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Abstract. Alternate bearing citrus trees produce a heavy (on) crop followed by a lighter (off) crop.
Whereas it is well documented that crop load affects return bloom, both the mechanism and underlying
physiological basis by which fruit influence flowering the next spring remain unknown. In preparation for
studies elucidating the role of plant growth regulators in relation to carbohydrate and nutrient reserves in
the physiology of alternate bearing, the mechanism by which fruit cause the cyclic differences in floral
intensity was determined. Using ‘Pixie’ mandarin (Citrus reticulata Blanco) as the model system, two
hypotheses were tested. (1) The on-crop reduces summer and fall vegetative shoot growth and, thereby,
decreases the number of sites that can bear flowers the next spring. (2) The on-crop reduces the transition
of vegetative buds to reproductive buds. In hypotheses 1 and 2, fruit exert their effect during the summer
or winter, respectively. Vegetative shoot growth and return bloom were quantified for shoots with and
without fruit for both on- and off-trees. Removal of fruit from individual shoots on-trees bearing on-crops
provided evidence that fruit removal in June or July increased summer and fall vegetative shoot growth,
resulting in a greater number of leafless floral shoots and flowers the following spring compared with
shoots or trees with no fruit removed. Fruit removal from shoots in December did not affect flowering.
The effect of fruit was not exclusively localized; individual shoots were influenced by the on- or off-

condition of the tree.

Introduction

Alternate bearing (also called biennial or uneven
bearing) is the tendency of a fruit tree to produce a heavy
crop in one year (on-year) followed by alight crop or no crop
(off-year). The phenomenon is widespread, occurring in both
deciduous and evergreen trees (Monselise and Goldschmidt,
1982). Alternate bearing may occur over an entire region, for
ablock of trees, for an individual tree, or even for part of the
tree or one branch (Monselise and Goldschmidt, 1982).
Alternate bearing is initiated by a favorable or unfavorable
environmental trigger that results in a heavy on-crop or light
off-crop, respectively (Hield and Hilgeman, 1969). Alternate
bearing is a major problem in citrus production al over the
world, especialy in mandarin varieties (Wheaton, 1992).
Many marketing problems result from alternate bearing. On-
crop trees produce a large number of small size fruit (Hield
and Hilgeman, 1969) and off-crop trees produce a small
number of large, unattractive fruit with coarse rinds (Moss et
al., 1974). In addition, this aternation in crop load, especially
for trees within a block, makes orchard management practices
difficult.

The dternate bearing habit in citrus is known to be due
to alack of flowering in the spring following a heavy on-crop
year (Goldschmidt and Golomb, 1982; Hield and Hilgeman,
1969), rather than to poor fruit set (Goldschmidt and Golomb,
1982). Floral intensity (number of flowers) and yield and,
therefore, the severity of alternate bearing, are inversely
proportional to the size of the preceding year’s crop load
(number of fruit) (Becerra and Guardiola, 1984; Moss, 1971;
1973). Heavy crops are normally still on the tree during floral
induction (Plummer et a., 1989) and sometimes during
anthesis and initial fruit set (Monselise and Goldschmidt,
1982). Delaying harvest in an on-crop year further reduces
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flowering in the following year (Hilgeman et al., 19673
1967b)

For alternate bearing in citrus, the effect of fruit on
flora intensity is due to the effect of crop load on floral shoot
production each spring. Effects of fruit on a branch include
decreased sprouting percentage and a decreased number of
flora shoots in the return bloom (Plummer et al., 1989,
Koshita et al., 1999). Fruit-bearing shoots normally have a
lower number of leafless and leafy inflorescences, but a
higher percentage of vegetative shoots (Koshita et al., 1999).
Theinhibitory effect of fruit extends to adjacent branches, but
not to adjacent limbs (Mullins et a., 1989; Plummer et al.,
1989). Most studies suggest that fruit exert their inhibitory
effect on flowering during the period of flora induction
(Plummer et al., 1989; Garcia-Luis et al., 19953, 1995b) and
that removal of fruit causes a decrease in vegetative shoots
and an increase in reproductive shoots in the spring (Garcia-
Luis et al., 1995a; 1995b). Effects of fruit removal on a
branch include increased number of sprouting buds per shoot
(Monsdlise et al., 1981), increased number of flowers,
increased number of generative and mixed shoots, and a
decreased number of vegetative shoots (Becerra and
Guardiola, 1984; Garcia-Luis et a., 1995a). Monselise and
Goldschmidt (1982) suggested that biennial bearing was
induced through a lack of flowering positions after a heavy-
bearing year. Some studies state the importance of spring
vegetative shoot growth on the return bloom (Ehara et a.,
1981; Plummer et al., 1989). Few studies, however, show the
importance of summer and fall vegetative shoot growth to the
return bloom. Monselise and Goldschmidt (1982) and
Monsdlise et a. (1981) found that summer vegetative shoot
growth was inhibited on trees with heavy crops.

Thus, the mechanism by which fruit exert their
inhibitory effect on return bloom is unresolved, and the
physiological basis of the inhibitory effect is unknown. In
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preparation for studies elucidating the physiology underlying
the mechanism by which fruit cause the cyclic differences in
flora intensity, the following two hypotheses were tested to
identify the mechanism leading to alternate bearing in ‘ Pixie’
mandarin (Citrus reticulata Blanco). (1) The on-crop reduces
summer and fall vegetative shoot growth and, thereby,
decreases the number of sites that can bear flowers the next
spring. If this hypothesisis valid, removal of fruit just prior to
or during sprouting of the summer vegetative flush will
increase the number and length of vegetative shoots (if
environmental conditions permit growth) and increase floral
intensity in the spring on these shoots. (2) The heavy on-crop
reduces the transition of vegetative buds to reproductive buds,
resulting in more vegetative shoots and less reproductive
shoots, a decrease in flower number and an off-crop. In
"Navel’ orange (C. sinensis L.), and presumably other Citrus
spp., phase transition occurs approximately mid-December to
mid-January in Cdlifornia (Lord and Eckard, 1987). If this
hypothesis is valid, removal of fruit from approximately
November to early January will increase the number of
reproductive shoots and reduce the number of vegetative
shoots formed during spring bloom. ‘Pixie’ mandarin, a
strong alternate bearer grown in the Ojai Valley, Calif., USA,
was used as the mode system. In the case of ‘Pixi€
mandarin, the previous season’s crop is normally till on the
tree during floral induction (December-January) and through
anthesis (March-April). The crop reaches maturity in April-
May. The effect of crop load and fruit remova from June
through January on return bloom in spring was quantified in
two separate studies.

Materials and Methods

Determining the effect of fruit removal. To determine
the effect of fruit removal on return bloom, heavily bearing
10-year-old ‘Pixie’ mandarin trees on ‘Carrizo’ citrange (C.
sinensis x Poncirus trifoliata [L.] Raf.) rootstock, in a
commercia orchard in the Ojai Valley, Calif., USA, (34°27'
N, 119°15" W) were used. Only visually healthy trees, with
uniform canopy size, setting an on-crop (based on 4 years' of
yield data and visual confirmation) were selected for the
experiment. The following treatments were replicated on 16
single-tree replicates: (i) one shoot with no fruit, (ii) one
shoot with fruit, and (iii) eight shoots from which fruit were
removed from one shoot per month from June through
January, atotal of 8 months. Selected (tagged) parent shoots
were >1 year old. The number of nodes on each parent shoot
was recorded, as well as the number of fruit per shoot. The
number of summer and fall shoots produced, as well as the
number of nodes per shoot, was determined until spring
bloom. At full bloom, the number of leafless and leafy floral
shoots, flowers, and vegetative shoots produced by each
parent shoot was quantified. Harvest of mature fruit was after
spring bloom.

Determining the effect of crop load. In a separate study,
12 on-crop and 12 off-crop 10-year-old ‘Pixie’ mandarin
trees on ‘Troyer’ citrange rootstock in a commercial orchard
in the Ojai Valley, were used. For on-crop trees, three fruit-
bearing shoots and one non-bearing shoot (vegetative shoot)
in each of the four quadrants of the tree (N, S, E and W) were
selected and tagged for analysis. For the off-crop trees, one
fruit-bearing and three non-bearing shoots in each of the four
qguadrants of the tree were selected and tagged. Shoots
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selected and tagged (parent shoots) were >1 year old. Only
visually healthy tees, with uniform canopy size and on- and
off-crops, respectively (based on 4 years of yield data and
visual confirmation), were selected for the experiment. The
number of nodes and fruit per parent shoot were recorded.
The number of summer and fall shoots produced, as well as
the number of nodes per shoot, was determined until spring
bloom. At full bloom, the number of leafless and leafy floral
shoots, flowers, and vegetative shoots produced by each
parent shoot was quantified. Harvest of mature fruit was after
spring bloom.

Statistical analysis. Analysis of variance was used to
test for treatment effects on summer/fall vegetative shoot
growth, floral intensity and production of leafless, leafy and
vegetative shoots and yield at bloom using the General Linear
Models procedure of the SAS statistical program (SAS Inst.
Inc., Cary, N.C.). Means were separated using Duncan’'s
multiple range test at P = 0.05.

Results

Effect of fruit removal. All data are expressed as number
per 100 total nodes, which includes the number of nodes on
the selected parent shoot (>1 year old) and the number of
nodes on new shoots that developed until the next spring
bloom. Removal of fruit from parent shoots of on-crop trees
in June or July significantly increased the number of summer
and fall vegetative shoots that developed and the number of
nodes on these shoots compared to both non-bearing and
fruit-bearing parent shoots (Table 1). These summer/fall
shoots produced significantly more flowers during spring
bloom than the summer/fall shoots borne on fruit-bearing
parent shoots. Only the summer/fall shoots on parent shoots
with fruit removed in June produced significantly more
flowers than summer/fall shoots borne on non-bearing parent
shoots. Flowers were predominantly borne on leafless floral
shoots compared to leafy floral shoots (data not shown). Fruit
removal in June or July significantly increased the number of
leafless floral shoots produced on summer/fall shoots
compared to the summer/fall shoots of both fruit-bearing and
non-bearing shoots. Fruit remova in August produced an
intermediate response. These shoots produced a greater
number of summer/fall shoots than fruit-bearing shoots but
not greater than non-bearing shoots. However, fruit removal
in August resulted in more nodes on summer/fall shoots
compared to summer/fall shoots on fruit-bearing and non-
bearing shoots. Despite the increased number of nodes, there
was no difference in the number of flowers or leafless flora
shoots produced by summer/fall shoots for the August fruit
removal treatment, fruit-bearing shoots or non-bearing
shoots. Removal of fruit from parent shoots each month from
September through January had no effect on the number of
summer/fall vegetative shoots that developed or the number
of nodes on these shoots and no effect on flowering or
production of leafless floral shoots compared to non-bearing
and fruit-bearing shoots.

The total number of shoots produced during spring
bloom was the same for non-bearing parent shoots and those
parent shoots with fruit removed in June or July (Table 2).
For each of these treatments, total spring shoot production
was significantly greater than for parent shoots with fruit
removed in January and fruit-bearing shoots. Fruit removal
from parent shoots from August through December only
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increased spring shoot production over that of fruit-bearing
parent shoots. Non-bearing parent shoots and those with fruit
removed in June, July or August produced significantly more
flowers on the new spring growth than fruit-bearing parent
shoots or parent shoots with fruit removed in January. In
addition, parent shoots with fruit removed in June produced
more flowers on spring shoots than parent shoots with fruit
removed in September through December. All flowers were
borne predominantly on leafless floral shoots compared to
leafy flora shoots (data not shown). Non-bearing parent
shoots and those with fruit removed in June or July produced
significantly more leafless floral shoots than fruit-bearing
shoots and parent shoots with fruit removed in January.
Parent shoots with fruit removed in August only produced
more leafless floral shoots than fruit-bearing parent shoots. It
was of interest that fruit removal from parent shoots in June,
July or August also significantly increased the number of
flowers borne on the parent shoots themselves, i.e., on wood
>1 year old, compared to fruit-bearing parent shoots (data not
shown).

Table 1. Effect of fruit removal from shoots of on-crop trees
from June through January on summer and fall vegetative
shoot growth (S/F) and return bloom in spring.

Leafless
Nodes Flowers  floral shoots
SIF on S/F on S'F on S/F
Factor shoots shoots shoots shoots
------------ number per 100 nodes -------------

Non-bearing 1.5 bc? 64 b 8.7 bc 54 b

shoot
Fruit removed

June 53 a 210 a 210 a 175 a

July 53 a 212 a 18.3 ab 16.0 a

August 32 b 164 a 8.4 bc 43 b

September 1l4bc 6.4 b 23 ¢ 13b

October 11c 51b 14 ¢ 14 b

November 0.0 c 00 b 00 c 00 b

December 0.7 c 20 b 15¢ 10b

January 06 c 30b 16 ¢ 06 b

Fruit-bearing 0.7 c 23 b 21c 12 b
shoot

P-value 0.0001  0.0001 0.0001 0.0001

Effect of crop load. All data are expressed as number
per 100 total nodes, which includes the number of nodes on
the selected parent shoot (>1 year old) and the number of
nodes on new shoots that developed up until the next spring
bloom. The on- or off-crop status of trees influenced
flowering on summer/fall vegetative shoots and during return
bloom in spring, independent of whether fruit were present on
the parent shoot. Parent shoots of either type (fruit-bearing or
non-bearing) on on-crop trees produced significantly fewer
flowers on summer/fall vegetative shoots than off-crop trees,
despite the lack of effect of crop load on the production of
summer/fall vegetative shoots and the number of nodes on
these shoots (Table 3). In addition, during return bloom both
fruit-bearing and non-bearing shoots on on-crop trees
produced significantly fewer total shoots, leafless floral
shoots and flowers than these shoots on off-crop trees (Table
4).

Table 3. Effect of crop load on summer and fall vegetative
shoot growth (S/F) and return bloom in spring.

SF Nodes on Flowerson
Factor shoots  S/Fshoots  S/F shoots
--------- number per 100 nodes ------
Tree status
On 0.2 12 03 b
Off 0.5 4.8 59 a
Shoot type
Fruit-bearing 0.0 b’ 01lb 01lhb
Non-bearing 0.7 a 58 a 6.1 a
On tree
Fruit-bearing shoot 0.0 0.0 0.0
Non-bearing shoot 0.7 4.6 12
Off tree
Fruit-bearing shoot 0.1 0.5 0.4
Non-bearing shoot 0.7 6.2 1.7
Significance of F tests
Tree status (T) 0.8551 0.2555 0.0645
Shoot type (S) 0.0001 0.0001 0.0216
TxS 0.6139 0.6698 0.0998

*Means in a vertical column followed by different letters are
significantly different at the 5% level.

Table 2. Effect of fruit removal from shoots of on-crop trees
from June through January on the return bloom in spring.

Total spring Total Total leafless
Factor shoots flowers floral shoots
------------ number per 100 nodes -----------
Non-bearing 403 & 40.7 ab 284 ab
shoot
Fruit removed
June 414 a 432 a 31.7 a
July 429 a 39.2 ab 319 a
August 374 ab 38.3 ab 23.8 abc
September 30.3 ab 27.4 bc 17.5 bed
October 324 ab 25.7 bc 15.4 bcd
November 331 ab 26.5 bc 133 cd
December 314 ab 26.0 bc 17.8 bcd
January 255 b 175 ¢ 111 cd
Fruit-bearing 125 ¢ 11.7 c 74 d
shoot
P-value 0.0001 0.0001 0.0003

*Means in a vertical column followed by different letters are
significantly different at the 5% level.

Table 4. Effect of crop load on the return bloom in spring.

Total spring  Tota Total leafless
Factor shoots flowers  floral shoots
---------- number per 100 nodes -------
Tree status
On 10.6 b’ 6.4 b 28 b
Off 464 a 59.9 a 188 a
Shoot type
Fruit-bearing 6.8 b 41 b 16 b
Non-bearing 499 a 619 a 199 a
On tree
Fruit-bearing shoot 31 0.2 0.1
Non-bearing shoot 329 25.2 10.6
Off tree
Fruit-bearing shoot 18.3 16.3 6.1
Non-bearing shoot 55.6 74.2 23.0
Significance of F tests
Tree status (T) 0.0001 0.0002 0.0050
Shoot type (S) 0.0001 0.0001 0.0001
TxS 0.0916 0.0002 0.0972

*‘Means in a vertical column followed by different letters are
significantly different at the 5% level.
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*Means in a vertical column followed by different letters are
significantly different at the 5% level.
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Fruit-bearing parent shoots on either on- or off-crop
trees produced significantly fewer summer/fall vegetative
shoots, significantly fewer nodes on summer/fall shoots and
less flowers on these shoots compared to non-bearing parent
shoots (Table 3). Moreover, fruit-bearing parent shoots
produced significantly fewer spring shoots, leafless floral
shoots and flowers than non-bearing shoots independent of
the on- or off-crop status of the whole tree (Table 4).

The number of flowers produced by summer/fall
vegetative shoots was weakly affected by the interaction
between the on- or off-crop status of the tree and the fruit-
bearing or non-bearing status of the parent shoot (P = 0.0998)
(Table 3). However, the interaction between on- or off-crop
status of the tree and parent shoot type (fruit-bearing or non-
bearing) significantly affected the total number of flowers
produced in the return spring bloom (P = 0.0002) (Table 4).
The interaction had weak effects on the total number of
shoots produced in the spring (P = 0.0916) and on the number
of leafless floral shoots (P = 0.0972). The effect of the on-
crop (whole tree effect) is evident on the non-bearing shoots
of on-crop trees (Tables 3 and 4), whereas the localized effect
of fruit on individual shoots is observed for fruit-bearing
shoots on off-crop trees (Tables 3 and 4).

Discussion

The results of these studies provide evidence in support
of hypothesis 1, that fruit are exerting an inhibitory effect in
the summer (June to July) that reduces summer and fall
vegetative shoot growth and, thereby, reduces the number of
sites on which to bear flowers the following spring. Fruit
removal from shoots in June and July increased the number
of summer and fall vegetative shoots that developed and the
number of flowers on the summer/fall shoots. Summer/fall
vegetative shoots on parent shoots with fruit removed in June
or July, respectively, contributed 49% and 47% of the total
flowers in the return spring bloom. Parent shoots with fruit
removed in June, July and August resulted in a higher number
of leafless flora shoots in the return bloom compared to fruit-
bearing shoots. Similar results were obtained for C. sinensis
and C. unshiu when fruit were removed September through
December, with increased flower number due to the increased
number of leafless floral shoots (Becerra and Guardiola,
1984; Garcia-Luis et al., 1986). Fruit removal from parent
shoots in June, July or August also significantly increased the
number of flowers borne on the parent shoots themselves, i.e.,
on wood >1 year old, compared to fruit-bearing parent shoots.
Fruit removal in September through January did not increase
the number of summer/fall shoots that developed, nor the
number of flowers on these shoots compared to fruit-bearing
shoots. At spring bloom, these treatments also did not
increase floral intensity compared to fruit-bearing shoots. An
additional effect of fruit on spring shoot development and
flowering cannot be ruled out since mature fruit remained on
the trees past spring bloom.

In the present study, no evidence was obtained to
support hypothesis 2. Fruit removal in December and January
significantly increased total shoot production in spring but
had no effect on floral intensity or the number of leafless (or
leafy) floral shoots. Similar results were obtained for C.
unshiu when fruit were removed in January or later (Garcia-
Luis et a., 1986). During the return bloom in spring, the
number of flowers on summer and fall vegetative shoots and
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the total number of flowers produced were each influenced by
the interaction between the on- or off-crop status of the tree
and the presence or absence of fruit of the parent shoot.
Additional studies are being conducted to further establish
that a heavy on-crop exerts a significantly greater effect
during the summer, by reducing summer and fall vegetative
shoot growth and the number of flowers borne on the old
wood of the parent shoots, compared to the effect of the crop
in winter in reducing return bloom in the spring. In these
studies, the underlying physiological basis for the inhibitory
effect of fruit on summer and fall vegetative shoot growth is
being contrasted with the apparent lack of effect of fruit on
phase transition in winter. Subsequently, management
strategies to mitigate the negative effects of the on-crop on
return bloom will be developed.

Acknowledgement

This paper represents a portion of the dissertation
submitted by J.S.V. in partia fulfillment of the requirements
for the Ph.D. in Plant Biology at the University of California.
J.S.V. acknowledges the support of the Skye Foundation. The
authors acknowledge partial support from the Citrus Research
Center and Agricultural Experimental Station of the
University of California, Riverside (UCR). The authors thank
the members of the Ojai Valey Pixie Growers Association,
especially Tony Thacher and Jim Churchill for loaning their
orchards and staff for the research presented herein.

Literature cited

Becerra, S. and JL. Guardiola. 1984. Inter-relationship
between flowering and fruiting in sweet orange, cultivar
Navelina. Proc. Intl. Soc. Citricult. 1:190-194.

Ehara, T., T. Nogata, and T. Nakamuta. 1981. Studies on
fruit-bearing branches of Satsuma mandarins. Proc. Intl.
Soc. Citricult. 1:209-214.

Garcia-Luis, A., V. Almela, C. Monerri, M. Agusti, and J.L.
Guardiola. 1986. Inhibition of flowering in vivo by
existing fruits and applied growth regulators in Citrus
unshiu. Physiol. Plant 66:515-520.

GarciaLuis, A., F. Fornes, and JL. Guardiola. 1995a. L eaf
carbohydrates and flower formation in Citrus. J. Amer.
Soc. Hort. Sci. 120:222-227.

GarciaLuis, A., M. Kanduser, and JL. Guardiola. 1995b.
The influence of fruiting on the bud sprouting and
flower induction responses to chilling in Citrus. J. Hort.
Sci. 70:817-825.

Goldschmidt, E.E. and A. Golomb. 1982. The carbohydrate
balance of dternate-bearing citrus trees and the
significance of reserves for flowering and fruiting. J.
Amer. Soc. Hort. Sci. 107:206-208.

Hield, H.Z. and R.H. Hilgeman. 1969. Alternate bearing and
chemical fruit thinning of certain citrus varieties. Proc.
Intl. Citrus Symp. 3:1145-1153.

Hilgeman, R.H., JA. Dunlap, and F.O. Sharp. 1967a. Effect of
time of harvest of Valencia oranges in Arizona on fruit
grade and size and yield the following year. Proc. Amer.
Soc. Hort. Sci. 90:103-109.

Hilgeman, R.H., JA. Dunlap, and G.C. Sharples. 1967b.
Effect of time of harvest of Valencia oranges on leaf
carbohydrate content and subsequent set of fruit. Proc.
Amer. Soc. Hort. Sci. 90:110-116.

523



Koshita, Y., T. Takahara, T. Ogata, and A. Goto. 1999.
Involvement of endogenous plant hormones (IAA,
ABA, GAS9) in leaves and flower bud formation of
satsuma mandarin (Citrus unshiu Marc.). Scientia Hort.
79:185-194.

Lord, EM. and K.J. Eckard. 1987. Shoot development in
Citrus sinensis L. (Washington Navel orange). II.
Alternation of developmental fate of flowering shoots
after GA; treatment. Bot. Gaz. 148:17-22.

Monselise, S.P. and E.E. Goldschmidt. 1982. Alternate
bearing in fruit trees. Hort. Rev. 4;128-173.

Monselise, S.P., E.E. Goldschmidt, and A. Golomb. 1981.
Alternate bearing in citrus and ways of control. Proc.
Intl. Soc. Citricult. 1:239-242.

Moss, G.I. 1971. Effect of fruit on flowering in relation to
biennial bearing in sweet orange (Citrus sinensis). J.
Hort. Sci. 46:177-184.

524

Moss, G.I. 1973. Mgjor factors influencing flower formation
and subsequent fruit-set of sweet orange. Proc. Intl. Soc.
Citricult. 2:215-222.

Moss, G.., J Bdlamy, and K.B. Bevington. 1974.
Controlling biennial bearing. Aust. Citrus News 50:6-7.

Mullins, M.G., JA. Plummer, and A.M. Snowball. 1989.
Flower initiation: new approaches to the study of
flowering in perennial fruit plants, p. 65-77. In: C.J.
Wright (ed.). Manipulation of fruiting. Butterworths,
London.

Plummer, JA., M.G. Mullins, JH. Vine, and R.P. Pharis,
1989. The role of endogenous hormones in shoot
emergence and abscission in alternate bearing Valencia
orange trees. Acta Hort. 239:341-344.

Wheaton, T.A. 1992. Alternate bearing of citrus. Proc. Intl.
Seminar Citricult. 1:224-228.

Proceedings of the International Society of Citriculture, February 2004, Vol. 11.



Proceedings of the International Society of Citriculture, February 2004, Vol. 1I. 525



