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Abstract: The kiwifruit [Actinidia deliciosa (A. Chev.) C.E. Liang & A.R. Ferguson] has attained signifi-
cant importance for commercial cultivation in the mid-Himalayan region of the Indian subcontinent
during the last three decades. The fruit quality matching international standards has remained a
concern. Keeping in mind the bio-stimulatory effects of seaweed extract, a marine bioactive compo-
nent in horticultural crops, the current study conducted to elucidate the impact of seaweed extract on
kiwifruit growth, yield, and quality was conducted in the Department of Fruit Science’s kiwifruit
block at Dr. Yashwant Singh Parmar University of Horticulture and Forestry, Nauni, Himachal
Pradesh, India. For the studies, nine-year-old Allison kiwi vines of uniform size and vigor were
planted at a spacing of 4 m x 6 m. With 11 treatments, the experiment was set up in a randomized
block design viz, T1: Spray treatment of 1000 ppm (seaweed extract) SWE at fruit set (FS); T,:Spray
treatment of 2000 ppm SWE at FS; T3: Spray treatment of 3000 ppm SWE at FS; T4: Spray treatment
of 1000 ppm SWE at FS and 10 days after Fruit set (FS); Ts: Spray treatment of 2000 ppm SWE at
FS and 10 days after FS (DAFS); Tg: Spray treatment of 3000 ppm SWE at FS and 10 days after FS;
T7: Fruit dip treatment of 1000 ppm SWE at 10 days after FS; Tg: Fruit dip treatment @ 2000 ppm
SWE at 10 days after FS; Tg: Fruit dip treatment @3000 ppm SWE at 10 days after fruit set; T1: Fruit
dip treatment @ 5 ppm CPPU at 10 days after fruit set; T1;: Control. The current study compared
several seaweed extract treatments, which were applied at various times and concentrations, to
N-(2-chloro-4-pyridyl)-N-phenyl-urea (CPPU-5ppm) and untreated control. Seaweed extract (SWE)
dip at 3000 ppm 10 days after the fruit set produced significant growth in fruit length and diameter
in growing kiwifruit, which was non-significant with CPPU treatment and superior to control. The
shape index, fruit weight, and total fruit yield were also found to be the highest with the same
treatment. Fruit quality parameters, namely fruit soluble solids contents (S5C) and total sugars, were
recorded at a maximum with the SWE Spray dose of 3000 ppm at FS and 10 DAFS. The SSC: Acid
ratio and reducing sugars were recorded as the highest with an application of SWE dip at 3000 ppm
10 DAFS. The application of SWE dip at 2000 ppm 10 DAFS) was found to advance the harvesting
maturity by 6 days and also exhibited the lowest physiological loss in weight (% PLW) with the
highest ascorbic acid content. After 15 days of storage at ambient room temperature (25 &+ 2 °C), the
application of SWE dip at 3000 ppm 10 DAFS recorded the highest SSC acid ratio and the lowest

Horticulturae 2023, 9, 432. https:/ /doi.org/10.3390/horticulturae9040432

https:/ /www.mdpi.com/journal /horticulturae


https://doi.org/10.3390/horticulturae9040432
https://doi.org/10.3390/horticulturae9040432
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com
https://orcid.org/0000-0001-5185-272X
https://orcid.org/0000-0002-0826-4241
https://orcid.org/0000-0002-9633-152X
https://orcid.org/0000-0002-8509-8953
https://orcid.org/0000-0002-8910-7706
https://doi.org/10.3390/horticulturae9040432
https://www.mdpi.com/journal/horticulturae
https://www.mdpi.com/article/10.3390/horticulturae9040432?type=check_update&version=1

Horticulturae 2023, 9, 432

2 of 14

titratable acidity. Thus, the application of seaweed extract dip at 3000 ppm 10 days after the fruit set
can be recommended to the farmers as an appropriate alternative to the chemical treatment.

Keywords: growth; fruiting; maturity; physiological weight loss; quality production; red algae

1. Introduction

The kiwifruit belongs to the genus Actinidia and the family Actinidiaceae and is
indigenous to China’s Yangtze River valley. It is a vigorously growing, woody perennial
fruiting vine with scrambling qualities [1]. The kiwifruit is a distinct and appealing fruit.
The fruit is egg-shaped, with a dark brown fuzzy exterior and pale green flesh that is semi-
translucent. The fruit has a distinctly sweet flavor and scent. Kiwifruit has a flavor that is
similar to a blend of strawberry, rhubarb, and gooseberry. Because of the various nutrients
included in it, kiwifruit is a nutritionally packed fruit. Vitamin C, E, fiber, carbohydrates,
and minerals including calcium, phosphorus, and potassium are all abundant in it [2].
Allison is a prolific bearer and the most promising kiwifruit cultivar in Himachal Pradesh,
out of a range of varieties [3]. However, this cultivar has a proclivity for overbearing, which
results in small, low-quality fruits. Poor fruit size and quality are the most significant
bottlenecks in the commercialization of kiwifruit in India [4]. As a result, our farmers do
not receive a fair price for their produce. Fruit size in kiwifruit is affected by several factors,
including variety, pollination, leaf-fruit ratio, crop load, irrigation, nutrition, and canopy
management. Plant growth regulators are essential for managing various plant growth and
developmental processes [5].

Plant growth regulators, on the other hand, are a very effective method of raising crop
production and productivity by promoting fruit growth [6]. They have a direct impact on
both the quantitative and qualitative elements of fruit development. CPPU [N-(2-chloro-4-
pyridyl)-N-phenylurea] one of the most significant growth regulators with cytokinin-like
action is commercially used in kiwifruit [7]. Fruits, which are frequently consumed raw,
are more susceptible to chemical contamination owing to residual toxicity than grains and
pulses [8]. Organic fruit cultivation gained in popularity as a result of customer demand
and farmers [4]. Organic farming is becoming increasingly popular among farmers due
to its numerous advantages. Organic farming produces healthy crops with a long-term
output and is becoming more popular in the market as a result of its superior quality and
lack of chemical toxicity [9]. Organic farming has immediate benefits for farmers and may
be performed commercially in the kiwifruit industry [10].

Seaweed extract is useful in sustainable agriculture since it is organic and biodegrad-
able. Seaweed products have become increasingly popular in organic farming [11]. Other
than trace minerals, vitamins, amino acids, antibiotics, and micronutrients, its extract in-
cludes growth-promoting hormones such as auxins, gibberellins, cytokinins, ethylene, and
polyamines. At low concentrations, seaweed extracts can induce a variety of physiological
plant responses, including increased plant growth, improved blooming and production,
and improved nutritional content and shelf life of fruits. These have become popular as
biostimulants for a variety of fruits, vegetables, flowers, and grasses production [12-14].
This beneficial effect of seaweed extract on plant development is similar to the action
of phytohormones found in it. Multiple growth regulators have been found in seaweed
extracts, including cytokinins, auxins, and gibberellins [15]. The foliar spray of seaweed
extract is a common method to increase yield in many commercial crops [16]. The foliar
application of mineral nutrients offers a quicker method of supplying nutrients to higher
plants than other soil application methods [17].

The effect of seaweed extract application on the growth, productivity, and quality of
kiwifruit is currently unknown. Whereas, to our knowledge, this is the first study in India
to investigate the impact of seaweed extract on kiwifruit development and quality. Keeping
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the above facts in consideration, the proposed study was undertaken to investigate the
effect of seaweed extract on fruit growth, yield, and quality of kiwifruit.

2. Materials and Methods
2.1. Study Area and Plant Materials

The experiment was laid out in the Department of Fruit Science, Dr. YS Parmar
University of Horticulture and Forestry Nauni, Solan (HP) during 2018-2020 which is
situated at 30.86° N and 77.16° E latitude. The experimental field is located in Himachal
Pradesh’s sub-temperate, sub-humid, and mid-hills agro-climatic zones (Zone-II). The
typical annual rainfall in the study region is between 100 and 130 cm, with most of it
falling between July and September. The soil texture in the plowed layer (0 to 20 cm)
was determined to be sandy loam. The physico-chemical properties of orchard soil were
reported as pH 6.75, electrical conductivity 0.15 dS m~!, and organic carbon 0.82% before
the experiment began. The available N, P, and K in surface soil were 260.55, 38.00, and
258.35 kg ha~!, respectively. For the experiment, kiwifruit vines of the cultivar ‘Allison’
were carefully selected and planted in 2009, T-bar trained, with rows oriented north-south
at a spacing of 4.0 m x 6.0 m (416 vines ha~!), the female: male ratio was 9:1.

2.2. Experimental Design

During the experiment, the plants were treated with uniform cultural practices. The
experiment was laid out in randomized block design (RBD) with three replicas. In each
treatment, four vines were selected (44 vines). We marked the four shoots in all directions
for analysis purposes. The experiment consisted of 11 treatments: (1) T;: Spray treatment
of 1000 ppm (Seaweed Extract) SWE at fruit set (FS); (2) T,: Spray treatment of 2000 ppm
SWE at FS; (3) T3: Spray treatment of 3000 ppm SWE at FS; (4) T4: Spray treatment of
1000 ppm SWE at FS and 10 days after FS; (5) Ts: Spray treatment of 2000 ppm SWE at FS
and 10 days after FS; (6) T¢: Spray treatment of 3000 ppm SWE at FS and 10 days after FS;
(7) T7: Fruit dip treatment of 1000 ppm SWE at 10 days after FS; (8) Tg: Fruit dip treatment
@ 2000 ppm SWE at 10 days after FS; (9) To: Fruit dip treatment @3000 ppm SWE at 10 days
after fruit set; (10) T1o:Fruit dip treatment @ 5 ppm CPPU at 10 days after fruit set; (11) Tq;:
Control (untreated). The fruits of selected shoots were dipped and sprayed and 10 random
fruits from each vine were selected.

2.3. Solution Preparation

As a source of seaweed extract, the company Sea6 Energy Pvt. Ltd. (Banglore, India)
employed ‘Agrogain,” a patented biostimulant. It is a 100% natural macroalgal extract
that works with Tarma-Spurttm, a cutting-edge technology helping plants in producing
maximum yield. This is a processed macro-algal extract of 21% w/w min, natural acidity
regulator, stabilizer, and aqueous diluent of 79% w/w prepared from red algae. However, it
contains 80% water, and its dry weight basis contains 50% carbohydrates, 1-3% lipids, and
7-38% minerals. Their protein contents are highly variable (10-47%) with high proportions
of essential amino acids variable concentrations of 1000 ppm, 2000 ppm, and 3000 ppm
seaweed extract solutions were prepared. The 5 ppm CPPU solution was made immediately
by dissolving 5 mL (sitofex) in one liter of water. During May, seaweed extract was sprayed
on fruit bunches during the fruit set and 10 days after the fruit set. The 1000 ppm, 2000 ppm,
3000 ppm SWE, and 5 ppm CPPU fruit dip treatments were applied. The treatments were
performed on clear, calm mornings to properly moisten the fruit. The quick dip method of
dipping was used for each fruit at given intervals. The spraying was conducted with the
help of a knapsack sprayer and one liter was used for each vine. The spraying of water was
also the same (1 L).

2.4. Pattern of Fruit Growth

Fruit growth was recorded in terms of fruit length and diameter at 15-day intervals
from 15 days after fruit set to the date of harvest. Ten fruits were marked on each vine to
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record the data. Fruit length and diameter of all marked fruits were measured periodically
with Digital Vernier calipers (Mitutoyo, Japan) and expressed in mm. The values of fruit
length and diameter were plotted on the graph to determine the phases of growth [8,16].
The phenological data of the flowering is given in Table 1.

Table 1. Phenological data of flowering.

Date of Initiation Date of Full Bloom Duration of
Tre(:;ltl:ilent Treatment Details of Flowering Flowering

ode 2018-19 2019-20 2018-19 2019-20 2018-19 2019-20
Tq 1000 ppm SWE spray at FS 25/04 01/05 28/04 04/05 10 11
T, 2000 ppm SWE spray at FS 24/04 28/04 27/04 01/05 09 11
T3 3000 ppm SWE spray at FS 26/04 02/05 30/04 06/05 11 10
Ty 1000 ppm SWE spray at FS and 10 DAFS 25/04 04/05 28/04 09/05 10 10
Ts 2000 ppm SWE spray at FS and 10 DAFS 23/04 03/05 27/04 06/05 09 10
Te 3000 ppm SWE spray at FS and 10 DAFS 26/04 30/04 30/04 05/05 09 10
Ty 1000 ppm SWE dip at 10 DAFS 24/04 29/04 26/04 03/05 11 08
Ts 2000 ppm SWE dip at 10 DAFS 26/04 01/05 29/04 06/05 11 09
To 3000 ppm SWE dip at 10 DAFS 26/04 04/05 28/04 06/05 11 09
T10 5 ppm CPPU dip at 10 DAFS 27/04  03/05  30/04 06/05 10 10
T11 Control (Untreated) 23/04 30/04 26/04 08/05 09 10

Physiological loss in weight (PLW) % =

2.5. Yield and Physical Parameters

The fruits were harvested during mid-October at the commercial harvest stage and
adjudged by attaining a soluble solids content of 6.2%. The yield was expressed in
terms of kg/vine and kg/ha. The grade-wise fruit yield was determined by categoriz-
ing the harvested fruits into 3 grades based on fruit weight. These grades were A grade
(>80 g), B grade (50-80 g), and C grade (<50 g). Ten fruits were randomly picked from each
vine under different replications of treatments, and the average fruit length and diameter
were measured using a digital vernier caliper. The length and diameter of the fruit were
measured in centimeters (cm). The L/D ratio was computed by dividing the length of the
fruit by the diameter of the fruit. Similarly, ten fruits from each tree were chosen at random
from separate replications of treatments, and the average fruit weight was calculated using
physical balancing. The weight of the typical fruit was measured in grams (g).

2.6. Fruit Chemical Parameters

The total soluble solids of 10 randomly selected fruits were determined using an Erma-
hand refractometer (0-32° Brix). The soluble solids contents were expressed in percent. The
titratable acidity was estimated by the standard method as described Association of Official
Analytical Collaboration [18]. The sugar to acid ratio was calculated by dividing SSC (%)
with titratable acidity (%). Lane and Eynon’s volumetric method was employed to estimate
reducing sugar content, while the ascorbic acid (Vitamin C) was determined by using the
AOAC [18] method. The fruits treated with different treatments were subjected to 15 days
of storage at ambient temperature (25 £ 2 °C) and were analyzed for SSC, titratable acidity,
and SSC: acid ratio with the above-mentioned methods.

2.7. Physiological Loss in Weight (PLW)

On the days of the fruit harvest, the weight of the fruits was measured using physical
balance. After 15 days, the fruits were weighed again, and physiological loss was calculated
by the formula:

Loss in weight [Initial weight (gm) — final weight (gm)]
Initial fruit weight at harvest

x 100
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2.8. Economic Analysis

By comparing the net benefit of various treatments to that of the control, the economic
viability of various treatments was determined. The current price of kiwifruit per grade,
ie,“A” grade @ 2.66 US § per kg, “B” grade @ 2.00 US $ per kg, and “C” grade @ 1.33 US $
per kg, was used for this purpose. The cost of each treatment was estimated by considering
the chemical cost, as well as other management expenditures such as labor, manure and
fertilizers, irrigation, and pruning, which were all the same and hence were not included in
the cost calculation. By deducting the total cost from the net return per vine, the percent
increase in net benefit above the control was computed.

2.9. Statistical Analysis

The recorded data were run using MS-Excel and SPS5-21 software (SPSS, Chicago, IL,
USA) as per the design of the experiment. Analysis of Variance was statistically determined
according to the procedure for analysis of Randomized Block Design (RBD).

3. Results
3.1. Impact of Seaweed Extract on the Pattern of Fruit Growth

A detailed study was carried out to elucidate the effect of seaweed extract on the
pattern of fruit growth in terms of fruit length and diameter in kiwifruit starting from
15 days after fruit set until harvest. Figures 1 and 2 show data on the pattern of fruit
growth in terms of fruit length and diameter of growing kiwifruit. There are three stages to
this double sigmoidal growth curve of kiwifruit development. From fruit set to 75 days
following the fruit set, the stage-I of fruit growth was labeled by a fast rise in kiwifruit fruit
length and diameter. After that, the fruits went through a period of moderate growth in
terms of length, known as stage II, which lasted 45 days. After stage II, the fruit entered
stage III, where the length of the fruit increased linearly to 180 days after the fruit set. The
increase in fruit diameter was continuous (Figure 2), and uniform, and the highest fruit
diameter was measured in fruits treated with CPPU @ 5 ppm 10 DAFS. However, among all
the seaweed extract treatments, the application of SWE dip @ 2000 ppm 10 DAFS recorded
the maximum fruit diameter.

3.2. Impact of Seaweed Extract on the Fruit Yield Parameters of Kiwifruit

The data on the effect of seaweed extract on the total fruit yield of kiwifruit are
presented in Table 2. It is evident from the results that different seaweed extract treatments
had significant effects on the total fruit yield /vine as compared to the control. The highest
fruit yield /vine, total fruit yield/ha, the yield of ‘A’ grade, and the percent increase in
fruit yield over control were recorded with the application of CPPU @ 5 ppm 10 DAFS
(Table 2). The fruits treated with SWE spray @ 3000 ppm at FS and 10 DAFS gave the
highest yield of ‘B’ grade fruits. The proportion of ‘C’ grade fruits was observed to be the
highest in untreated fruits. Applications of seaweed extract exhibited significant differences
in fruit length and fruit diameter of kiwifruit. Among different seaweed extract treatments,
the highest fruit length was recorded with SWE dip @ 3000 ppm 10 DAFS. However, the
highest fruit diameter was in SWE dip @ 2000 ppm 10 DAFS which showed non-significant
differences with other seaweed extract treatments. Our results revealed that the application
of seaweed extract did not exhibit any significant difference in the shape index of kiwifruit.
The highest L/D ratio was observed with the application of CPPU dip @ 5 ppm 10 DAFS.
The results in the present investigation indicated that the application of seaweed extract
had increased the kiwifruit size significantly over control but less from the CPPU and SWE
dip @ 3000 ppm 10 DAFS was found as effective as CPPU dip @ 5 ppm 10 DAFFB. It is
clear from the data that the average fruit weight was significantly increased with different
treatments of seaweed extract over control (Table 2).
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Figure 1. Impact of seaweed extract on the fruit growth pattern of kiwifruit in terms of length. SWE
*—Seaweed extract, FS **—fruit set, DAFS ***—days after fruit set.
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Figure 2. Impact of seaweed extract on the fruit growth pattern of kiwifruit in terms of diameter.
SWE *—Seaweed extract, FS **—fruit set, DAFS ***—days after fruit set.
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Table 2. Effect of seaweed extract on total fruit yield in kiwifruit.

Fruit
Yield T/ha Graded Yield Shape Index Weight
Cod Treatment Total ("/‘oInC‘rease (g/Fruit)
ode Details (kg/Vine)  in Yield Fruit Fruit
over A B C Length Diameter  L/D Ratio
1
Control) (kg) (kg) (kg) (cm) (cm)
1000 ppm SWE 1046 g
T1 spray at FS 2515 gh (1.9) 453 h 8.94 fg 11.68 b 598 ¢ 4.10 ef 1.45 52.06 h
2000 ppm SWE 11.03 £ 16.70
T> spray at FS 26.53 fg (7.49) 513h be 470e 6.29 ef 4.13 def 1.52 58.10 f
3000 ppm SWE 12.55d
T3 spray at FS 30.10d (22.32) 8.04 f 17.06b  5.09 cd 6.09 fg 4.07 1.50 5529 ¢g
1000 ppm SWE 11.36 of
Ty spray at FS and 27.39 ef (1'0 65) 697g 1570d  4.64ef 6.42 de 4.30 bed 1.49 61.66 e
10 DAFS ’
2000 ppm SWE 1171 e
Ts spray at FS and 28.14 e (14 05) 717g 15.63d 535¢ 6.54 cd 4.26 cde 1.49 63.75 de
10 DAFS ’
3000 ppm SWE 13.08 ¢
Te spray at FS and 31.45cd (2% 13) 936e 1875a 334g 6.35 de 4.26 cde 153 64.57 d
10 DAFS '
1000 ppm SWE 13.06 c 15.90
T7 dip at 10 DAFS 31.40 cd (27.22) 10.60 d od 4.90 de 6.55 cd 4.29 bed 1.52 62.66 de
2000 ppm SWE 13.52 bc
Ts dip at 10 DAFS 32.50 be (31.68) 16.67¢c 1147e 4.36 f 6.70 ¢ 4.45 ab 1.50 75.50 ¢
3000 ppm SWE 13.86 b
Ty dip at 10 DAFS 33.03b (35.01) 19.11b 9.55 f 4.66 ef 7.05b 4.41bc 1.59 80.66 b
5 ppm CPPU 1475a
T1o dip at10 DAFS 35.46 a (43.67) 2591 a 6.04 h 351¢g 741a 4.63a 1.60 84.50 a
Control . '
T (Untreated) 24.68 h 1026 g 2521 859¢g 13.57 a 573h 4.05f 1.40 47.77 i
Significance X% X% X% X% X% X% bt NS 3%

Different letters within each column indicate significant differences according to Tukey’s HSD test. NS, non-
significant; *** significant differences Tukey’s HSD test at p < 0.05. Data are given as mean.

Overall, the highest average fruit weight was with vines treated with CPPU dip @
5 ppm 10 DAFS as compared to all treated vines.

3.3. Effect of Seaweed Extract on Chemical Properties of Kiwifruit

A perusal of the data presented in Table 3 revealed that the seaweed extract treatments
had significant effects on the chemical properties of kiwifruit at harvest and the storage
of 15 days. The highest SSC was obtained with vine treated with SWE spray @ 3000 ppm
at FS and 10 DAFS. On the contrary, the vine treated with SWE dip @ 3000 ppm 10 DAFS
recorded the lowest titratable acidity. However, the control exhibited the highest titratable
acidity. The SSC acid ratio of fruits as affected by different seaweed extract treatments
revealed that the highest SSC acid ratio was observed with fruits subjected to vine treated
with SWE dip @ 3000 ppm 10 DAFS. Table 3 shows the results of the study on the influence
of seaweed extract on the sugar content of kiwifruit. Fruits subjected to vine treatment
with SWE dip @ 3000 ppm 10 DAFS had the greatest total sugars and reducing sugars
content. The results showed that the seaweed extract treatment did not affect the kiwifruit
non-reducing sugars.

The fruits were tested for SSC and titratable acidity after 15 days. The data revealed
that among all the treatments, the application of CPPU dip @ 5 ppm at 10 DAFS recorded
the highest SSC content which was significantly superior to all other treatments. The results
also showed that the application of SWE dip in 3000 ppm 10 DAFS had the lowest titratable
acidity. However, the highest titratable acidity was observed in the control. The data
on the SSC acid ratio of fruits as affected by different seaweed extract treatments after
15 days of storage at ambient temperature revealed that the highest SSC acid ratio was
obtained in fruits subject to vine treated with SWE dip @ 3000 ppm at 10 DAFS. The present
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investigation revealed that the increase in SSC content and decrease in titratable acidity of
seaweed extract-treated fruits was less than control and CPPU-treated fruits during storage.

Table 3. Effect of seaweed extract on chemical characteristics of kiwifruit.

SSC TA

o o SSC: Acid Ratio Sugars Content (%)
(%) (%)
Code Treatment N e 100
etails . on- m g
A A Ar A Ar A Total Reducing ¢ ducing
(%) (%) 0
T 1000ppm SWE = 43 65cq 1610 y3p  0ssd  904f  1823c  996de 7.86d 199 77.25d
spray at FS b
T 2000 ppm SWE 11.72d 1640 426c  08le  930ef  2028ab  10.07de 812cd 1.85 78.67 cd
spray at FS b
T 3000 ppm SWE 1223 ¢ 16.20 1.25¢ 0.88 d 9.87d 18.28 ¢ 10.31 cd 8.25¢ 1.95 79.15 bed
spray at FS b
1000 ppm SWE
Ty spray at FS and 11.9 cd 15.20 ¢ 1.24 cd 0.95 ¢ 9.59 de 16.01e 10.16 cde 7.95cd 2.10 80.64 abc
10 DAFS
2000 ppm SWE 121
Ts spray at FS and 12.81b 15.17 ¢ d 0.94 ¢ 10.58 ¢ 16.08 e 10.29 cd 8.18 cd 1.99 81.31 abc
10 DAFS cae
3000 ppm SWE 16.19
Te spray at FS and 13.37 a b 113 fg 0.79 e 11.87a 20.60 a 1121a 9.15a 2.16 81.82 ab
10 DAFS
T, é?goa{’%“D%g 1296ab  '97°  Li8def 081e  112b  1964b  1055bc 833 ¢ 211 80.62 abc
2000 ppm SWE 16.30
Ts dip at 10 DAFS 12.68 b o 116efg  08le  1097bc  2005ab  10.84ab 8.75b 1.99 82.82a
T i?goaf%“])%g 13.05 ab 16]‘310 112g  078e  1194a  2042ab  1126a 9244 1.93 81.18 abe
Tio > psgocgggsdip 1199cd  1759a  127bc  1.02b  947de  1731d  10.06de 8.04cd 191 80.41 abc
Tu (Ui(t’rrgf; 4 11.74d 16]'363 l4a 113a  843g 1472 9.77 ¢ 744 e 222 78.88 bed
Signiﬁcance HAA A *%% %% *%H HAA A HAK NS A
SSC: Soluble solids content, TA: Titratable acidity; AA: Ascorbic acid; Aj: at Harvest Ay: At 15 days of storage
at ambient room Temperature. Different letters within each column indicate significant differences according to
Tukey’s HSD test. NS, non-significant; *** significant differences parameters indicated by Tukey’s HSD test at
p < 0.05. Data are given as mean.
3.4. Effect of Seaweed Extract on the Harvest Maturity
Table 4 shows the results on the influence of several treatments of seaweed extract
on the days from full bloom to harvest maturity. Untreated fruits had the highest DFFB
required to reach harvesting ripeness. The lowest DFFB to reach harvesting maturity was
obtained with CPPU-treated fruits, which hastened maturity by 8 days above control. The
most effective seaweed extract therapy was determined to be the administration of SWE
spray @ 3000 ppm at FS and 10 DAFS, which have provided an earliness kiwifruit maturity
by 6 days. The findings of this study demonstrated that the seaweed extract improves
harvest maturity by 6 days earlier when compared to the control group. The treatment with
CPPU dip @ 5 ppm 10 DAFS, resulted in the greatest advancement in harvesting maturity.
Table 4. Effect of seaweed extract on the net benefit of kiwifruit.
* Net Benefit
. . Physiological Loss in (US $.)
Code Treatment Details Harvest Maturity Weight Percent Increase in Net
Benefit over the Control
T 1000 ppm SWE spray at FS 195.00 a 9.89 be 4(%3576)}‘
5317 g
T2 2000 ppm SWE spray at FS 192.00 ab 9.53 ¢ (26.86)
61.81e
T3 3000 ppm SWE spray at FS 190.00 abc 8.97d (47.48)
1000 ppm SWE spray at FS 55.96 fg
Ty 0 DATS 194.00 ab 8.32e (33.51)
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Table 4. Cont.
* Net Benefit
. . Physiological Loss in (US $.)
Code Treatment Details Harvest Maturity Weight Percent Increase in Net
Benefit over the Control
2000 ppm SWE spray at FS 57.19 £
Ts and 10 DAFS 193.00 ab 8.09 ef (36.46)
3000 ppm SWE spray at FS 66.49 d
Te D 0 DATS 189.00 be 7.68 f (58.62)
Ty 1000 ppm SWE dip at 10 DAFS 193.00 ab 693 ¢g ?g;é;;l
Ts 2000 ppm SWE dip at 10 DAFS 191.00 abe 658 g (7724919 s
To 3000 ppm SWE dip at 10 DAFS 190.00 abc 679 ?86&1 41;
. 8524 a
T1o 5 ppm CPPU dip at10 DAFS 186.00 ¢ 12.36 a (103.37)
T Control (Untreated) 195.00 a 10.32b 41911
Significance ok ok i

* Net benefit = gross return — chemical cost-labor cost) (Rs.). Different letters within each column indicate
significant differences according to Tukey’s HSD test. NS, non-significant; *** significant differences parameters
indicated by Tukey’s HSD test at p < 0.05. Data are given as mean.

3.5. Effect of Seaweed Extract on Physiological Weight Loss (PLW)

The effects of different treatments on the percent physiological loss in weight of fruits
after 15 days of storage at room temperature (25 =+ 2 °C) (Table 4). With the application of
CPPU dip @ 5 ppm 10 DAFS, the highest physiological loss in weight (PLW) was found.
Vine treated with SWE @ 2000 ppm 10 DAFS was determined to be the most successful of
all the seaweed extract treatments, with the lowest PLW when compared to the control and
CPPU-treated fruits.

3.6. Effect of Seaweed Extract on Economic Analysis

The kiwifruit treated with CPPU @ 5 ppm 10 DAFS had the highest net benefit
according to the economic analysis used to determine the economic variability of different
treatments (Table 4). SWE dip @ 3000 ppm 10 DAFS had the maximum net benefit among
seaweed extract-treated fruits. The results on the effect of seaweed extract on the percent
increase in net benefit over control indicated that among seaweed extract treatments,
kiwifruit treated with SWE dip @ 3000 ppm 10 DAFS over control had the highest increase
of 81.34% in net benefit over control. However, the application of CPPU @ 5 ppm 10 DAFS
exhibited the highest (103.37%) percent of net benefit over control.

4. Discussion

Our study provides more robust results than those previously carried out since our
research predicted that the seaweed extract exhibited positive responses in the growth
stages of the kiwifruit by extending the fruit shelf life. Rana and Rana [3] also reported
that kiwifruit exhibited a double sigmoid growth curve, characterized by rapid growth for
75 days (stage I), a period of slow growth for 15 days (stage II), and a period of enhanced
growth for 90 days (stage III). An investigation by Hayat [19] on kiwifruit cvs. Allison and
Hayward revealed that the kiwifruit exhibited a characteristic double sigmoidal growth
curve and observed a significant increase in fruit size till 75 days after full bloom (stage-I),
reduced fruit size growth till 120 days after full bloom (stage II), and linear increase in
size till 195 days after full bloom (stage-III). In the present investigation, it was revealed
that the applications of seaweed extract have increased the fruit length as compared to
untreated fruits but the increase in fruit length was lesser than CPPU-treated fruits. Rana
et al. [8] reported that the seaweed extract contains cytokinins and gibberellins which are
responsible for the regulation of cell division and cell elongation in plants. The enhancement
of cytokinin in the CPPU and SWE-treated fruits might have increased the number of cells
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by increasing cell division. The seaweed extract has also been reported to increase the fruit
length of grapes [16,20].

The present study on the pattern of fruit growth in terms of fruit diameter at a 15-day
interval revealed that an increase in fruit diameter did not exhibit a double sigmoidal
growth pattern which is supported by the findings of Jao et al. [21] who also reported that
the time course changes during fruit development in five cultivars of kiwifruit namely;
Abbott, Bruno, Hayward, Monty, and Greensil do not follow double sigmoid growth curve
in terms of fruit diameter. The enhancement in fruit diameter by the seaweed extract
applications may be attributed to the fact that seaweed extract contains cytokinins which
are responsible for the regulation of cell division in plants. The application of seaweed
extract might have increased the cytokinin level of fruits, especially when applied at the
initial phase of cell division, causing increased cell numbers which ultimately resulted in
increased fruit diameter [22]. In this way, a synergetic effect exhibited by the mixture of
cytokinin and gibberellins might have imparted its additional contribution towards cell
division and cell elongation.

The present investigation envisaged that the seaweed extract improved the total fruit
yield over control, graded yield, and percent proportion. It was noted that the fruit dip
application of seaweed extract had shown better fruit yield than the foliar application. This
may be attributed to the fact that kiwifruit is the hairy and foliar application of seaweed
extract may not have resulted in better absorption of the extract as compared to the direct
dipping of fruit when compared to CPPU. Similarly, the increment in total fruit yield may
be attributed to the fact that the exogenous application of seaweed extract which contains
plant growth regulators such as cytokinin, auxins, gibberellins, and mineral nutrients might
have resulted in a higher photo-assimilate supply to the fruits [7]. Similar results on the
increment in yield by the application of seaweed extract were also reported by Hameedawi
and Malikshah [23] in Figures 1 and 2 Pawar and Rana [24] reported that the mixture of
gibberellins and cytokinin induced synergistic effects in increasing fruit size. Thus, the
improvement in fruit grade might be the result of cell division and cell elongation caused
by the exogenous cytokinin and gibberellins present in seaweed extract.

The application of seaweed extract enhanced fruit length and fruit diameter which
might be due to the presence of growth regulators which influence cell division and elonga-
tion during the early stages of fruit growth. Similar observations on the increase in fruit
size due to seaweed extract application were found by Norrie and Keathley [25] in grapes
and Khan et al. [16] in grapes. The use of seaweed extract considerably raised average fruit
weight when compared to the control group in this research. The presence of plant growth
regulators such as cytokinins, auxins, and gibberellins in seaweed extract might explain
the rise in average fruit weight. Cytokinin as a growth regulator is linked to nutrient
partitioning with the application of CPPU [24]. The increased availability of cytokinin
caused by the application of CPPU may have resulted in a larger concentration of photo-
assimilates, increasing fruit weight [7]. Photosynthesis and chlorophyll production might
be another factor contributing to increased fruit weight by increasing the concentration of
photo-assimilates [16].

The current study’s findings revealed that seaweed extract treatments had a substantial
impact on kiwifruit SSC. Miniawy et al. [26] found that treating strawberries with seaweed
extract at a concentration of 2 mL/L enhanced the total soluble solids. According to
Khan et al. [16], spraying seaweed extract over grapes at various stages of development
boosted the total soluble solids content. Seaweed extract is made up of a variety of
micronutrients that have a role in the creation of proteins, amino acids, carbohydrates,
and other compounds. When seaweed extract was administered as a foliar treatment,
the micronutrients were absorbed by the leaves, possibly leading to an increase in photo-
assimilate production. Increased total soluble solids content came from photo-assimilates
transported to the sink (fruit) via the phloem. Micronutrients, on the other hand, have a
catalytic effect that improves macronutrient absorption in plant tissues, leading to improved
fruit quality by boosting SSC content [3]. The use of seaweed extract at various stages of
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fruit development reduced the titratable acidity of the juice substantially. Lower acidity
in fruits might be owing to increased sugar buildup, improved sugar delivery into fruit
tissues, and the conversion of organic acids to sugars [27]. Another possible cause for
limiting the titratable acidity was suggested: fast acid consumption of organic acid in
respiration. After applying seaweed extract to grapes, Ismail et al. [28] found a reduction in
titratable acidity. The SSC acid ratio in kiwifruit was shown to be considerably increased by
seaweed extract in this study. The enzymes found in seaweed extract may be responsible
for the rise in the SSC acid ratio [16]. Similarly, Ismail et al. [28] found that adding seaweed
extract to ‘Roomy Red” and ‘“Thompson seedless’ grapes increased the SSC acidity ratios.
Seaweed extract considerably enhanced the SSC acid ratio in strawberries, according to
Miniawy et al. [26].

The results showed that the seaweed extract treatment did not affect the kiwifruit
non-reducing sugars. The greatest levels of non-reducing carbohydrates were seen in the
control group. The application of seaweed extract to kiwifruit had a significant effect on
total sugars and lowering sugars, according to this study. According to Hameedawi and
Malikshah [23], applying seaweed extract to plants raised the quantity of chlorophyll in
the leaves, perhaps increasing the rate of photosynthesis. The rise in total sugars and
reducing sugars might be attributed to a faster rate of photosynthesis, which could have
resulted in more carbohydrate buildup in fruits. In datepalm (Phoenix dactylifera L.) cv.
Sukary. Omar, et al. [29] found that seaweed extract produced higher reducing sugars
and total sugars than potassium nitrate. Similarly, Roshdy [30] found that using 0.05%
seaweed extract boosted overall sugar levels in the Grandnaine banana cultivar. Table 3
shows the ascorbic acid concentration of kiwifruit as a function of the amount of seaweed
extract applied. The vine treated with SWE dip @ 2000 ppm 10 DAFS had the maximum
ascorbic acid concentration, according to the results. The concentration of ascorbic acid in
kiwifruit was shown to be dramatically raised by seaweed extract in this study. Seaweed
extract includes betaine, which slows the breakdown of chlorophyll and increases the
chlorophyll content of treated plants. The increase in chlorophyll concentration might have
resulted in a faster rate of photosynthesis and, as a result, more photo-assimilates being
produced. The increase in ascorbic acid concentration might be due to a greater supply
of photo-assimilates, which provides more substrate for ascorbic acid production. The
findings of Abd El-Motty et al. [31] in the ‘Keitte’ mango, observed a significant increase
in ascorbic acid content over control with a 2% spray of seaweed extract. Enzymes found
in seaweed extract boosted the rate of ascorbic acid generation in grapes, according to
Khan et al. [16].

The present investigation revealed that the increase in SSC content and decrease in
titratable acidity of seaweed extract-treated fruits was less than control and CPPU-treated
fruits during storage. The maintenance of SSC might be due to the reduction in the
degradation of total sugars present in fruits during storage. Soppelsa et al. [27] reported
the positive effect of seaweed extract on the maintenance of total soluble solids in apples
during storage. The decrease in titratable acidity might be due to the presence of some
micronutrients in seaweed extract which might have resulted in the respiration of organic
acid stored in cells and the formation of salts of malic acid. Melo et al. [32] reported similar
results in Tommy Atkins cv. of mango. According to Patterson et al. [33], CPPU-treated
fruits attained commercial harvest maturity one week before untreated fruits. Because
seaweed extract improved the pace of fruit growth, starch accumulated in the fruits at an
earlier stage of development. Because of the early buildup of starch in the fruits, treated
kiwifruit reached an SSC content of 6.5% earlier than untreated kiwifruit. Seaweed extract
treatment enhanced kiwifruit maturity by one week [3]. Fornes et al. [34] discovered that
increasing the concentration of seaweed extract accelerates the maturity of Satsuma and
Clementina mandarins by 5-7 days.

The current study’s findings clearly showed that seaweed extract extended the shelf
life of kiwifruit cv. Allison. Fruits treated with seaweed extract had a longer shelf life than
fruits treated with CPPU or untreated fruits. Colla et al. [12] found that in addition seaweed
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extract to fruits increased the amount of calcium in the fruit. Calcium is recognized to have
an important function in cell wall stability. Seaweed extract also contains micronutrients
such as zinc and silicon, which, when combined with calcium, strengthen the cell wall
structure, possibly resulting in less fruit mass loss and the preservation of kiwifruit physic-
ochemical parameters [34]. Norrie and Keathley [25] discovered that the fruits treated with
seaweed extract in grape cv. Thompson tasted better. Seedless performed better in storage
than untreated ones. Seaweed extract also decreased PLW and fruit degradation in oranges,
according to Omar et al. [24]. According to Melo et al. [32], seaweed extract can be utilized
as a substitute for mango preservation.

5. Conclusions

The focus of this research was to determine the efficacy of seaweed extract treatments
as an organic alternative to CPPU treatments for improving kiwifruit fruit development,
production, and quality. The findings of this study demonstrated that the application
of seaweed extract altered the double sigmoidal growth curve of kiwifruit during fruit
development. The treatment with SWE at the rate of 3000 ppm 10 DAFS was determined
to be the best. For all biochemical parameters such as SSC, titratable acidity, sugars, and
ascorbic acid, the treatment SWE dip at the rate of 3000 ppm 10 DAFS was determined to
be superior to CPPU-treated fruits. When compared to the control, the seaweed extract-
treated fruits were harvested 36 days earlier. CPPU-treated fruits, on the other hand, were
8 days ahead of control in terms of harvesting ripeness. Furthermore, the fruits treated with
seaweed extract behaved better during storage, with the lowest percentage of physiological
weight loss and a superior SSC acid ratio. The post-harvest life of CPPU-treated fruits was
shown to be lower than that of seaweed extract-treated fruits, resulting in shorter shelf
life for kiwifruit. However, CPPU treatment had the maximum net benefit over control
(103.04%), followed by SWE drop at the rate of 3000 ppm 10 DAFS, which had an 81.35% net
benefit over control. As a result, growers might be advised to apply a seaweed extract dip
at the rate of 3000 ppm 10 days after fruit set as a viable alternative to chemical treatment.
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