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1. INTRODUCTION 

In fruit trees such as apple (Palmer 1992), peach (Génard et al. 1998) and coffee (Kumar and Tieszen 

1976, Cannell 1985), fruit load has a large effect on dry matter production and partitioning.  

According to the characteristics of the output and input of plant photosynthetic products, the tissues and 

organs can be divided into two categories, namely “sink” and “source”. The “source” refers to the organs 

responsible for the production and transportation of nutrients to other organs, mainly designating the 

blade. The “sink” refers to the organs consuming or reserving nutrients, such as young leaves, stems, 

roots, flowers, fruit, seeds, etc. For fruit trees, the fruit is the main organ of the “sink”, and there is 

competition for nutrients in the growth and development process. Excessive amount of fruits per tree 

decrease fruit size and quality, consume tree reserves and reduce cold hardiness (Dennis, 2000). Only 

the balanced distribution of assimilation products in the organs of sink and source can guarantee the 

high economic yield. Therefore, it is of great significance to adjust the “sink-source” relationship in 

fruit trees for the growth and development of fruit, fruit quality and storage nutrition. The crop load is 

one of the most important factors influencing the relationship of sink (fruit)-source (leaf) of fruit trees. 

With inappropriate crop load, the photosynthesis and storage nutrient of fruit trees were adversely 

influenced, which resulted in the phenomenon of biennial bearing for continuous years (Peng,2003 and 

Krasniqu,2013). Smitha and Samach,2013 found that high crop load of fruit trees led to the weakness 

of tree vigor and affected the development of leaves which resulted in the fruit trees’ senescence at later 

growth stage (Urba,2009 and Chois,2016). Additionally, high crop load reduced trees storage nutrition, 

which significantly affected the vegetative growth and flower bud differentiation in the second year 

(Monselise and Lenz, 1980) 

High fruit load decreases shoot growth and results in strong alternate bearing and production patterns 

in coffee. Furthermore, branch dieback is often observed at high fruit load as a result of the high carbon 
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demand of coffee berries, which represents up to 60% of carbohydrate production over the annual cycle 

(Cannell 1971a). At high fruit loads, there is competition for carbohydrates among berries that strongly 

affects coffee bean size, biochemical composition and beverage quality (Vaast et al. 2005). Cannell 

(1971b) demonstrated that the presence of coffee berries increased total branch dry matter gain and 

speculated that berries stimulated leaf net photosynthesis (Pn). As documented in orange (Moreshet and 

Green 1980), avocado (Blanke 1992) and peach (Pavel and DeJong 1993a), there is evidence that green 

fruits are photosynthetically active and can contribute to their own carbohydrate requirements for 

growth and maintenance. Cannell (1971b) indirectly demonstrated that immature, green coffee berries 

could contribute to their own carbohydrate needs. However, there are no published data on coffee berry 

CO2 exchange rates and the contribution of berry photosynthesis to the carbohydrate requirements of 

the developing fruit. Leaf Pn increases in response to increasing fruit load when carbohydrate 

accumulation in the fruit is high in peach (DeJong 1986) and apple (Palmer 1997), and maximum leaf 

Pn of peach is strongly related to leaf:fruit ratio and fruit carbohydrate demand (Ben Mimoun et al. 

1996). However, several authors have observed feedback inhibition of leaf Pn in response to the 

accumulation of leaf reserves (Guinn and Mauney 1980, Foyer 1998). Cannell (1971b) documented that 

large, long-distance carbohydrate transfers occur in coffee trees. The rest of the tree generally buffers 

the fruit load effect on fruit-bearing branch development by acting either as a source or a sink (Ben 

Mimoun et al. 1998). To study the effect of assimilate partitioning between the tree and individual 

branches, carbohydrate transfer can be altered by branch ring-barking (Dann et al. 1984). In response 

to this treatment, branches usually support increased fruit growth with reduced vegetative growth as 

shown in peach (Dann et al. 1984) and apple (Schechter et al. 1994). Branch ring-barking can also alter 

leaf characteristics by increasing leaf mass ratio and decreasing leaf Pn (Schechter et al. 1994). 

Fruit thinning is effective in managing the relationship between vegetative and reproductive growth, 

which ensures high quality and yield in fruit trees by adjusting the relationship between “sink” and 

“source” and changing the transportation and distribution of photosynthate (Morandi and 

Grappadelli,2009, Seehuber,2011). Fruit thinning has been shown successfully to overcome alternate 

bearing, increase nutrient accumulation, and prevent premature aging (Hehnen,2012). And, numerous 

researches have demonstrated that the proper fruit thinning can improve the average weight of fruit, 

improve the fruit quality and fruit commodity rate (Bussi,2005 and Serra,2016).  Meanwhile, the proper 

crop load can be conducive for improving the leaf photosynthesis (Syvertsen,2003 and Kassai,2008). 

The reasonable crop load is a crucial factor of guaranteeing the tree’s growth to gain the high yield, 

stable production and good quality (Biserka,2012 and Giedre,2016). However, the tree’s growth and its 

yield are closely related to the nutrient distribution of carbon and nitrogen. The carbon nutrition directly 

afects the growth and structure of trees, and the output and quality of fruits (Giulian,1997 and 

Goldschmidt,19990). As the essential mineral element of fruit trees, nitrogen is closely related to 

quality, particularly fruit size and color. Carbon and nitrogen metabolism are the most important 

metabolic pathways in plants, which is intimately related with each other (Wargo,2003). The nitrogen 

metabolism provides enzymes and photosynthetic pigments for the carbon metabolism. The suitable 

nitrogen nutrition effectively improves the leaf photosynthesis and the chlorophyll. The photosynthetic 

rate in per unit area increased with the increase of nitrogen content, but the assimilation rate of plants 

decreased when the nitrogen reached to a certain value (Wango,2013). 

Similarly, the aboveground growth of plants can promote the absorption of nitrogen in roots. Under 

insufcient illumination, the activity of roots is reduced, afecting the absorption of nitrogen and the 

photosynthesis of leaves (Silva,2012). Thus, coordinating the reasonable distribution of carbon and 

nitrogen in plants is of great significance to improve their dry matter production and partition .The 

objective of the article is to review the effect of fruit or crop load on dry matter production and 

portioning of crop.  

2. LITERATURE REVIEW 

2.1. Leaf Area, Chlorophyll and Photosynthetic Rate 

As Ling peng et. al, (2017) indicated that   Low-crop load treatments were significantly higher compared 

with the . High-crop load treatment, among which the Low-crop load treatment was the highest at the 

fruit maturity stage in both years (Table 1). The total nitrogen content of leaves in the Medium and 

Low-crop load larger than that of the High-crop load treatment respectively The root-shoot ratio was 

significantly affected by fruit crop load under the same nitrogen level, which gradually increased with 

fruit crop load decreasing. As Sharples (1968) studied Compared with the High-crop load treatment, 
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the root shoot ratio in Medium and Low-crop load treatments increased. The results done by Plamer 

et.al, (1997) suggested that the decline of crop load can significantly increase the leaf area, and  the total 

nitrogen content of leaves so as to improve the leaf Photosthetnic  and delay leaf senescence. 

Meanwhile, the decline of crop load can significantly increase the root-shoot ratio. Lenz (1986) reported 

significantly greater leaf areas on non fruiting than fruiting trees 

 

Fig1. Effect of fruit load on net leaf assimilation rate 

The leaf is the main organ of photosynthesis to produce the dry matter, and the chlorophyll is the main 

chemical compounds with nitrogen (Jifton,2005 and Boussodia,2010). The increasing leaf area and 

chlorophyll content in the late growth stage are propitious to improve photosynthesis and delay leaf 

senescence (Silva,2012 and Anglelis,2012). Nii (1997) suggested that increasing crop load resulted in 

a decrease in leaf area, dry mass of each unit leaf area, and an increase in chlorophyll content. Wunsche 

et al. (2005) also pointed out that increased crop load could increase chlorophyll concentration. The 

study done by Ling peng et. al, (2017) , the leaf area on Medium and Low-crop load treatments were 

significantly higher than that of High-crop load treatment , which was consistent with the above results, 

but the leaf chlorophyll content and photosynthetic rate reduced with the increase of fruit crop load . 

The reason is that the competition for the photosynthetic nutrient in the late development stage of fruit 

exists between shoots and roots, and the photosynthetic products are mainly transported to the “sink” 

organ (fruit) with the increasing crop load (Lu,2002).  

Jens and John (2000) indicated  at the early growth stage, trees with reduced crop loads must have 

partitioned proportionally larger amounts of photosynthesis into these alternative vegetative sinks, 

which in turn could utilize the extra carbohydrate.  In apple, fruiting reduced leaf weight and leaf area 

but result in greater seasonal dry matter accumulation compared to non fruiting trees, suggesting a 

greater photosynthetic efficiency (Plammer,1992) 

Thus, the roots will appear “hunger” due to the insufficient organic nutrient (Mimom and Dejong, 

2006), inhibiting the absorption of mineral nutrition and water. This phenomenon will lead to the 

decrease of the nutrient level in the leaves that might be the main cause of decrease of photosynthetic 

rate (Yeman and Shibayam,2006). In addition, as the Ling peng et. al, (2017)  studied the nutrient 

content of leaves at later growth stage showed that the total nitrogen content in the leaves with the 

Medium and Low-crop load treatments was significantly higher than that of High-crop load treatment , 

which also showed that thinning fruit could significantly improve the nitrogen content of leaves, so as 

to increase the chlorophyll content of leaves. The linear relationship between leaf photosynthesis and 

photochemical yield confirms that the reduction in photosynthesis in relation to different crop loads was 

related to a lowered photochemical efficiency (Edwards and Baker, 1993) . The results also suggest 

that, as the demand for photosynthetic was lowered, the leaves were protected fully by the increased 

capacity for thermal dissipation (Osmond, 1994).  

Table1. Effect of fruit load on starch concentration of bourse shoots leaves 

Fruit load Starch/leaf dry wt 

(Mg S-1 

Leaf mass/leaf area 

(Mg CM-1 

Starch /leaf area 

(Mg.CM-2 

High  19 10.3 0.2 

Medium  41 11.0 0.45 

Low  67 11.7 0.78 
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None 80 12.5 1.01 

LSD (0.05) 17.4 0.86 0.24 

Linear strand *** *** *** 

Table2. Effect of crop load on various fruit quality parameters  

 

2.2. Root and Shoot Growth 

As Gugliuzza et.al,(2002) studied fruit load reduced plant vigor and the rootstock infuluned the extent 

to which vegetative and root growth were inhibited but not the canopy vs root dry matter partitioning . 

Stem, trunk and root growth decrease almost linearly with crop load, while dry matter allocation 

relatively to leave to shoot ratio. As indicated by Lentz (1986) for apple trees, the cumulative effect of 

two consecutive years of heavy crop loads caused reduction of entire dry matter accumulation. Pace 

et.al., (2000) found a clear effect of cumulative crop load on dry matter accumulation in all plant 

components from leaves to root. As Jens and John (2000) indicated due to a compensatory response of 

trees with lower fruit numbers resulting in increased shoot number, shoot length and hence leaf area. 

Vigorous root stock reduced the dry matter partitioned to the peach fruit (Caruso et al.,1997) and affect 

the dry matter partitioning into above or below ground components in apple, while root restriction 

reduced canopy growth with no alteration of dry matter partitioning. 

 

Fig2. Relationship crop or fruit load on root dry matter production 

Philippe et.al.(2005) highlight on their finding that shoot growth and berry drop were mainly affected 

during the last third of the production cycle, which corresponds to the time of bean-filling (Cannell 

1985). They observed that reduced shoot growth and high branch dieback in response to high fruit load 

(Table 2). Wormer and Ebagole (1966) and Cannell (1985) associated these phenomena with the high 

carbohydrate demand of berries and the depletion of reserves, notably starch, in coffee storage organs 

(branch, stem and thick roots). Because carbohydrates were preferentially allocated to berries, to the 

detriment of young apical vegetative branch parts that determine the production level in the following 

year, the results provide a clear explanation of the strong bi-annual production pattern that has been 

observed in this highly productive cultivar (Vaast et al. 2005). 

2.3.Plant Growth and Biomass Allocation  

As Marcelis (1994) studied the increasing the number of fruits per plant strongly enhanced the biomass 

(fresh and dry weight) allocation to the fruits at the expense of the vegetative organs. Dailynon-

destructive measurements of total plant (excluding the roots) and fruit growth revealed saturation type 
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relationship between the daily dry matter distribution toward the fruits and the fruit load expressed as 

the total dry weight of fruits on a plant. The underlying principles for the increase in fruit firmness with 

decreasing crop load is not well understood but could be related to the increase of soluble solids and 

dry matter. A increase in fruit firmness and increase total dry matter with lower crop loads has also been 

reported by Opara et al. (1997) 

 

Fig3. Relationship between total dry matter and fruit load 

In accordance with Ramirezetal. (1988a) increasing the number of cucumber fruits perplant did not 

affect total plant dry weight growth but enhanced fruit growth at the expense of vegetative growth. This 

has also been found in pepper, eggplant and citrus (Hall 1977;Lenz 1979;Nielsen &Veierskov 1988). 

The increase in fruit production per plant was less than proportional to the increase in number of fruits 

retained per leaf axil, because the average growth rates of individual fruits decreased. Moreover, the 

increase in average number of fruits on a plant was less than proportional to the increase in number of 

fruits retained per leaf axil because of a decrease in leaf formation rate and an increase in fruit abortion 

rate . Starck et al. (1979) found an increase in dry-matter percentage of the stem and petioles after 

removal of flowers in tomato, but Hall & Milthorpe (1978) found no effect of fruit removal on dry-

matter percentage of leaves in pepper while the content of polysaccharides increased. As schecther 

et.al,(1994) indicated  because carbohydrates were preferentially allocated to berries, to the detriment 

of young apical vegetative branch parts that determine the production level in the following year, the 

finding provide a clear explanation of the strong bi-annual production pattern that has been observed in 

this highly productive cultivar (Vaast et al. 2005). The research done on coffee by Philipe et.al,(2005) 

indicate that there was competition for carbohydrates among berries at high fruit loads resulting in 

reduced individual berry mass and hence bean size—the most important criterion on which coffee 

quality and price are assessed. The highest individual berry mass was produced on ring-barked branches 

with 25% of the initial fruit load that had an initial minimum of 15 cm2 leaf area per berry and one of 

20 cm2 per berry at the bean-filling stage 

2.4. Growth of Individual Fruit 

As Philippe et al,(2005) indicated the average growth rate of individual fruit decreased with increasing 

number of fruits per plant .With increasing fruit number both the length and circumference of the 

harvested fruits decreased, while the ratio of length to circumference decreased (Marcelis1994) The 

dry-matter percentage of both the fruits and the vegetative plant parts decreased when the number of 

fruits increased  (Table 5) The increase in total plant fresh weight production with increasing number 

of fruits was accompanied by a decrease in the dry matter percentage of the plants, while dry matter 

production was not affected. The decrease in dry-matter percentage of both the fruits and vegetative 

parts at increasing number of fruits might indicate a decrease in the level of assimilate reserves in the 

plants. The decrease in dry-matter percentage of the fruits was also partly the result of the increased 

growing period of individual fruits, because the dry matter percentage of fruit decrease at increasing 

fruit age  

2.5. Nitrogen and Carbon Partitioning Rate 

Ling peng et. al, (2017) indicated the percentage of Nitrogen in each organ accounted for the total 

Nitrogen content in all organs reflected the distribution of nitrogen fertilizer in the trees and the 
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migration regularity in organs. As he stated Nitrogen on High-crop load treatment mainly distributed 

into the fruit at the fruit maturity stage in both years, and it was followed by roots, leaves, branches and 

other organs. Biserka, M. et al (2012) founded that with the reduction of crop load, the distribution rate 

of Nitrogen in fruits gradually decreased but it increased in the roots, leaves, annual branches and other 

organs. The results indicated that the distribution content of nitrogen, which was absorbed by the plant 

to the reproductive organs, reduced with the decrease of crop load, but its distribution to other organs 

increased, thereby increasing the storage of the tree nutrition. 

As Jens and Jons, 2000 studied the proportion of Carbon assimilates assigned to each organ is related 

to its competitive ability, which referred to the ability of absorbing Carbon from the labeled leaves in 

the active parts of metabolism and growth. It was supported by Ling peng et. al, (2017) Carbon  in high-

crop load treatment was mainly distributed in the fruits at the fruit maturity stage in both years , and 

followed by roots, leaves, branches and other organs. With the decrease of crop load, the distribution 

rate of Carbon in the fruits gradually reduced, but increased in roots, leaves, annual branches and other 

organs. The work done by Philippe et,al,2005 showed that the transportation and distribution of 

carbohydrates to the fruits decreased but the distribution to the roots, leaves, annual branches and other 

organs increased with the decrease of crop load, so as to promote the plant vegetative growth. The 

finding also supported by Ling peng et. al, (2017)  sated that the distribution rate of Carbon  and 

Nitrogen reproductive organs’ (fruits) ability of competition for Carbon and Nitrogen  was the strongest 

at the fruit maturity stage. 

However, Ling peng et. al, (2017) founded in his research the content of Carbon and Nitrogen allocating 

to the reproductive organs gradually decreased with the decline of the crop load, but the content 

allocating to the vegetative organs (annual branches and leaves) and storage organs (roots and perennial 

branches) increased, so as to promote the vegetative growth and increase the storage nutrition of the 

trees. It was also proved by Jens and Johns, 2000 the higher total nitrogen content in nutrient organs 

(annual branches and leaves) and storage organs (roots) on Medium and Low-crop load treatments than 

that of High crop load treatment. Thus, the appropriate fruit thinning reduced the consumption of carbon 

and nitrogen nutrient, promoted the current vegetative growth and also increased the reserve of carbon 

and nitrogen in the vegetative organs. This was conducive to the supply of plant’s growth in the spring 

of the next year and laid the foundation for next year’s harvest. Solomakhin and Blanke (2010) showed 

that thinning fruit could increase the mean fruit weight and improve fruit quality. Gofnet (1995) 

believed that the thinning fruit could stimulate fruit enlargement, and the increasing size of fruit was 

related to the promotion of cell division and expansion at the same time and the increasing amount and 

size of cells (Njoroge, & Reighard, 2008). However, in the production, orchard owners have focused 

on yield and ignored quality by little or no fruit thinning, thereby resulting in the decrease of the 

proportion of good quality fruits. The study done by Ling peng et. al, (2017) showed that the Medium 

and Low-crop load treatments significantly improved the fruit quality.  These results are similar to those 

previously observed (Giedre, S. et al 20016,,  Castro,  2015) showing improved apple quality in terms 

of each fruit weight, size, and frmness with a decrease in crop load of each tree (Seehuber, 2011, Giedre, 

2016 and  Schmidt,2011) . The significant increase in the rate of good quality fruit resulted in overall 

economic benefits. Economic benefits in the fruit industry were mainly determined by the cost of 

production, fruit yield and quality, as well as other determinants (Iglesias, 2008). 

3. SUMMARY AND CONCLUSION  

The fruit load has a large effect on dry matter production and partitioning. The fruit is the main organ 

of the “sink”, and there is competition for nutrients in the growth and development process. Excessive 

amount of fruits per tree decrease fruit size and quality, consume tree reserves and reduce cold 

hardiness. The high crop load of fruit trees led to the weakness of tree vigor and affected the 

development of leaves which resulted in the fruit trees’ senescence at later growth stage in additionally, 

high crop load reduced trees storage nutrition, which significantly affected the vegetative growth and 

flower bud differentiation. The proper fruit thinning can improve the average weight of fruit, improve 

the fruit quality and fruit commodity rate Meanwhile, the proper crop load can be conducive for 

improving the leaf photosynthesis leads to increased dry matter production. The decline of crop load 

can significantly increase the leaf area, and  the total nitrogen content of leaves so as to improve the 

leaf Photosthetnic  and delay leaf senescence, that increasing dry matter production and decreasing dry 

matter partitioning . The leaf chlorophyll content and photosynthetic rate reduced with the increase of 

fruit crop load. The reason is that the competition for the photosynthetic nutrient in the late development 
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stage of fruit exists between shoots and roots, and the photosynthetic products are mainly transported 

to the “sink” organ (fruit) with the increasing crop load. Stem, trunk and root growth decrease almost 

linearly with crop load ,while dry matter allocation relatively to leave to shoot ratio. The compensatory 

response of trees with lower fruit numbers resulting in increased shoot number, shoot length and hence 

leaf area that .vigorous root stock reduced the dry matter partitioned. The increase in fruit firmness with 

decreasing crop load is not well understood but could be related to the increase of soluble solids and 

dry matter. An increase in fruit firmness with lower crop loads. The decrease in dry-matter percentage 

of the fruits was also partly the result of the increased growing period of individual fruits, because the 

dry matter percentages of fruit decrease at increasing. The transportation and distribution of 

carbohydrates to the fruits decreased but the distribution to the roots, leaves, annual branches and other 

organs increased with the decrease of crop load, so as to promote the plant vegetative growth. Generally, 

from this review of literature we can conclude that controlling fruit load effectively regulated the 

distribution of assimilate for growth, development and overall life cycle of plant.  
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