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Abstract 

 
In this study, we have demonstrated the variations of carbohydrates and phenolic compounds present in the leaves and stems 

of „Kinnow‟ mandarin (Citrus reticulata Blanco) trees in alternate bearing cycle and the possible involvement of these 

compounds to flower bud formation process. The amounts of these compounds were determined in the leaves and stems of 

“on” and “off” trees  monthly  from Nov. 2010 until Mar. 2011 coinciding with citrus trees floral bud induction and 

differentiation in northern hemisphere. The experiments were designed as a randomized complete block with three 

replications and two trees per each replication. Results showed that the presence of fruits on “on” trees inhibited flower bud 

formation, decreased total sprouted buds and resulted in the reduction of vegetative growth of these trees. The endogenous 

levels of soluble sugars and total non-structural carbohydrates in leaves and the starch contents of stems were affected by 

fruiting state of trees. Variations of total phenol contents in the leaves and stems were related to presence or absence of fruits 

on trees. As in the last three months of the experiment, the total phenol content of the leaves of non-bearing trees was about 

1.2 times higher than the leaves of bearing trees and in the first two months, it was 1.73 and 1.34 times lower respectively. 

The phenolic contents of the stems were significantly lower in non-bearing trees than in fruit-bearing ones. Among the five 

phenolic compounds analyzed, the change pattern of changes in the contents of chlorogenic acid, caffeic acid and naringin 

were different in two types of trees. For example leaves chlorogenic acid content of non-bearing trees was 1.73, 1.6 and 1.72 

times higher than the leaves of bearing trees in the last three months of the study respectively. Similar trend was observed for 

the amounts of all phenolic compounds in the stems of bearing and non-bearing tress.  
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Introduction  

Alternate bearing (biennial or uneven bearing) is the 

tendency of fruit trees to produce a heavy crop in one 

year (on-year), followed by a light crop or no crop in the 

next year (off-year). This phenomenon is widespread 

among deciduous fruit trees as well as evergreens 

(Monselise and Goldschmidt, 1982). Alternate bearing 

is a major problem in citrus fruit production all over the 

world especially within the mandarin and their hybrids 

(Wheaton, 1997). Alternate bearing in citrus cultivars is 

known to be due to a lack of flowering in the next 

spring following a heavy crop in previous year, but not 

to a negative effect of a heavy crop on fruit set 

(Goldschmidt and Golomb, 1982). Both internal and 

external factors which might affect alternate bearing 

have been described by some research (Goldschmidt, 

2005; Jonkers, 1979; Monselise and Goldschmidt, 1982; 

Singh, 1948a; Singh, 1948b). In most cases alternate 

bearing is the result of poor flower initiation and 

differentiation. Lack of flower bud formation has been 

attributed to carbohydrate levels in citrus (Li et al., 

2003; Monerri et al., 2011; Stander et al., 2017; 

Valiente and Albrigo, 2004), in olive (Lavee, 2006; 

Ulger et al., 2004), and in pistachio (Rosecrance et al., 

1998; Vemmos, 1999), and also to growth regulators in 

citrus (Goldschmidt et al., 1985; Koshita and Takahara, 

2004; Koshita et al., 1999; Li et al., 2003; Valiente and 

Albrigo, 2004) and in olive (Baktir et al., 2004; Lavee, 

2006; Ulger et al., 2004). On the other hand in citrus 

trees the presence of fruits reduces bud sprouting, 

vegetative growth and shoot biomass (Martínez-

Alcántara et al., 2015; Mirsoleimani et al., 2014; 

Verreynne and Lovatt, 2009).   

Phenolic compounds are secondary metabolites, 

which possess an aromatic ring bearing one or more 

hydroxyl groups and their structures may range from a 

simple phenolic molecule to those of complex high-

molecular mass polymers. These compounds, which are 

classified as phytochemicals, occur widely in plant 

kingdom and play important both physiological and 

morphological roles in plants. Due to their bioactive 

properties, phenolic compounds play an important role 

in plant growth and development (Ignat et al., 2011). 

The involvement of phenolic acids such as chlorogenic 
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acid, cinnamic acid, ferulic acid and caffeic acid in 

controlling the alternate bearing of olive trees has been 

reported by Lavee et al. (1985). (Lavee et al. (1993) 

hypothesized that the active phenolic compounds on one 

hand and the metabolic pathway leading to it on the 

other hand, are somewhat different and apparently 

specific in the various tissues of different plants. The 

effects of phenolics in flower bud differentiation have 

not been explored for other fruit trees such as citrus in 

detail (Goldschmidt, 2005). 

Positive correlations have been shown between 

carbohydrates accumulation and flowering, which have 

led researchers to assume that the levels of 

carbohydrates may be a limiting factor in flower bud 

formation in citrus (Goldschmidt and Golomb, 1982). 

This hypothesis is supported by the fact that girdling (Li 

et al., 2003; Vemmos, 2005) and or reduction in crop 

load before winter by thinning (Dag et al., 2010; 

Martínez‐Fuentes et al., 2010) or early fruit harvesting 

(Vemmos, 1999; Yahata et al., 2006) can enhance 

carbohydrates and starch accumulation leading to flower 

formation in the next growth season. 

 However, in some cases, a positive relationship 

between carbohydrate levels and flower bud formation 

could not be demonstrated (García-Luis et al., 1995; 

Goldschmidt and Golomb, 1982; Ulger et al., 2004). 

The objectives of our investigation were to 

determine: 1) the relation between carbohydrates, 

soluble sugars and starch levels in the leaves and stems 

and alternate bearing in „Kinnow‟ mandarin and 2) 

changes in phenolic compounds in relation to biennial 

bearing pattern of these trees 3) relation between these 

changes and flower bud formation stages in trees. 

  

 Materials and Methods 

 Plant materials and sampling: This study was 

conducted on 10-year old „Kinnow‟ mandarin (Citrus 

reticulata Blanco) trees (without any annual pruning) 

grafted on „Mexican‟ lime (Citrus aurantifolia) 

rootstock grown in a commercial orchard in the city of 

Darab, Fars Province, Iran. Trees were irrigated by 

micro-sprinkler and standard commercial cultural 

practices were performed during the experiment. 

Twelve uniform size trees (six for on- and six for off-

year) were selected in September, 2010. The 

experiments were designed as a randomized complete 

block with three replications and two trees per 

replication. Samples for chemical analysis were taken 

from “on” and “off” trees in approximately monthly 

intervals from Nov. 2010 till Mar. 2011. Each time, 

fifteen current season growth branches were collected 

for each replication. At first, fully expanded leaves were 

taken from the tip end of these shoots for chemical 

analysis and then the rest of the leaves were removed to 

collect the stems. Leaves and stems were washed with 

water and kept in liquid nitrogen and brought to the 

laboratory. Mature fruits were harvested on Feb 5, 2011. 

Flower bud development: Ten shoots (15-20 cm 

long) from each replication were sampled at one month 

intervals. In order to study the flower bud development, 

the shoots were defoliated and sprayed with 100 mg/l 

benzyladenine and then placed in a vase contain 

distillated water in a growth chamber kept at 28˚C for 

three weeks (Yahata et al., 2006). 

Carbohydrates analysis: Tissues were dried in a 

forced air oven at 65˚C for 48 hrs. and then ground into 

fine powder. Dry tissue samples (100mg each) were 

used for assaying the soluble sugars and starch content 

of leaves and stems. Soluble sugars were extracted in 

hot 80% ethanol and assayed using phenol-sulforic acid 

method using glucose as standard (Masuko et al., 2005). 

The remaining materials left in the centrifuge tubes after 

the removal of soluble sugars were washed and 

extracted with percholoric acid/water (5%) mixture for 

starch determination. The starch content in extracts was 

determined colorimetrically using the anthrone method 

(Saini, 2001). The solution absorbance was determined 

at 630 nm in a digital spectrophotometer (WPA 

Biowave II) and the starch content was calculated by 

multiplying the glucose content by 0.9. The amounts of 

total non-structural carbohydrates (TNC) were 

calculated by adding the amount of starch and soluble 

sugars together (Li et al., 2003). 

Phenolic compounds analysis: Extraction, 

separation and quantification of phenolics were 

performed according to Misan et al. (2011) method with 

some modifications. 

Sample preparation: Plant extracts were prepared 

by macerating 200 mg frozen samples (leaf or stem) 

with a solution of methanol/acetic acid mixture (85:15) 

for 24 hrs. at 4˚C and subsequently extracted in an 

ultrasonic bath at room temperature for 15 mins. The 

resulting suspension was then centrifuged at 10000 rpm 

for 20 mins at 0˚C. To remove compounds such as 

chlorophylls and lipids, the supernatant was extracted 

with 1 ml n-hexane and centrifuged at 10000 rpm for 10 

mins. After removing the supernatant, the resulting 

solution was used for the analysis of both total phenolic 

contents and their components. 

Determination of total phenolics: Total phenolics 

were determined spectrophotometerically using Folin-

Ciocalteu,s reagent and results were expressed as gallic 

acid equivalents. Quantification of total phenolics were 

performed by using a microplate reader (Bio Tek 

ELx808) at 750 nm and gallic acid calibration curve.  

HPLC analysis of phenolic compounds: The 

HPLC system employed consisted of a high 

performance liquid chromatograph (Agilent 1200 series) 

equipped with a UV-Vis multiwavelength detector at 

280 and 330 nm. Data were evaluated using a 

Chemstation Software (Agilent Technologies) data 

processing system. The separation of components was 

achieved by an Agilent, XDB-C18, 5 μm, 4.6×150 mm 

column, at a flow-rate of 1 ml min
-1

. Solvent gradient 

was performed by varying the proportion of solvent A 

(methanol) to solvent B (2% acetic acid in water) to 

separation of vanillic acid, catechin and naringin in 280 

nm and chlorogenic acid and caffeic acid in 330 nm. 
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The total running time and post-running time were 30 

and 10 mins, respectively. The column temperature was 

30ºC. The volumes of samples and standards injected 

were 20 μL which was done automatically using 

autosampler (Misan et al., 2011). 

Statistical analysis: Statistical analysis was 

performed using the SAS software for Windows V9 

(SAS Institute Inc. Cary, NC, USA). Differences among 

the mean values were detected by Least Significant 

Differences (LSD) test at %5 level. 

 

Results 

Flower bud development: Table 1 shows that the 

percentage of bud-break in “on” trees were very low 

and all those buds broken were vegetative. On the other 

hand, generative shoots appeared only in the last two 

sampling dates and were only in non-fruiting trees.  

Changes in starch content: Leaves starch contents 

in “on” trees were constant in the first three months of 

experiment and increased significantly during the last 

one and reached the maximum value (1.33 mg/g DW). 

In “off” trees, leaf starch contents decreased 

significantly during the three first month and 

remarkably increased in the last one. These data 

indicated that leaf starch concentrations in „Kinnow‟ 

mandarin trees were affected by sampling date (Fig. 1). 

Although leaves starch concentrations in “on” trees 

were lower than in “off” trees but the differences 

between them were not significant except for the first 

sampling date. Thus presence or absence of fruits on 

shoots did not have effect on leaf starch concentrations. 

Stems starch contents in “off” trees increased 

gradually from beginning to the end of the study. In 

“on” trees stems starch concentrations were stable 

during the first three months of experiment but 

increased significantly during the last one. Stem starch 

concentrations in “off” trees were higher than in “on” 

trees all over the experiment except for the first 

sampling date. This indicated that starch contents in 

stem tissue were influenced by tree fruiting state 

 (Fig. 1). 

Changes in total soluble sugars: Leaf total soluble 

sugars (TSS) in “off” trees increased significantly (P < 

0.001) from minimum value (3.98 mg/g DW) at the 

beginning of the season and reached the highest value 

(8.92 mg/g DW) in Feb. and decreased significantly 

during the last month. Leaf TSS contents in fruiting 

trees had an initial significant increase during the first 

month but remained steady until the end of the 

experiment (Fig. 2). Thus sampling time affected the 

variation of leaves TSS concentrations in both types of 

trees. Differences between leaf TSS contents in “on” 

and “off” trees were noticeable in the last three months 

of the experiment. Thus seasonal changes of leaf TSS 

contents were influenced by presence of fruits on 

shoots. 

Presented data in figure 2 also shows that stem TSS 

concentration in “off” trees increased gradually during 

Nov. and Dec. and decreased significantly during Jan. 

and Feb. In “on” trees stem TSS contents increased 

significantly during first month and reduced 

significantly during the last month of the experiment but 

were constant during the two rest periods. These results 

indicated that the time of sample preparation affected 

significantly on TSS contents of stems. Differences 

between stem TSS concentrations were significant for 

sample prepared in Nov. and Feb. and were similar in 

“on” and “off” trees in remained sampling dates (Fig. 2). 

Changes in total non-structural carbohydrates 

(TNC): Leaf total non-structural carbohydrate (TNC) 

contents in “on” trees after an initial significant (P < 

0.01) increase during the first month was stable till the 

end of the experiment. TNC contents in the leaves of 

non-fruiting trees had significant increasing trend in the 

first two months but decreased significantly during the 

last month of the study. Thus leaf TNC concentrations 

in “on” and in “off” trees were affected by sampling 

time (Fig. 3). Fruiting state effect on leaf TNC contents 

of trees because the differences between leaves TNC 

contents in “on” and in “off” trees were noticeable in 

the last three sampling dates. Figure 3 also shows that 

stem TNC contents in both types of trees influenced by 

sampling time. Both trees had increasing trend during 

the first two months and had significant decreasing rate 

over the last two months of the study. Except for the 

first sampling date, mean values of TNC contents of 

stems in “on” and in “off” trees were not different  

(Fig. 3). 

Changes in total phenolic compounds: Pattern of 

seasonal variations in leaf phenolic contents in “on” 

trees was constant throughout the experiment and did 

not affect by time of sampling. Leaf phenolic contents 

in “off” trees increased during the first three months and 

from minimum value (46.71 mg/g FW) in the early of 

experiment reached maximum value (92.98 mg/g FW) 

in Feb. and then decreased. This demonstrates that 

sampling date affected on seasonal variation of leaves 

phenolic compounds in “off” trees (Fig. 4). Total 

phenolic contents in leaves were significantly different 

between “on” and “off” trees over the study and these 

show strong effect of crop load on leaf phenolic 

compounds. 

Similar to leaves, seasonal variations in stems 

phenolic contents in “on” trees were very small and 

non-significant. Whereas the rate of stem phenolic 

compounds accumulation in “off” trees increased during 

the first two months of experimentation period and it 

was steady during two last ones. These indicate that the 

time of sample preparation affected the amount of stem 

phenolic compounds in “off” trees (Fig. 4). Stem 

phenolic concentrations were significantly different 

between “on” and “off” trees throughout the season 

except for samples of Jan. These differences are the 

responses to presence of fruits on shoots.    

Changes in chlorogenic acid: Time had significant 

effect in chlorogenic acid (CHA) contents of leaves in 

both “on” and “off” trees. In “on” trees leaf CHA 

decreased significantly during the first two months of 
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Table 1: Flower bud development in excised shoots 

   Percentage of bud break (%) 

Year Date of sampling Tree cropping state Vegetative Generative 

2010 

Oct.  
ON 1.6 0 

OFF 6.45 0 

Nov.  
ON 2.77 0 

OFF 9.64 0 

Dec.  
ON 1.58 0 

OFF 16.74 0 

2011 

Jan.  
ON 3.82 0 

OFF 13.65 0 

Feb.  
ON 3.81 0 

OFF 21.30 1.54 

Mar.  
ON 12.04 0 

OFF 20.85 3.03 

 

  
Figure 1: Monthly changes in starch contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

   
Figure 2: Monthly changes in total sugar contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

experiment and from 0.96 mg/g FW in Nov. reached to 

the lowest value (0.49 mg/g FW) in Jan. and was stable 

after that till the end of study. In “off” trees leaf CHA 

contents increased significantly during the second and 

fourth month and were constant during remaining times 

(Fig. 5). Figure 5 also shows that seasonal changes in 

CHA contents of leaves were affected by fruiting state.  

CHA concentrations in stems of “off” trees were 

constant all over the study but in “on” trees time of 

sampling had significant effect. The differences 

between CHA amounts in stems of two types of trees 

were noticeable in Nov. Jan. and Mar. These indicated 

that fruiting state had significant effect on stem CHA 

contents (Fig. 5). 

Changes in caffeic acid: Leaf caffeic acid (CAA) 

contents in “on” trees were constant during the first 
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Figure 3: Monthly changes in total carbohydrate contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin 

trees. Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

                                 
 Figure 4: Monthly changes in total phenol contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences P<0.05). Bars indicate ± SE. 

 

                                  
Figure 5: Monthly changes in chlorogenic acid contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin 

trees. Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

three months and decreased significantly during the last 

month but whole of this pattern did not affect by time of 

sampling (Fig. 6). In contrast, time had significant effect 

on seasonal variations of CAA in the leaf of “off” trees. 

It increased overall the first two months and from 1.17 

mg/g FW in the beginning of the study reached to 

maximum value (4.02 mg/g FW) but it declined and 

increased again in the last two months respectively. 

Leaves CAA contents in “off” trees were significantly 

lower than in “on” trees in Nov. whereas these were 

higher significantly in Jan. and Mar.  

Caffeic acid contents in the stems of “off” trees were 

constant during the first month. It increased fluctuations 

but the pattern of these variations were not uniform 
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Figure 6: Monthly changes in caffeic acid contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

                                   
Figure 7: Monthly changes in catechin contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

(Fig. 6). Variations in pattern of stem CAA contents in 

“on” and “off” trees were approximately similar thus it 

seemed that fruiting state did not affect stem CAA 

contents of trees.         

Changes in catechin: Leaf catechin (CAT) contents 

in “off” trees increased significantly during the first 

month and decreased significantly after that during the 

second month. It was stable over the last two months of 

study (Fig. 7). Catechin contents of leaves in “on” trees 

were stable in the first month but increased significantly 

during the second month and decreased significantly 

during the third month and constant over the last ones. 

Our data indicate that time of sample preparation 

affected on CAT contents of leaves in „Kinnow‟ 

mandarin trees. The differences between leaf CAT 

contents in “on” and in “off” trees were significant only 

in samples of Dec. and Jan. These show that fruiting 

state had effect on variations of leaf CAT contents only 

at a part of the experiment.  

Stem CAT contents in “on” and “off” trees were 

minimum in the beginning of experiment and increased 

significantly during the first month and reached to 

highest value. It decreased significantly after that during 

the second month and remained constant during the last 

two months of season (Fig. 7). Comparison of stem 

CTA contents between “on” and “off” trees showed that 

the trend of stem CTA content did not affect by fruiting 

state of trees. However, time of sampling affected the 

pattern of variation in stem CTA contents of two types 

of trees. 

Changes in vanillic acid: Leaf vanillic acid 

contents in “on” and “off” trees increased during the 

first two months and decreased after that till the end of 

the experiment but these fluctuations were not 

significant. Therefore, the time of sample preparation 

did not affect the seasonal changes of vanillic acid 

contents in leaves of “on” and “off” trees (Fig. 8). 

Although leaves vanillic acid contents in “on” trees was 

higher than in “off” trees in the first three sampling 

dates, the differences between the means at any times of 

sampling were not significant. Thus, presence or 

absence of fruits had no effect on leaf vanillic acid 

contents of trees. Data presented in figure 8 show that 

neither sampling time nor fruiting state affected on 

seasonal variation of stems vanillic acid contents in 

„Kinnow‟ mandarin trees.  

Changes in naringin content: Leaf naringin 

contents in “on” trees was 3.72 mg/g FW in the 
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Figure 8: Monthly changes in vanillic acid contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

                                
Figure 9: Monthly changes in naringin contents of leaves (A) and stems (B) of “on” and “off” „Kinnow‟ mandarin trees. 

Different letters indicate significant differences (P<0.05). Bars indicate ± SE. 

 

beginning of the experiment and increased significantly 

during the first month and reached to 5.0 mg/g FW 

(maximum value) in the second sampling time. Then, it 

decreased significantly during the second and third 

months and reached to the lowest value (0.63 mg/g FW) 

and was constant over the last month of study (Fig. 9). 

In “off” trees Leaf naringin contents were highest in 

Nov. and decreased significantly to the lowest value 

(0.2 mg/g FW) in Dec. It increased gradually after that 

till the end of the experiment. These data indicate that 

leaf naringin contents in both “on” and “off” trees were 

affected by time of sampling. Except for the last two 

sampling dates, leaf naringin contents in “on” trees were 

significantly higher than in “off‟ trees. These showed 

that tree fruiting status had noticeable effect on leaf 

naringin contents.  

Figure 9 also indicate that the pattern of variation in 

stem naringin contents in both types of trees were 

similar. It was the highest in the beginning of season 

and decreased to the lowest value during the first month 

but remained constant after that until the end of study. 

The differences between stem naringin contents in “on” 

and “off” trees were not significant all over the 

experiment thus stem naringin concentrations did not 

affect by fruiting state. 

    

Discussion 
The data presented in table 1 show that the presence of 

fruits on “on” trees inhibited flower bud formation, 

decreased total sprouted buds and resulted in the 

reduction of vegetative growth of these trees. The 

effects of crop load on the inhibition of citrus flowering, 

vegetative growth and bud break supported by our 

results have been also reported by several researchers. 

Verreynne and Lovatt (2009) reported that for the 

„Pixie‟ mandarin in California, the alternate bearing 

cycles appeared to be a crop load-dependent inhibitory 

effect of fruit on bud break. Fruit load had a significant 

effect on development of flowers per shoot for both 

„Valencia‟ and „Hamlin‟ sweet orange trees (Valiente 

and Albrigo, 2004). The presence of fruits, on branches 

of “on” trees has an inhibitory effect on the sprouting of 

new shoots and the basipetal appearance of lateral buds 

in citrus trees (Garcia‐Luis et al., 1986; Koshita et al., 

1999; Martínez‐Fuentes et al., 2010). The presence of 

fruits on shoots may reduce the sensitivity of buds to 

inductive conditions (Valiente and Albrigo, 2004) or 

may be related to competition for carbohydrates and 
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inorganic elements (Goldschmidt, 2005; Mirsoleimani 

et al., 2014) or the upsetting of the hormonal balance of 

the tree (Goldschmidt, 2005; Monselise and 

Goldschmidt, 1982).In agreement to the negative effect 

of fruits on bud break, we can refer to the noticeable 

difference (%9) between bud sprouting on the stems of 

fruit-bearing trees before and after of fruit harvesting in 

the early of February (Table 1). 

Our results suggest that tree fruiting status is 

reflected in the soluble sugars and TNC contents of 

leaves. Leaf carbohydrate levels of non-bearing trees 

increased over the Nov., Dec. and Jan., coinciding with 

the seasonal decrease in temperature and flower bud 

initiation. While the pattern of variations in leaf 

carbohydrate levels was constant in “on” trees all over 

the season. These indicate that fruits were the most 

powerful sink for soluble sugars and TNC and thus 

prevented the accumulation of reserves in „Kinnow‟ 

mandarin leaves. It seems that carbohydrate changes in 

leaves (but not in stems) between Dec. and Feb. 

(coinciding with floral bud formation in citrus) can 

relate to flower bud formation process. It is possible that 

significant reduction in leaf soluble sugars and TNC 

contents in “off” trees during the last month of 

experiment related to bud sprouting that was very high 

in these trees (Fig. 2).  

Our results also indicate that pattern of variation in 

leaf starch contents did not related to alternate bearing 

cycle and flower bud formation in „Kinnow‟ mandarin 

trees. However it seems that biennial bearing had effect 

on stem starch contents of these trees.   

It is generally accepted that the alternate bearing 

cycles affect by the heavily crop load and this is related 

to reduction of flower bud formation in citrus trees 

(Goldschmidt and Golomb, 1982). On the other hand it 

is also accepted that the flower bud formation process 

has been related to carbohydrate levels in fruit trees and 

especially in citrus (LI et al., 2003; Valiente and 

Albrigo, 2004). This role of carbohydrate levels and 

fruit load on the inhibition of floral bud formation has 

been supported by our results (Table 1). However we 

could not find clear evidences for regulatory role of 

starch in this process. It is believed that, threshold levels 

of reserve carbohydrates should be required for flower 

bud differentiation in fruit trees (Garcia-Luis et al., 

1995; Goldschmidt, 2005). 

There are many reports indicating that, phenolic 

acids and many other phenols affect growth, 

morphogenesis and metabolic activity in both in vivo 

and in vitro systems. These effects of phenolic 

compounds are mainly due to enhancement or reduction 

in auxins effects through their involvement in regulating 

of IAA oxidase activity (Lavee and Avidan, 1981; 

Lavee and Avidan, 1982). Studies on the involvement of 

endogenous hormones in flower bud formation stages 

also have suggested that IAA effect on the stages of 

floral bud formation especially on bud development 

(Baktir et al., 2004; Koshita and Takahara, 2004; 

Koshita et al., 1999). 

In agreement with these reports, our results indicated 

that the presence of fruit on trees affected the total 

phenolic compounds, chlorogenic acid, naringin and 

caffeic acid contents of „Kinnow‟ mandarin leaves. 

Total phenolics and chlorogenic acid increase in the 

leaves of “off” trees from the beginning of the 

experiment (especially from second sampling date) till 

the end of season and leaf caffeic acid contents 

increased significantly over the first two months of 

experiment. This period coinciding with the seasonal 

decrease in temperature, increased the total 

carbohydrates and soluble sugars in these leaf and floral 

bud development process in citrus trees. But in the 

leaves of fruit-bearing trees, the pattern of changes in 

chlorogenic acid was decreasing and the trend of total 

phenolics and caffeic acid was constant throughout the 

season. Our results also showed that changes in leaf 

naringin contents were opposite in non-bearing and 

fruit-bearing trees in the first three sampling dates. This 

indicated that presence or absence of fruit can affect the 

leaves naringin contents but this trend was opposite of 

the total phenolic compounds, chlorogenic acid and 

caffeic acid contents of leaves. Our study also showed 

that tree cropping status was not affected on vanillic 

acid and catechin contents in leaves of „Kinnow‟ 

mandarin trees. On the other hand, stem total phenolics, 

chlorogenic acid, caffeic acid and naringin 

concentrations in „Kinnow‟ mandarin trees were 

affected by alternate bearing habit of trees. In agreement 

with these results, Lavee et al., (1985) have shown that 

chlorogenic acid content of olive leaves fluctuate in 

correspondence with alternate bearing cycle. Different 

trend in the changes of phenolic compounds in response 

to physiological processes have also been observed in 

some other studies. For example Malik et al., (2015) 

have observed that in the bud tissue of some citrus 

species, when the vegetative buds begin to sprout 

chlorogenic acid and naringenin concentration increased 

while in reproductive buds hesperidin and apigenin-7-

glocoside content increased, as well.  

 

Conclusion   

It is concluded that the levels of TNC and soluble sugars 

in leaves and starch content of stems are influenced by 

alternate bearing of „Kinnow‟ mandarin trees, but the 

patterns of their changes are not the same. Total 

phenolic compounds, chlorogenic acid, caffeic acid and 

naringin contents affect by alternate bearing cycle and 

can relate to flower bud formation process in „Kinnow‟ 

mandarin trees. We suggest that phenolic compounds 

(except with vanillic acid and catechin) as plant 

secondary metabolite should be considered as a signal 

for or a result of flower bud formation and alternate 

bearing process. Furthermore, the details of this 

involvement and the stage of this interference are not 

clear and need to further researches.  

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

13
97

.7
.2

5.
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

sp
p.

iu
t.a

c.
ir

 o
n 

20
26

-0
1-

28
 ]

 

                             8 / 10

https://dor.isc.ac/dor/20.1001.1.23222727.1397.7.25.2.9
https://jispp.iut.ac.ir/article-1-871-en.html


47 Changes of phenolic compounds and non-structural carbohydrates … 

 

 

References 

Baktir, I., Ulger, S. and Kaynak, L. (2004) Relationship of seasonal changes in endogenous plant hormones and 

alternate bearing of olive trees. HortScience 39: 987-990. 

Dag, A., Bustan, A., Avni, A., Tzipori, I., Lavee, S. and Riov, J. (2010) Timing of fruit removal affects concurrent 

vegetative growth and subsequent return bloom and yield in olive (Olea europaea L.). Scientia Horticulturae 123: 4-

10. 

García-Luis, A., Fornes, F. and Guardiola, J. L. (1995) Leaf carbohydrates and flower formation in citrus. Journal of the 

American Society for Horticultural Science 120: 222-227. 

Garcia‐Luis, A., Almela, V., Monerri, C., Agustí, M. and Guardiola, J. (1986) Inhibition of flowering in vivo by 

existing fruits and applied growth regulators in Citrus unshiu. Physiologia plantarum 66: 515-520. 

Goldschmidt, E., Aschkenazi, N., Herzano, Y., Schaffer, A. A. and Monselise, S. (1985) A role for carbohydrate levels 

in the control of flowering in citrus. Scientia Horticulturae 26: 159-166. 

Goldschmidt, E. E. (2005) Regulatory aspects of alternate bearing in fruit trees. Italus Hortus. 12: 11-17. 

Goldschmidt, E. E. and Golomb, A. (1982) The carbohydrate balance of alternate-bearing citrus trees and the 

significance of reserves for flowering and fruiting. Journal of the American Society for Horticultural Science 107: 

206-208. 

Ignat, I., Volf, I. and Popa, V. I. (2011) A critical review of methods for characterization of polyphenolic compounds in 

fruits and vegetables. Food Chemistry 126: 1821-1835. 

Jonkers, H. (1979) Biennial bearing in apple and pear: a literature survey. Scientia Horticulturae 11: 303-317. 

Koshita, Y. and Takahara, T. (2004) Effect of water stress on flower-bud formation and plant hormone content of 

satsuma mandarin (Citrus unshiu Marc.). Scientia Horticulturae 99: 301-307. 

Koshita, Y., Takahara, T., Ogata, T. and Goto, A. (1999) Involvement of endogenous plant hormones (IAA, ABA, 

GAs) in leaves and flower bud formation of satsuma mandarin (Citrus unshiu Marc.). Scientia Horticulturae 79: 

185-194. 

Lavee, S. (2006) Biennial bearing in olive (Olea europaea L.). Olea 25: 5-13. 

Lavee, S. and Avidan, N. (1981) Possible involvement of chlorogenic acid in controlling alternate fruiting of the olive. 

In: Proc 13th Int Bot Conf Sydney. 

Lavee, S. and Avidan, N. (1982) Growth responses of tree callus to chlorogenic acid and related phenolic substances. 

In: proceedings, 5th International Congress of Plant Tissue and Cell Culture held, Tokyo, Japan.  

Lavee, S., Avidan, N. and Pierik, R. (1994) Chlorogenic acid-an independent morphgenesis regulator or a cofactor. 

Acta Hort 381: 405-412. 

Lavee, S., Harshemesh, H. and Avidan, N. (1986) Phenolic acids-possible involvement in regulating growth and 

alternate fruiting in olive trees. Acta Hort. 179: 317-328. 

Li, C. Y., Weiss, D. and Goldschmidt, E. E. (2003) Girdling affects carbohydrate‐related gene expression in leaves, 

bark and roots of alternate‐bearing citrus trees. Annals of Botany 92: 137-143. 

Malik, N. S. A., Perez, J. L. and Kunta, M. (2015) Inducing flushing in citrus cultivars and changes in polyphenols 

associated with bud break and flowering. Journal of Horticulture 2: 1-7. 

Martínez-Alcántara, B., Iglesias, D. J., Reig, C., Mesejo, C., Agustí, M. and Primo-Millo, E. (2015) Carbon utilization 

by fruit limits shoot growth in alternate-bearing citrus trees. Journal of plant physiology 176: 108-117. 

Martínez‐Fuentes, A., Mesejo, C., Reig, C. and Agustí, M. (2010) Timing of the inhibitory effect of fruit on return 

bloom of „Valencia‟sweet orange (Citrus sinensis (L.) Osbeck). Journal of the Science of Food and Agriculture 90: 

1936-1943. 

Masuko, T., Minami, A., Iwasaki, N., Majima, T., Nishimura, S.-I. and Lee, Y. C. (2005) Carbohydrate analysis by a 

phenol–sulfuric acid method in microplate format. Analytical biochemistry 339: 69-72. 

Mirsoleimani, A., Shahsavar, A.-R. and Kholdebarin, B. (2014) Seasonal Changes of Mineral Nutrient Concentrations 

of Leaves and Stems of „Kinnow‟ Mandarin Trees in Relation to Alternate Bearing. International Journal of Fruit 

Science 14: 117-132. 

Misan, A. Č., Mimica-Dukic, N. M., Mandić, A. I., Sakač, M. B., Milovanović, I. L. and Sedej, I. J. (2011) 

Development of a rapid resolution HPLC method for the separation and determination of 17 phenolic compounds in 

crude plant extracts. Central European Journal of Chemistry 9: 133-142. 

Monerri, C., Fortunato-Almeida, A., Molina, R., Nebauer, S., Garcia-Luis, A. and Guardiola, J. (2011) Relation of 

carbohydrate reserves with the forthcoming crop, flower formation and photosynthetic rate, in the alternate bearing 

„Salustiana‟sweet orange (Citrus sinensis L.). Scientia Horticulturae 129: 71-78. 

Monselise, S. P. and Goldschmidt, E. (1982) Alternate bearing in fruit trees.  Horticultural reviews: Springers. 

Saini, R. (2001) Laboratory manual of analytical techniques in horticulture.  

Singh, L. (1948a) Studies in Biennial Bearing II. A Review of the Literature. Journal of Horticultural Science 24: 45-65. 

Singh, L. (1948b) Studies in Biennial Bearing: III. Growth Studies in „ON‟and „Off‟Year Trees. Journal of Horticultural 

Science 24: 123-148. 

Stander, O. P., Barry, G. and Cronjé, P. (2017) Fruit-load-induced starch accumulation causes leaf chlorosis in 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

13
97

.7
.2

5.
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

sp
p.

iu
t.a

c.
ir

 o
n 

20
26

-0
1-

28
 ]

 

                             9 / 10

https://dor.isc.ac/dor/20.1001.1.23222727.1397.7.25.2.9
https://jispp.iut.ac.ir/article-1-871-en.html


Journal of Plant Process and Function, Vol. 7, No. 25, Year 2018 48 

 

 

“off”„Nadorcott‟mandarin trees. Scientia Horticulturae 222: 62-68. 

Ulger, S., Sonmez, S., Karkacier, M., Ertoy, N., Akdesir, O. and Aksu, M. (2004) Determination of endogenous 

hormones, sugars and mineral nutrition levels during the induction, initiation and differentiation stage and their 

effects on flower formation in olive. Plant Growth Regulation 42: 89-95. 

Valiente, J. I. and Albrigo, L. G. (2004) Flower bud induction of sweet orange trees [Citrus sinensis (L.) Osbeck]: effect 

of low temperatures, crop load, and bud age. Journal of the American Society for Horticultural Science 129: 158-

164. 

Vemmos, S. (1999) Carbohydrate content of inflorescent buds of defruited and fruiting pistachio (Pistacia vera L.) 

branches in relation to biennial bearing. The Journal of Horticultural Science and Biotechnology 74: 94-100. 

Vemmos, S. (2005) Effects of shoot girdling on bud abscission, carbohydrate and nutrient concentrations in pistachio 

(Pistacia vera L.). The Journal of Horticultural Science and Biotechnology 80: 529-536. 

Verreynne, J. S. and Lovatt, C. J. (2009) The effect of crop load on budbreak influences return bloom in alternate 

bearing „Pixie‟mandarin. Journal of the American Society for Horticultural Science 134: 299-307. 

Wheaton, T. (1997) Alternate bearing of citrus in Florida. Citrus flowering and fruiting short course. Lake Alfred: 

UFLA, IFAS, Citrus Research and Education Center 87-92. 

Yahata, D., Matsumoto, K. and Ushijima, K. (2006) The effect of the time of fruit harvest on flower formation and 

carbohydrate contents in shoots of wase satsuma mandarin trees. Journal of the Japanese Socaiety for Horticultual 

Science 75: 32-37. 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

72
7.

13
97

.7
.2

5.
2.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ji

sp
p.

iu
t.a

c.
ir

 o
n 

20
26

-0
1-

28
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dor.isc.ac/dor/20.1001.1.23222727.1397.7.25.2.9
https://jispp.iut.ac.ir/article-1-871-en.html
http://www.tcpdf.org

