiti lime trees by subjecting them to 
prolo ngecl periods o f water stress. D ro ught 
stress in summer has inclucecl flowering of 
lemo n p lants in Sicily [3] and Cali fornia [4]. 

T he number o f flowers per tree has been 
relatecl co the concentratio n o f leaf ammo
n ia cluring a clro ught stress period in a com
mercial lemon o rchard [5] . Al tho ugh leaf 
ammo nia cloes not influence flower initia
tio n clirectly, it may serve as a substrate for 
the synthesis of arg inine and polyamines 
that couic! act CO initiate the flowering 
process through stimulatio n of ce!! d iv isio n 
and elo ngatio n [6]. 

The cultu re of Tahiti lime for exportation 
represents a growing inclustry in Venezuela. 
The enhancement of flo ral hab its of trees 
couic! improve fruit y ielcl in periods w hen 
internationa l p rices are the highest. Th is 
stucly, therefore, was concluctecl to eva luate 
the effect of clifferent levels o f cl roug ht 
stress and foliar sprays of urea o n flo ral ancl 
vegetative response of Tah it i lime. Since 
several stuclies relating cl rought stress to 
fl owering have not clefined q uan titat ive 
relatio nships [7] o r have been conductecl 
uncler contro lled en v ironments [2], the 
results may p rov ide useful in form ation 
about the tree response uncler its natura l 
field grm v ing conditions. 

2. materials and methods 

The study was carried out in an o rcharcl 
o f Tahiti lime (Cit rus lati/olia Tan.) o n 
Volkamer lernon CC. uolhameria lla Pasq.) . 
T he trees were 28 mo nths o ld (p lus 
10 mo nths in nursery) and spaced 4 m in 
rows and 7 m between rhem. The o rchard 
w as located near Camatagua, Aragua state, 

178 Fruits, vol: 54 (3) 

Venezuela, at 9° 43' N and 180 m above sea 
level. The so i! was a clay loam w ith a slope 
less chan 5%. 

T he experiment compmed four different 
levels o f irrigatio n interva ls. T he frequent 
irrigatio n treatm ent m aintained the soi! 
mo isture close to field capacity (0.03 M Pa 
tensio n , assessed by tensiometer readings 
ar a depth o f 30 cm ) by apply ing water 
every 3-4 cl , starting at the end o f the rainy 
season in October. D ro ught stress treat
ments consistecl of no n-irrigatio n intervals 
of either 4, 8, o r 12 weeks. Irrigation was 
controlled by plugging the emitter o f the 
existing unclertree microsprinkler system o f 
the trees subjectecl to drought stress. Irriga
tio n was resumed January for ail treatments. 

The four irrigatio n treatments were com
binecl w ith foliar sprays o f urea in a 4 x 2 fac
torial arrangement. There were a non-sprayecl 
contro l and a foliar spray treatment o f 5% 
urea, in aqueous solu tio n w hich completely 
coverecl the fo liage, 2 cl before resuming 
irrigatio n in an attempt to mocl i fy the ammo
nia levels in the leaves. Each treatment was 
replicated six times in a completely ran
domizec.l design. There were two plants per 
plo t, for a to tal of 96 trees. 

To avoicl the interfering effect of rains 
that couic! occur clu ring the dry season, a 
3 x 3 m plastic sheet was placecl under each 
tree at the beginning o f the period o f no 
irrigatio n. To keep the microsprinkler sys
tem fun cti o nal until the day w hen each 
treatment was to be imposed, the sheets 
were p lacecl at d if'ferent periocls o f tirne for 
each treatment; however, the p lastic sheet, 
acting as an evaporatio n barrier, clic! no t 
allow the trees to reach very high stress lev
els, even after 12 weeks w ithout irrigation . 
For this reason, 12 sirnilar additional trees, 
lacking p lastic sheets and showing mocler
ate to severe levels o f dro ug ht, were 
se lected from the close v ic inity . T he 
108 trees (96 + 12) were usec.l to generate a 
regressio n ana lysis between leaf wa ter 
potential (LWP) and either flora l o r vegeta
tive activity in the trees. 

Just prior to resuming irriga tion, soi! 
mo isture and lea f water potentials (LWP) 
were deterrninecl . One soi! sam p le per tree 
was taken at the top 30 cm , midway frorn 
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the dripping edge, and water content 
obtained gravimetrical ly. L\X'P w as m ea
surecl at predawn w ith a Scholander pres
sure bomh using the termina l portio n of a 
nonbearing , no nflushing twig (carry ing 
3-4 leaves) coming from each of the 
108 trees. Miclday LW P was measured the 
same clay hetween noon and 1 :00 pm (solar 
time) on four well-exposed , sunlight twigs 
per treatment, coming fro m the terminal 
flush of growth. 

Five weeks after the resurnption o f irri
gation, the floral and vegetative response 
was assessed in 32 tagged terminal branches 
(mature resting twigs coming from the last 
flush o f growth) per p lo t. The propo rtion 
o f terminal branches proclucing new flow
ering shoots, expressed as a percentage, 
represented the flora l activity. A shoot ca r
ry ing at least one flower was considered a 
flowering shoot. On the other hand, the 
percentage of terminal branches p roducing 
new vegetati ve shoots (carrying no tlowers 
at ail) represented the vegetative activ ity. 

Additio nall y, the total nurnher of flowers 
and shoots per branch ( tlushing density) 
were counted. Shoots were defined as: veg
etative, generative (carry ing only flowers), 
mixecl (carry ing both flmvers and leaves) 
and flo ral shoots (generative plus mixed). 

The data were ana lyzecl using facto rial 
ANOVA, and polynomial regressio ns were 
generated from the statistical prograrn 
Costat (version 4.21 , 1990, Berkeley, Ca lif. , 
USA). Overall goodness of f it was clescribecl 
by the mode! 1·2. 

Table 1. 

3. results and discussion 

3.1. drought effects 

Different irrigation interva ls caused dif
ferent levels of wa ter stress in the four 
treatments (table [). As soi! w ater content 
dropped from 19.7 to 10.8%, the preclawn 
LWP re ll from -0.49 to -0.81 MPa, and the 
miclda y LWP from - 1.05 to values as low as 
- 2.10 MPa. Unexpectedly, the average soil 
w ater content and plant w ater potential in 
the treatment ,v ith 4 weeks of no irrigation 
were lower than those w ith 8 o r even 
12 weeks o f clrought. This may be due to 
the fact that the p lastic covers were first 
placed o n the treatments w ith 12 and 8 
weeks o f no irrigation. Soi! w ater may have 
been clepleted by direct evaporation by the 
time the plastic covers were placecl o n the 
4-week drought treatment. 

Vegetative shoot growth in the treatment 
w ith continuous i rrigation (precla·wn LWP 
of - 0.49 MPa), either expressed as a per
centage or number of shoots per branch, 
w as less than the rest o f treatrnents (table JI). 

Floral activ ity consistently increasecl w ith 
increased clrought stress, and the cliffer
ences beca me greater as the LWP 
decreasecl. 

T he regression analysis showecl a close 
relationship between the preclaw n LWP, 
and the flo ral or vegetative response of the 
tree (/7g11 re 1). The flora l activity increasecl 
linearl y w ith increasecl stress ( r2 = 0.67). 
The vegetat ive acti v ity increasecl until a 

Effect of withholding irrigation eut off on soil water content and leaf water potential 
(LWP) in Tahiti lime immediately before rewatering. 

Weeks without irrigation Soil water content Leal water potential (-MPa) 
(% weight) 

Predawn Midday 

0 19.7a 0.49a 1.05a 

4 10.sc o.s1c 2. 10b 

8 13_3b 0.67b 1.40a 

12 12.6bc Q_74bc 1.9Qb 

a, b, c: within the same columns, groups differ according to Duncan's multiple range test, 5% level. 
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Table Il. 
Vegetative and floral activity of Tahiti lime, 5 weeks after rewatering, in relation to the minimum predawn leaf 
water potentials (LWP) reached (LWP values were rearranged in sequential order from table ~. 

Leal water Shoot % Number of shoots per branch Number 
of flowers 
per branch 

potential 
(-MPa) Vegetative Floral 

Vegetative Floral Generative Mixed 

0.49 44.11a 7.54a 

0.67 72.67b 10.89ab 

0.74 64.43b 21.35bc 

0.81 67.45b 34.81C 

0.67a 0.02a 

1.62b o.o3a 
1.37b o.o6a 

1.92b 0.16b 

o.oga 

0.18a 
0.34a 

0.71b 

0.44a 

0.64a 
1.12a 

2.75b 

Generative shoot: shoot carrying only flowers; mixed shoot: shoot carrying bath flowers and leaves; floral shoots: generative plus mixed 
shoots. a, b, c: within the same columns, groups differ according to Duncan's multiple range test, 5% level. 

5 

.r: 4 ü 
C 

~ 
.0 

ai 
a. 3 
El 
0 
0 
.r: 
(/) 

0 2 
ai 
.0 
E 
:::, 
z 

0 

0 

Figure 1. 

5 

threshold LWP of about - 1.2 MPa, and then 
decreased at lower potentials as the num
ber o f vegetative shoots clecreasecl in favor 
of floral shoots, thus showing a curvilinea r 
re latio nsh ip (r2 = 0.42). The to tal nurnbe r 
of shoots pe r branch incre asecl until a s im
ila r LWP thresholcl , and then te nded to sta-

total 

flor. 

veg. 

10 15 20 

Predawn leaf water potential (MPa) 

Vegetative (veg.), floral (flor.) and total activity of Tahiti lime, 5 weeks alter rewatering, 
in relation to the minimum predawn leaf water potential reached. Y(veg.) = 
-G.16- 11.01 X- 6.53 x2 - 1.09 X3; r2 = 0.42* .. and Y(flor.) = --0.45 - 1.21 X; r2 = 0.67*** 
(each equation n = 108). (o) and(+) represent vegetative and floral activity, respectively. 
Total activity line was drawn from direct summation of vegetative and floral lines. 
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bilize. Since the thresho ld LWP was s irnilar 
to that for the max imum to ta l vegetative 
p lus fl o ra l shoo ts (figure .l), it may re r re
sent that at th is LWP the b ranch woulcl have 
p roclucecl the maximum nurnbe r o f to tal 
shoots accorcl ing to its gene tic capacity and 
growing conditions. 

The numbe r o f flowers pe r b ranch 
increased in a curvili near tre nd (r2 = 0.76) 
as clrought stress increasecl (figure 2) . The 
drought stress favo red the development of 
bath flowering shoots and the number o f 
incl iviclual flowers pe r shoot, and this com
pouncling effect remainecl even at very low 
wate r pote ntia ls . Drought stress rnay reduce 
the growth of roots that are implicatecl in 
ho rmo nal synthesis, thus a lte ring the ho r
mo nal bala nce to favor fl ora l initiatio n [3, 
8], or a limited transport of cytokinins from 
the roots may occur w he n transpiration rate 
is clecreasecl [91. 

Vegeta t ive and re productive g rowth 
began about 3 weeks a fte r rewate ring and 
was the highest at the fourth o r fifth week, 
whe n measure ments were comple tecl. Sim
ila rly, Cassin e t a l. [10] exam inecl the fl ow
e ring response to extendecl pe riocls of water 
stress in c itrus orcha rcls locate cl in e ig ht 
tro p ica l countries a nd o bservecl tha t the 
new growth occurred 20 to 28 cl fo llowing 
the first e ffective ra in o r irrigatio n. Limes 
a re well adaptecl to tropical c limates a nd 
te nd to respond be tte r to clroug ht s tress 
periocls tha n o ranges, w hic h appear to 
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require an aclclitional condition of rest [9]. 
Pire et al. [11] founcl that drought stress in 
an o range orcharcl favore cl re productive 
acti vity in the g rowth flu shes fo llowing 
rewatering but the effect was reversecl in 
the next two flushes of the year, thus ren
dering no impo rta nt diffe rences in to tal 
yie lcl between clrought stressecl and well 
waterecl trees. 

3.2. urea effects 

Foliar application of urea failecl to 
improve the flo ral or vegetative response of 
the trees as comparecl to the nonsprayecl 
contrais. In contrast to the fincling of Lovatt 
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et a l. [5], •who usecl urea to increase the o 
arnrnonia s tatus and flowering of lemon 
trees, the urea spray in our assay hacl no 
significant effect on clrought stressecl o r 
u nstressecl trees ( table III). 

In the present stucl y, no ana lys is was 
perforrnecl to cletermine whethe r the single 
spray of 5% urea actua lly increasecl the 
foliar concentratio n of ammonia (no leaf 
burn was observecl) . Davenport [9] statecl 
that urea sprays at concentrations of 1 to 4% 
on nonstressecl Tahi ti lime trees also fail ecl 
to stirnulate production of aclclitio nal new 
shoots or flowering . The author suggestecl 
that a possible explanation for the correla
tion observecl by Lovatt et al. [5] is that the 
wate r stress condition v-1as responsible for 
flo ral induction , but the nitrogenous com
po u ncls stirnulatecl initiation o f the new 

Table Ill. 

0 -0,5 -1 -1,5 -2 -2,5 -3 

Predawn leaf water potential (MPa) 

shoots by provicling substrate for pro tein 
synthesis . In this experirnent, the maximum 
level of clrought stress of -2. 1 MPa miclclay 
LWP (table I) might not be high enough to 
procluce similar results. 

Our data inclicate that single sprays of 
5% urea clic! not promote flo ral induction in 
Tahiti lime, at least, at rnoclerate levels of 
clrought. However, clro ught stress strongly 
enhancecl the production of both vegetative 
and fl oral bucls, and as clrought s tress 
increasecl, the number of vegetative shoots 
clecreasecl in favor of fl o ral shoots . 

Figure 2. 
Flower density of Tahiti lime, 
5 weeks after rewatering, 
in relation to the minimum 
predawn leaf water potential 
reached. Y = 0.14 + 0.24 X + 
2.26 x2; r2 = 0.76*** (n = 108). 

Vegetative and floral activity of Tahiti lime in relation to urea sprays, 5 weeks after rewatering. 

Urea spray Shoot% 

Vegetative Floral 

Contrai 62.39 16.91 

Urea 5% 62.09 20.28 

Test significance ns ns 

Number of shoots per branch 

Vegetative Floral 

Generative Mixed 

1.49 0.06 0.31 

1.30 0.08 0.35 

ns ns ns 

Number 
of flowers 
per branch 

1.32 

1.16 

ns 

Generative shoot: shoot carrying,only flowers; mixed shoot: shoot carrying bath flowers and leaves; floral shoots: generative plus mixed 
shoots; ns: not significant for main effects or interactions with irrigation treatments, 5% level. 
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This stucly also prov iclecl usefu l informa
tio n o n the use o f p lastic covers to pro tect 
fro m rain ancl incluce cl ro ug ht stress in the 
fie lcl. If covering is p lacecl too soon fo l

lowing rains o r irrigatio ns, it will take a lo ng 
time to get th e stress and the b ene fic ia l 
effect m ay be lo st. G rowers sho ulcl b e 

aw are that a waiting time w ith sunny clays 
is neeclecl for the surface soi! evapo ratio n 

to tak e p lace. 
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Efecto del estrés h1drico y la aspersion de urea sobre la formaci6n 
de yemas vegetativas y florales en lima 'Tahiti'. 
Resumen - Introducciôn. Se sometieron plantas cle lima 'Tahit i" ( Citrus laii/o/ia Tan.) culti
vaclas en clima tropical a cliferentes niveles cle estrés hiclrico y aspersiones foliares cle ürea 
para evaluar su efecto sobre el crecimiento vegetativo y floral. Material y 1nétodos. El ensayo 
comparo cuatro intervalos cle riego: riego frecuente (cacla 3-4 cl) comenzanclo al final cle la 
época cle lluvias con el p roposito cle mantener el suelo cercano a su capaciclacl cle campo , y 
riegos apl icaclos a interva los cle 4, 8, y 12 semanas. Estos tratamientos fuero n cornb inaclos con 
las aspersio nes cle ürea cle acuerclo a un arreglo facto ria l cle 4 x 2: un lote de p lantas, q ue 
consrituyo el testigo, no recib io n inguna aspersio n, rnien tras q ue el otro lo te recihio una asper
sion cle ürea al 5% clos clias antes cle rei niciar los riegos. Resultados y discusiôn. La pro
cluccio n de bro tes florales aumento a meclicla q ue se incrementaba el nive! de seq uia pero no 
fue afectacla por el tratamiento cle foea . Se generaron ecuaciones de regresion que rnostraro n 
una relacion curvilinea entre el crecirniento vegetativo y el potencial hicl rico fol iar. La forrna
cion cle brotes florarles y, especialmente, el nümero cle flores por rama mostraron una rela
cion muy estrecha con el estrés hiclr ico. 
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