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Abstract.
BACKGROUND: Late-season foliar application of mineral nutrients is a strategy to achieve higher flower quality, acceptable
fruit set and yield in the following spring. However, these treatments may affect current fruit quality and storability.
OBJECTIVES: This study was conducted to consider the effects of different late-season mineral foliar treatments on
postharvest quality of kiwifruit that was presented on vines at the time of foliar application.
METHODS: Mineral foliar treatments were included urea (0.25%, 0.5% and 1%), zinc sulfate (1000, 1500 and 2000 mg.l–1)
and boric acid (500, 1000 and 1500 mg.l–1) alone and combined treatments with urea (0.25%) + H3BO3 (500 mg.l–1) + ZnSO4

(1000 mg.l–1); urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); urea (1%) + H3BO3 (1500 mg.l–1) + ZnSO4

(2000 mg.l–1) and control group (only water). To determine the best foliar application time in late-season, spraying was done
at three different times including September 17, October 7 and October 28 and the fruits postharvest traits were analyzed at
harvest time and 90 days after storage.
RESULTS: In this study, foliar applications of mineral compounds was not shown any negative effect on the fruits quality
parameters, but also in some of these treatments positive effect of foliar application were detected on measured parameters.
The best performance of foliar application on visible parameters was observed on September 17. Meanwhile, the soluble
solids and titratable acidity content was not affected at harvest and after storage time by foliar treatment. Results of this study
indicate that dry matter, color indices, and phenol levels were not affected by experimental treatments after storage time. In
general, October 7 was indicated as the best spraying time regards into ascorbic acid content and antioxidant activity.
CONCLUSION: Based on our findings, mineral foliar application can improve appearance characteristics, and nutritional
value of kiwifruit that presented on vines at the foliar application time, on September 17 and October 7, respectively.
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1. Introduction

Initial growth of deciduous fruit trees in spring is supported by remobilization of accumulated nutrients from
the previous growing season [13]. Late-season foliar application is considered as an approach to provide sufficient
reserve of mineral elements required for plant growth in the following growth season [22]. It has been indicated
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that most of the nitrogen (N) from fall N fertilization on Hayward kiwifruit vines was partitioned in the perennial
organs and used in the next spring. However, to avoid excessive N uptake by the fruit and early softening,
caution should be considered by growers and suitable concentrations and time of application must be selected
in late-season N applications [57].

The fruit postharvest quality is highly dependent on preharvest factors. So, to achieve a higher fruit quality
and yield, it is necessary to optimize preharvest conditions [5]. Among preharvest factors, plant nutrition is a
challenging issue, since excessive or unbalanced fertilizer application have been shown to have negative effects
on fruit quality [39], and storage properties [58].

Literature to date suggests that N which is a primary constituent of proteins, and is one of the most important
elements in the kiwifruit mineral nutrition [39]. Adequate levels of N can increase kiwifruit size [60], however,
fruit firmness at harvest and storage time can be negatively affected by excessive amount of N in kiwifruit [26].
Moreover, lower dry matter content, titratable acidity, total phenol, vitamin C and antioxidant activity is found in
kiwifruit grown under higher rates of N [29, 32, 60]. N levels also have been associated with increasing soluble
solids content at harvest time [7]. However, some other findings suggest that N fertilization rates are not involved
in soluble solids content of kiwifruit at harvest and storage time [14].

In addition, micro-nutrients such as zinc (Zn) and boron (B) are considered as a necessery components for dif-
ferent biological functions that may affect tree yield and fruit quality [51]. B and Zn foliar application significantly
improved fruit quality in ‘Zard olive [58]. Higher mean fruit weight, size, length, diameter, firmness, soluble
solids concentration and titratable acidity was found in pear trees treated by boric acid foliar applications [49].

The main purpose of late-season foliar application of mineral nutrients is improving carbohydrate and mineral
storage content in order to achieve a higher quality and quantity of flower and fruit in the next spring season.
However, there is a paucity of information related to the effect of late-season foliar application on the postharvest
quality of kiwifruit that are presented in kiwifruit vines at the time of foliar application. Therefore, the main
objective of the present study was to determine the effect of different late-season foliar treatments of mineral
compounds on kiwifruit’s postharvest characteristics that were presented on vines at the foliar application time.

2. Material and methods

2.1. Plant materials and experimental design

This research was carried out at a commercial orchard in the north of Iran (Vajargah, Guilan with latitude
37◦02’N; longitude 50◦39’E). The mean annual rainfall and temperature was 1147 mm and 15.7◦C, respectively.
This study was conducted on sixty-three uniform vines of 8-years old with 4 × 5 m space, 1:8 male to female
ratio, trained on a T-Bar support system with “Tomori” as pollinizer.

Factorial experiment with seven fertilizer types and tree times of spraying are designed in the randomized
complete block design. In order to investigate the effect of different late-season foliar application solutions on
kiwifruit quality at harvest and at the end of storage time, the following seven foliar application treatments were
applied:

F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.l–1); F4: Urea (0.25%) + H3BO3
(500 mg.l–1) + ZnSO4 (1000 mg.l–1); F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6:
Urea (1%) + H3BO3 (1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7: Control. To determine the best foliar application
time, spraying was done in early morning at September 17, October 7, and October 28 in 2015 and 2016.

2.2. Fruit harvest and postharvest practices

Fruits of treated and untreated (control) vines were harvested when soluble solids content (SSC) reached
6.2–6.5◦Brix. Some harvested fruits were immediately transferred to the laboratory for harvest time analysis
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and the other fruits were stored at 0.5◦C with 90–95% relative humidity conditions for 90 days to evaluate
fruits storage characteristics. 10 individual kiwifruits from each replicates were used to determine fruit quality
at harvest and after 90 days storage.

2.3. Characterization of fruit quality

2.3.1. Weight, firmness and dry matter content
The weight of five fruits from each replicates were measured to the nearest 0. 01 g. Flesh firmness was

determined by a hand-held penetrometer (Effegi, model FTO11, Milan, Italy) fitted with an 8 mm tip after skin
removal to a vertical depth of 1 mm on both sides of the fruit [18].

Fruits were sliced and portioned from the equator zone of each fruit (including skin, flesh, seeds and core
tissues). These portions weight determined before and after oven-dried (70◦C for 72 hours) for calculating dry
matter.

2.3.2. Soluble solids content (SSC) and titratable acidity (TA)
SSC was measured by hand-held refractometer (ATC-1E ATAGO, Japan) using the juice extracted when

measuring flesh firmness [19]. To determine titratable acidity, 5 ml of juice from each of the five fruits was mixed
with 25 ml of distilled water. Two droplets of phenolphthalein (1%) as a color indicator were added and titrated
with 0.1 N NaOH to an endpoint pink (pH 8.2). The results were expressed as percentage of anhydrous citric
acid, because of its dominancy in kiwifruit [18].

2.3.3. Color values and total chlorophyll content
Fruit flesh color was measured using a chromo meter CR-400 (Minolta, Japan). Lightness of color, the intensity

of a particular color, and perception of color to the human eye were determined by L*, C*, and h◦ color parameters
[50].

The chlorophyll content of the fruits was extracted based on Hiscox and Israelstam [50] using dimethyl
sulphoxide (DMSO) solvent. Briefly, one hundred milligram of leaf tissue was placed in test tube containing
7 ml DMSO and incubated at 65◦C for 20 min. The extracted liquid was transferred to another clean tube and the
volume made up to a total of 10 ml with DMSO. 200 �l of extracted chlorophyll was transferred to a microplate
and absorbance was read in an Epoch Microplatle Spectrophotometer (Bio Tek, USA) at 663 and 645 nm against
DMSO blank for chlorophyll a and b, respectively. Total chlorophyll (a + b) concentration was determined using
the following equation: Total Chlorophyll (g.l-1) = 0.0202 (A645) + 0.00802 (A663) [6]. The total chlorophyll
concentration of the extract was calculated from this equation and then was converted to mg.g-1 fresh weight
(FW).

2.3.4. Total phenolic compound, antioxidant capacity and ascorbic acid
Total phenolic content was determined via the colorimetric method using Folin-Ciocalteau reagent according

to Singleton and Rossi [52] with some modification. 200 �l of methanolic extract (i.e. 1 mg of fruit tissue in
10 ml of 80% methanol) was mixed with 2.6 ml of deionized water. 200 �l of Folin-Ciocalteu’s phenol reagent
was added to the mixture. After 6 min, 2.0 ml of 7% (w.v–1) Na2CO3 solution was added to the reaction mixture.
Then, the mixture leaved for 60 min at room temperature in a dark place. Absorbance was read at 750 nm
using T-60 UV/VIS spectrophotometer (PG Instruments Ltd, UK). Standard curve was made for gallic acid
(y = 0.0146x-0.0216, R² = 0.9953), and the content of total phenolic in the samples were expressed as mg gallic
acid equivalents (GAE).100 g-1 fresh weight (FW) of kiwifruit.

Antioxidant activity was measured using DPPH free radical scavenging assay, as described previously by
Brand-Williams et al. [10] with some modification. The reaction mixture consisted of 40 �l of methanolic
extract and 3 ml of 1 mM DPPH radical solution. Finally, the initial absorbance of control (methanol and DPPH)
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and samples were measured using T-60 UV/VIS spectrophotometer (PG Instruments Ltd, UK) at 515 nm. The
percent of inhibition was calculated using the following formula:

Percent of inhibition (%) = [(A515 of control–A515 of sample)/A515 of control] × 100.
Concentration of ascorbic acid of kiwifruit was obtained according to the Pearson method [41], using a T-60

UV/VIS spectrophotometer (PG Instruments Ltd, UK) with some modification. The method relies on oxidation
of ascorbic acid with 2.6 dichlorphenol-indolphenol. The content of ascorbic acid in samples was calculated
using ascorbic acid standard curve (y = 0.001x+0.007, R² = 0.969).

2.3.5. Weight loss
Three individual kiwifruits from each replicate were weighted at the harvest time and 90 days after storage.

The weight loss was determined based on following equation [50]:
Percentage weight loss: [(weight at beginning – weight at each sampling time)/weight at beginning] × 100

2.3.6. Statistical analysis
The collected data were subjected to the analysis of variance using the General Linear Models (GLM) procedure

of SAS (version 9.1, SAS Institute, Cary, NC, USA) and means were compared using LSD test at the P ≤ 0.05
level.

3. Results and discussion

3.1. Fruit weight

The results showed that, foliar application of kiwifruit vines with different fertilizers increased fruit weight
compared to control plants. The highest fruit weight was found at the vines treated with urea 1 + B 1500 +
Zn 2000 on September 17. However, this amount was not significantly different to other foliar experimental
treatments on September 17 and urea 0.5 + B 1000 + Zn 1500 and urea 1 + B 1500 + Zn 2000 treatments on
October 7 and 28. Between all experimental times, control vines at all foliar application times and B 1000 on
October 28 represented the lowest kiwifruit weights (Fig. 1).

It is clear from fruit weight changes that foliar application on September 17 positively increased fruit weights in
all experimental groups. Proper rates of N fertilization can stimulate kiwifruit weight increase [14]. The increase
in kiwifruit growth by N balanced levels might be attributed to N role as a major building block of proteins,
polyamines, and nucleic acids, and its role in chlorophyll synthesis, improving photosynthesis efficiency of
matured leaves and carbohydrate metabolism [34–43]. On the other hand, the positive effect of B and Zn
micronutrients on fruit size as a result of foliar application was reported in peach trees [63]. Fruit size increase is
likely associated with auxin level increase which is due to Zn role as a precursor of auxin and B effect on reducing
IAA oxidase [1, 42]. The other possible reasons for fruit weight enhancement with B and Zn foliar application
can be due to their involvement in cell division, cell elongation, carbohydrates metabolism and proteins synthesis
[17, 56]. In general, increase in kiwifruit weight by foliar application on September 17 could be attributed to
the longer distance of this time to fruit harvest in comparison to the other application times. It seems foliar
application at this time allows the fruit to complete their growth curve at a higher rate, since fruit has sufficient
time to use assimilates and nutritious elements compared to the other foliar application times.

3.2. Fruit firmness

Foliar application with combined treatments of urea 1 + B 1500 + Zn 2000 and urea 0.5 + B 1000 + Zn 1500
on September 17 led to significant improvement in kiwifruit flesh firmness at harvesting time. However, at the
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Fig. 1. Effect of foliar application type (F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.L-1); F4: Urea (0.25%) +
H3BO3 (500 mg.L-1) + ZnSO4 (1000 mg.L-1); F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6: Urea (1%) + H3BO3

(1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7: (control) and time (T1: September 17, T2: October 7, T3: October 28) on kiwifruit weight at
harvest time. Data were presented as a mean value of the two years.

end of the storage time, the highest flesh firmness at urea 1 + B 1500 + Zn 2000 treatment was not significantly
different with other foliar treated vine except urea 0.25 + B 500 + Zn 1000 on September 17 (Fig. 2).

The significant improve in fruit firmness in this study was in agreement with foliar application of ZnSO4 and
H3BO3 in peach fruit which application of these fertilizer significantly improve fruit firmness [63]. It might be
related to B critical role in cell wall structure as pectic networks stabilizer, cell wall pore size regulator, and
cell membrane structures integration [8], and/or Zn induction role in structural maintenance and function of
membrane [35]. Although moderate rates of N foliar application and suitable application time had no side effect
on fruit firmness [53], excessive amount of nitrogen reduce fruit firmness via vegetative growth induction, and
developing shading of plants. Hence, calcium uptake is limited and the N/Ca ratio increased [37]. Since calcium
plays a significant role in maintaining fruit quality, decrease in calcium content in kiwifruit can induce fruit
softening [47].

3.3. Soluble solids content (SSC), Dry matter content (DMC), and titratable acidity (TA)

Different type and time of fertilization had no significant effect on fruit SSC and TA content at harvest and the
end of storage time (data not shown). Foliar application of urea 1 + B 1500 + Zn 2000 and urea 0.5 + B 1000 +
Zn 1500 combined fertilizers on September 17 increased significantly kiwifruit DMC at harvest time (Table 1),
whereas there were no significant effect found in DMC between all treatments (fertilizers and times) at the end
of storage time (data not shown).

Although the values of SSC and TA were not affected by experimental foliar treatments in this study, Zn and B
application can increase SCC in fruits [16–48]. The effect of Zn on SSC can be due to its role in carbohydrate and
nucleic acid metabolism, and also to the activities of various enzyme involved in these biochemical reaction [3],
whereas the effect of B can be associated to its roles in the transportation of sugar and carbohydrate metabolism
[35] that might be the reason to increase of SSC. Decreasing in carbohydrate synthesis was reported in association
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Fig. 2. Effect of foliar application type (F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.L-1); F4: Urea (0.25%) +
H3BO3 (500 mg.L-1) + ZnSO4 (1000 mg.L-1); F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6: Urea (1%) + H3BO3

(1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7: (control) and time (T1: September 17, T2: October 7, T3: October 28) on kiwifruit flesh firmness
at harvest and after three month storage time. Data were presented as a mean value of the two years.

with higher N uptake [36–38]. However, application of suitable N compound can increase fruit SSC [7]. In addition
to SSC, fruit TA also was positively or negatively affected by application of ZnSO4 and H3BO3 in strawberry
and blackcurrant, mango, guava, and pomegranate [1, 15, 27, 40, 48]. There are few reports of N fertilization
effects on kiwifruit acidity. Similar to our results, no significant effect on fruit TA was detected when kiwifruit
vines fertilized with various levels of N [39, 59, 60].

It has already been determined that high levels of N fertilization resulted in higher absorption of water and
lower DMC [54] but optimum concentration of N compounds increased carbohydrate production and enhanced
fruit DMC [62]. On the other hand, B can play a positive role in facilitating sugars transport through the formation
of B-sugar complexes, and also increase leaf photosynthesis rate via its role on physiological processes [61].
Moreover, Zn effect on increasing fruit fresh and dry weight might be back to the role of enzymes participating
in carbohydrate metabolism [9]. The lack of significant increase in SSC, TA and DMC levels is likely due to
spraying mineral nutrients in our study was not great enough to increase these parameters.
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Table 1

Effect of foliar application type (F) and time (T) on kiwifruit dry matter concentration, total phenolic

content and color parameters (L*, C* and h◦) at harvest time. Data were presented as a mean value of the

two years

Fertilizers Times Dry matter (%) Phenol L* C* h◦

(mg GAE/

100 g FW)

F1 T1 15.56b−d 72.89ab 53.90g−i 42.65a−e 110.39a

T2 14.78d 66.97e−g 54.30f−h 43.12a−c 110.33a

T3 13.08e−h 66.27d−g 53.02i 43.21a−c 110.32a

F2 T1 15.89a−c 71.42a−f 55.68a−e 41.79e−g 109.65b−d

T2 14.78d 72.79a−c 56.36ab 43.09a−c 110.06a−c

T3 13.69e−g 70.69a−f 54.53e−h 42.83a−d 110.36a

F3 T1 15.37cd 73.55a 53.81g−i 42.76a−d 110.38a

T2 12.93gh 67.88b−g 56.20a−c 42.49b−f 109.53c−e

T3 13.85ef 67.69c−g 55.99a−d 41.60fg 109.72bc

F4 T1 15.60bc 72.30a−d 55.30a−f 41.64fg 108.97ef

T2 13.59e−g 70.10a−g 55.59a−e 42.29c−f 110.07a−c

T3 13.04gh 66.48fg 55.20b−f 43.11a−c 109.73bc

F5 T1 16.21ab 73.22a 53.69hi 42.81a−d 110.19ab

T2 15.49b−d 67.92b−g 55.51a−f 42.40b−f 110.41a

T3 13.61e−g 66.51fg 54.76e−h 41.72e−g 109.67b−d

F6 T1 16.58a 74.78a 56.55a 43.53a 110.32a

T2 15.58b−d 72.27a−d 53.60hi 43.27ab 110.00a−c

T3 13.96e 71.81a−e 53.00i 41.33g 108.78f

F7 T1 12.91gh 65.08g 55.50a−f 42.38b−f 109.60cd

T2 13.59e−g 66.36gf 54.99c−g 41.55fg 109.63b−d

T3 13.90e 66.33fg 55.60e−h 41.92d−g 109.14d−f

Significance

F ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

T ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

F × T ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.l-1); F4: Urea (0.25%) + H3BO3 (500 mg.l-1) +

ZnSO4 (1000 mg.l–1); F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6: Urea (1%) + H3BO3

(1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7: control. T1: September 17, T2: October 7, T3: October 28. Different

letters within a column indicate significant differences by LSD test. *, ** and NS are significant at p ≤ 0.05, at

p ≤ 0.01 and not significant, respectively.

3.4. Color indices and chlorophyll pigment content

The highest amount of all L*, C* and h◦ indices at harvest time was found in the vines treated with urea
1 + B 1500 + Zn 2000 on September 17 (Table 1). However, these indices after 90 days storage were not
significantly affected in regards to type and time of foliar application (data not shown). In this study chlorophyll
concentration was statistically significant among vines treated with different foliar fertilizers (Table 2). The
highest total chlorophyll content at harvest time was found in urea 1 + B 1500 + Zn 2000 treatment on September
17 followed by Zn 1500 and B 1000 on September 17 and urea 1 + B 1500 + Zn 2000 on October 7. At the end
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Table 2

Effect of foliar application type (F) and time (T) on kiwifruit total chlorophyll content, antioxidant activity and ascorbic acid content at

harvest time and after three month storage time. Data were presented as a mean value of the two years

Fertilizers Times Chlorophyll Antioxidant activity Ascorbic acid

(mg.100g–1FW) (%DPPH) (mg.100 g–1FW)

Harvest After storage Harvest After storage Harvest After storage

F1 T1 1.64b−d 0.81fg 49.23f 29.82fg 71.67d−g 53.25g

T2 1.43fg 0.86d−f 63.10a 43.50b 86.91a 66.93bc

T3 1.44fg 0.89c−e 53.33c−f 36.79c−e 72.09d−f 43.92i

F2 T1 1. 7ab 0.95a−c 51.52ef 23.76hi 75.09de 45.54hi

T2 1.25j 0.73h−c 63.81a 34.50c−f 82.04a−c 63.37b−d

T3 1.31hi 0.69h−i 54.01b−f 37.05cd 66.46f−i 41.43i

F3 T1 1.77a 0.97ab 52.65de 24.06h 58.14kl 56.40e−g

T2 1.34g−i 0.76hg 64.08a 51.96a 86.92a 62.27bc

T3 1.63c−d 0.93a−d 51.30ef 26.09gh 64.96h−k 63.63b−d

F4 T1 1.09j 0.74h−i 59.85b−e 36.15c−e 64.80h−k 58.21d−g

T2 1.30hi 0.84ef 58.44a−d 36.15c−e 84.50ab 63.37b−d

T3 1.35g−i 0.94b−d 53.54c−f 37.82c 64.96h−k 61.16c−f

F5 T1 1.66bc 0.94a−c 49.57f 32.67c−f 59.49j−l 44.20i

T2 1.47ef 0.70h−i 59.89ab 54.47a 83.77ab 68.65ab

T3 1.36gh 0.81fg 54.50b−f 33.84c−f 76.00c−e 61.92b−e

F6 T1 1.78a 1.00a 59.66ab 37.48c 76.80c−e 41.94i

T2 1.68a−c 1.00a 64.12a 56.79a 87.00a 73.93a

T3 1.52ef 0.96a−c 55.85b−e 34.56c−f 77.83b−e 56.47e−g

F7 T1 1.55de 0.65j 49.48f 18.37i 78.34b−d 38.88i

T2 1.59c−e 0.67ji 41.83g 29.75fg 71.27e−h 55.75e−g

T3 1.07j 0.63j 58.98b−f 31.75d−f 53.51l 54.50fg

Significance

F ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

T ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

F × T ∗∗ ∗∗ ∗∗ ∗∗ ∗∗ ∗∗

F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.l–1); F4: Urea (0.25%) + H3BO3 (500 mg.l–1) + ZnSO4 (1000 mg.l–1);

F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6: Urea (1%) + H3BO3 (1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7:

control. T1: September 17, T2: October 7, T3: October 28. Different letters within a column indicate significant differences by LSD test.

*, ** and NS are significant at p ≤ 0.05, at p ≤ 0.01 and not significant, respectively.

of storage period, the total chlorophyll concentration in urea 1 + B 1500 + Zn 2000 foliar treatment at all three
times application, urea 0.5 + B 1000 + Zn 1500, Zn 1500 and B 1000 on September 17 was significantly higher
than other interactions. However control vines had the lowest total chlorophyll concentration at both harvest and
after storage time (Table 2).

It is well established that fruit appearance and color are distinctive features in acceptance and rejection of
fruit in consumer point of view and market price [50]. In kiwifruit the higher color indices is equal to the
greater postharvest quality [4, 24]. In addition, micro fertilizers application severely postpone fruit ripening,
and consequently fruit color indices after prolonged storage remain higher than control fruits [40]. Considering
our findings, foliar application of different macro and micro nutrients at late-season time didn’t show any
changes on fruit color indices after storage time. It seems changes in fruit color components could be related to
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nonenzymatic reactions, and the decomposition of chlorophyll and other pigments [50]. However, the kiwifruit
green color which is originated from chlorophyll pigments considered as an important visible quality parameter
related to marketing success [31]. It seems the mechanism behind chlorophyll increase in this study is due to Zn
role in porphobilonogen formation, a precursor for the formation of chlorophyll [45]. Furthermore, degradation
of chlorophyll was apparently postponed with H3BO3 application. It is likely to be associated with the inhibition
of ethylene synthesis and reduction of abscisic acid content [23]. Moreover, the increase of chlorophyll in
association with raising N amount was reported before, since N play a key role in chlorophyll structure [34].
Cheng and Fuchigami [13] also noticed that total Rubisco activity increased linearly with N content. Therefore,
it could be concluded that mineral nutrients application can increase the chlorophyll concentration in kiwifruit.

3.5. Total phenolic compound, antioxidant activity and ascorbic acid levels

At harvest time, fruits of vines that treated with urea 1 + B 1500 + Zn 2000 on September 17 had the highest
values of total phenol, but the difference was not significant with many other foliar treatments (Table 1). At the
end of storage time fruit total phenol did not show any significant differences among experimental groups (data
not shown). However, kiwifruit antioxidant activity and ascorbic acid levels at harvest and after 90 days storage
were significantly affected by interaction of foliar application type and time. In all experimental foliar treatments
the highest levels of kiwifruit antioxidant activity at harvest time were observed on October 7 in comparison to
control fruits. Nevertheless, at the end of storage time, urea 1 + B 1500 + Zn 2000, Zn 1500, and urea 0.5 + B
1000 + Zn 1500 on October 7 represent higher content of kiwifruit antioxidant activity (Table 2). In similar to
antioxidant activity, all foliar applications on October 7 led to higher ascorbic acid concentration at harvest time.
After three months storage period, the highest ascorbic concentration accumulated in fruits of vines treated by
urea 1 + B 1500 + Zn 2000 on October 7, however, this amount was not significantly different to urea 0.5 + B
1000 + Zn 1500 treatment (Table 2).

In contrast to our finding, B and Zn foliar application increased total phenolic content in olive and grape
berries [46, 55]. It is may be due to expression of the genes that mediated in phenolic compounds biosynthesis
up regulated by B and Zn application. In addition, B role has been reported before in the metabolism of phenolic
compounds [33]. The consistent phenol level in our kiwifruits from different foliar applications may be related
to times, and levels of application.

The influences of mineral nutrient such as Zn and B on antioxidant activity were reported before through
increasing phenol level [15, 55]. On the other hand, mineral foliar application (N, Zn and B) can increase
carbohydrate concentration in plants, and it seems the excess amount of carbohydrates are used for antioxidants
biosynthesis [10, 43, 44].

Our results are in agreement with Latocha [30], which expressed that the ascorbic acid level was not constant
and could be affected by growing conditions, such as fertilization. Ascorbic acid in plants is synthesized from
sugars which are supplied through photosynthesis [32]. So, the possible role of mineral nutrients (N, Zn and B)
on photosyntate accumulation could participate in increasing ascorbic acid levels. On the other hand, increase
in ascorbic acid content might be due to catalytic activity of Zn and B on its bio-synthesis from its precursor
(glucose-6-phosphate) or inhibition of its conversation into dehydro ascorbic acid by enzyme ascorbic acid
oxidation or both [48].

3.6. Weight loss

Compared to the control group, a significant reduction in kiwifruit weight loss at the end of storage time was
found in all foliar treatments on September 17 and October 7 with the exception of urea 0.25 + B 500 + Zn 1000
(Fig. 3).

The role of Zn and B in reducing weight loss has been reported in guava and mango previously [21, 28].
The lower weight loss of fruits can be related to the role of B and Zn in the structure of the cell wall and
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Fig. 3. Effect of foliar application type F1: Urea (0. 5%); F2: H3BO3 (1000 mg.l–1); F3: ZnSO4 (1500 mg.L-1); F4: Urea (0.25%) +
H3BO3 (500 mg.L-1) + ZnSO4 (1000 mg.L-1); F5: Urea (0. 5%) + H3BO3 (1000 mg.l–1) + ZnSO4 (1500 mg.l–1); F6: Urea (1%) + H3BO3

(1500 mg.l–1) + ZnSO4 (2000 mg.l–1); F7: (control) and time (T1: September 17, T2: October 7, T3: October 28) on kiwifruit weight loss
after three month storage. Data were presented as a mean value of the two years.

maintaining membrane integrity [8, 35]. B in association with membrane constituents plays an important role
in maintenance of structural integrity of plasma membrane [11]. Also, the presence of B in the cell wall as a
borate diol diester, which cross-links two chains of rhamnogalacturonan II (RG-II), suggesting that B plays an
important role in cross-linked pectic network to regulate the mechanical and biochemical properties of the cell
wall [20]. In addition, the contribution of Zn in membrane integrity maintenance is due to its interaction with
phospholipids and sulphydryl groups of membrane proteins [12].

4. Conclusion

It is well established that late-season foliar application of mineral elements can improve mineral and carbo-
hydrate reserves and improving flowering, fruit set and yield in the next growing season. Foliar application on
October 28 increased kiwifruit vines carbohydrate and mineral reserves (Authors unpublished data). In addition,
foliar application at this time did not show any negative effect on kiwifruit postharvest quality. Therefore, it
could be concluded that October 28 is an excellent time for foliar application to increase vine reserves with-
out negative effect on kiwifruits quality. On the other hand, the majority of postharvest traits was positively
affected by late-season foliar application, particularly on September 17 and October 7. Fruit weight, and firm-
ness increase and reduction in weight loss are considered as important visible quality parameters which effects
on kiwifruit market success. The current study findings suggest that September 17 is the effective time for foliar
application to improve these visible quality parameters. While, October 7 was determined as an appropriate
application time to increase fruits nutritional value. Hence, if the goal of late season foliar application is to only
improve the postharvest characteristics of fruits (appearance or nutritional value), one of these two times is highly
recommended.
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