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Abstract: Present study aimed to evaluate the production potential of cape gooseberry (Physalis peruviana L.) in
sodic soil (pH 8.56) under varying plant spacing and soil fertility levels. The spacing treatments were S;-75 x 60 cm,
S,-75 x 75 cm and S3-90 x 75 cm, while native soil fertility was manipulated through the application of NPK fertilizers
i.e. Fo-control (no NPK fertilizers), F; - 60:40:40, F, - 80:60:60, and F3- 100:80:80 kg NPK ha™. Two year’s data from
the study revealed that spacing and NPK treatment had significant effect on vegetative growth and fruit yield during
both the years. Closest spacing (75 x 60 cm) resulted tallest plants (103.41 and 100.35 cm) and maximum fruit yield
(86.69 and 83.56 q ha™), but this treatment was statistically at par with 75 x 75 cm spacing. Widest spacing (90 x
75cm) resulted maximum number of branches (34.14 and 32.49 plant™), number of leaves (167.31 and162.70 plant®) and
average fruit weight (9.26 and 9.18 g), but was statistically at par with 75 x 75 cm spacing. Amongst the fertilizer
treatments, application of NPK @100:80:80 kg ha™ resulted maximum plant height (114.88 and 11.65 cm), number
of branches (35.78 and 34.82 plant™), number of leaves (174.82 and 172.55 plant™), fruit weight (9.62 and 9.57 g)
and fruit yield (101.08 and 98.08 g ha™). Biochemical quality of fruits (TSS, ascorbic acid, acidity, and reducing,
non-reducing and total sugars) was increased due to increased fertility level and recorded maximum with the appli-
cation of 100:80:80 kg NPK ha™. These findings will be helpful in exploring cape gooseberry cultivation in sodic soils
(pH 8.56) through suitable agronomic manipulations in plant spacing and soil fertility levels.
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INTRODUCTION 3.2% fibre, 0.6% mineral matter and 49 mg ascorbic
. . .. acid per 100g edible portion of fruit (Khan and Giew
The genusPhysalis of the family Solanaceae consists 1955). The fruits are one of the potential sourges

of quick growing short duration herbaceous annsal a2 min A (2380 I.U.) (CSIR, 1969) and pectin 0.9%
well as short perennials shrub; originating fromrtNo (Majumdar and Bose 1979)_'

and South America, Asia and Europe (Crawford, |, racent R
. - . i past, the cape gooseberry is gaining riiapoe
2004). Several species Bhysalis have edible fruit. A iy several countries including India (Trincheebal.,

species WhiCh bears superior quality fruits an.d has1999; Fischeset al., 2011). The economical potential
become widely known as cape goosebeRy&alis o cane gooseberry as fruit crop is being realided
peruviana L.) that has been spread by explorers andtO its quick growing in nature, high productivity,
travelers worldwide, but it is still considered ackyard non-perennial occupation of land (Praghdl., 1985).

fruit in most areas. It is native to Peru and Chile Because of wide adoptability to varying soil corutis

(Legge, 1974); although the name ‘Cape gooseberrywithOut much care (Morton, 1987); the caj
) J 4 , ; pe goosgber
was derived from the ‘Cape of Good Hope’ of South i, jtself more acceptable in marginal landseiths

Africa (K'"?ac’ 1986). The crop is reportedly cuitfed in monocrop or in mixed cropping with other fruit tsee
Sou_th Alrica, Kenya, '”d'a!- Egypt, N_ew Zealan(_j, the The available normal soils while however under the
Carlbk_J_ean,_South East Asia, California, Columbiel an . isvation of major crops in most of the regioseme
Hawa|_| (Klinac, 1986; Chattopgdhyay, 1996). The pingy crops such as cape gooseberry has vitah@&r t
attractive golden colour berry (fruit) of cape gefosrry cultivation in marginal lands in view of horizontal

are eaten fresh and_ “S_e‘?' for preparation ‘Of e>n_1e||e increase in fruit production, also their inclusiarcrop
quality of jam for which it is also called the "Jafruit ;o sification for sustainable agriculture.

of Ind_ia’ (Majumdar, 1979). Edible portior} of berry Apart from genetic potential of the crop, the gnogvi
contains 11.5% carbohydrates, 1.8% protein, 0.2% fa oyironment (viz. soil conditions, cultural praets)
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have profound effects plant growth and yield. Soil available phosphors 17.86 kg~hand available potas-
salinity as one of the biggest problems affectsuabo sium 229.34 kg ha
one-third of irrigated land in the world (Menggtlal., Experimental design and treatments. The experiment
2001). Its extent throughout the world is incregsin was conducted during two consecutive cropping
regularly (Schwabeet al., 2006), which has now seasons during year 2004-05 and 2005-06 and laid ou
become a very serious problem for crop productionin Spit Plot Design with four replications, wherein
with adverse effects on germination, plant vigond a main plot was assigned with spacing treatments and
crop yield (Munns and Tester, 2008). In the Indian sub-plot with soil fertility levels. The spacingétments
context, salt affected soils occupy about 6.73iomll  were S - 75 x 60 cm, $- 75 X 75 cm and-S 90 x 75
ha area (Sharma and Gupta, 2010). Selection afodmit cm. Soil fertility treatments were constituted by
crops is one of the considerations for successfyd ¢ manipulating the major plant nutrients (nitrogen,
cultivation under soil salinity conditions. Accongito  phosphorus and potassium) of soil through the g
Morton (1987) cape gooseberry is fairly adaptablat of NPK fertilizers at varying levels i.e; F control (no
wide variety of soil conditions. According to Mirda  NPK fertilizers), i - 60:40:40 kg NPK Ha F; -
et al., (2010), cape gooseberry is often grown in salt80:60:60 kg NPK hdand R - 100:80:80 NPK kg ha
affected soils in Columbia. While so far solanasiou Plant material and crop management: Cape gooseberry
vegetables concern, those are close affinitiveajoec  genotype S-101 (Suttind Seeds Pvt. Ltd, New Delhi)
gooseberry, these crops respond well to appliditizers was used in this study. For two consecutive year’s
in terms of yield and quality. Further, plant spacor experiments, seeds of cape gooseberry were sown in
plant population per unit area may have decisie ro semi-control polyhouse during mid of July 2004 and
with regards to optimum growth of plant and fruit 2005. Twenty six days old seedlings of uniform vigo
yield. Ayala (1992) indicated that the plantingecte  and size were transplanted as per the spacingneats
of Physalis ixocarpa is of the greatest significance for during second week of August. The size of individua
high yield. According to Mortom (1987) cape goosepe plots was 9.0 x 3.0 m. The source for nitrogensphorus
is said to succeed wherever tomatoes grown. Howevemand potassium fertilizers was urea (N 46%), single
while for other close affinities of cape goosebdey.  super phosphate (16%,®) and murate of potash
tomatoes and egg plant, capsicum), a lot of inféiona  (60% K,O). One-third nitrogen and full amount of
and practical recommendations are exit, but teealilre ~ phosphorus and potassium were applied during last
sources for cape gooseberry are very scant. Growingreparation of experimental soil. Remaining qusntit
consumer demand for this unique fruit, it is sjugra  of nitrogen was divided into two equal parts angd to
need for increased information on cultural techegju dressed at 45 and 75 days after transplanting.rOthe
for cape gooseberry; more particularly in problem cultural operations including irrigation, weedingc e
soils. This work aims to investigate the production were similar for all the treatments.
potential of cape gooseberry $odic soils of Eastern  Data collection and analysis; Five plants were randomly
Uttar Pradesh (India) under varying levels of planttaken from two center lines in each plot for redogd
spacing and soil fertility levels. the data on plant height, number of branches part pl
and number of leaves per plant and average value of
MATERIALSAND METHODS each parameter was worked out. Plant height and@um
Site characteristics: The study was conducted at main of branches were measured/ counted at the end of
experimental station of the Department of Hortigtdt ~ cropping cycle (last round of fruit harvest) while
Narendra Deva University of Agriculture and Techggl number of leaves produced on the plant was counted
Kumarganj, Faizabad (latitude 26°4Y, longitude 85°  periodically and cumulated for total number of leav
12 E, 113m elevation). The location falls under Indo- per plant. Twenty fruits were taken for measuringtf
Gangatic plains of Eastern Uttar Pradesh, Indids Th weight and volume. Fruit weight was recorded wité t
site is characterized by sub-humid and sub-tropicalhelp of physical balance while volume of fruits
climate observing mean annual rainfall 1190 mm, determined by water displacement method. The husked
mainly received during July to September, however,fruits were dipped one by one in a half filled (wit
the occasional showers during winter (October-midwater) measuring cylinder; the increased volume of
February) and also in summer (April-mid June) alsowater due to fruit dipping was recorded, thus terage
not un-common. Soil sample (0 to 30 cm depth) wasvolume of fruit was calculated by dividing totalmber
taken with auger after the land had been prepased f of fruits (20) and expressed in EnfFruit yield (q hd)
transplanting and analyzed for physical and chelmicawas obtained on the basis of net plot yield. Total
properties using standard procedures: pH, EC,ablail  soluble solids in juice of ripe berries were deteed
phosphorus and potassium (Jackson, 1973), organigith the help of Hand Refractometer (Erma, Japan)
corbon (Walkley and Black, 1934); and availableogen ~ and data were expressed Brix by calibrating at
(Subbaiah and Asija, 1956). The corresponding c|ay2(PC. Titrable acidity in fruit juice sample was detered
loam sodic soil had the pH 8.56, EC 0.42 dSm using N/10 NaOH solution. Ascorbic acid was
organic carbon 0.35%, available nitrogen 190.44&f  estimated as per AOAC (1990). Reducing, non-regucin
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and total sugars in juice of ripe fruits were estied as 75 x 60 cm spacing. Comparatively more ground
using Fehling solution as described by Ranganab)198 space to the plants at wider spacing could prothée
Data collected during the course of investigatiomrav  chance for better utilization resources. It alstidated
analyzed as per standard procedure advocated by shift in the most favourable environment in root
Panse and Sukhatme (1985) at 5% level of level ofgrowth consists of optimal moisture availabilityhi§

significance. lead to increase root activities, which might haeen
resulted in better nutrient uptake, subsequenttyebe
RESULTSAND DISCUSSION plant growth. The taller plant under closet spacivay

Effect of plant spacing: In the present study plant probably reduce the side branching and have dierte
height increased progressively with the reductién o the nutrient to the apical growth. Significant iease

the plant spacing in both the years (Table 1).theo  in plant height at closer spacing and more numifer o
words, increased plant population per unit aredbeged ~ branches per plant at wider spacing in cape goosebe
taller plants. The tallest plants were observeclagest ~ Wwas also reported by Girapu and Kumar (2006) under
spacing (75 x 60 cm) which was significant over Sabour (Bihar, India) conditions. Total numbers of
widest spacing (75 x 90 cm) but at par with mediumleaves per plant was also influenced due to differe
spacing (75 x 75 cm). At closer spacing, competitio plant spacing’s during both the years (Table 1).
for space and light might be the reason for in@das Maximum numbers of leaves per plant was recorded at
plant height. Contrary to the spacing effects campl Widest spacing (75 x 90 cm), which was significant
height, the number of branches per plant was isegta over rest of two spacing treatments. Plants spat&8

with increase in plant spacing during both the gear X 60 c¢cm produced minimum number of leaves per
(Table 1). Significantly maximum number of branches plant. Increased number of leaves per plant under
was noted at widest spacing (75 x 90 cm) comparedvider spacing is attributed to the fact that plaad
with closet spacing (75 X 60 cm). The medium spgicin more number of branches, space for spread and also
(75 x 75 cm) was found at par with 90 x 75 cm af we seems to have less competition for soil nutriesatar

Table 1. Effect of plant spacing and soil fertility levela vegetative growth of cape gooseberry.

Treatment Plant height Number of branches per Number of leaves per plant

(cm) plant

1% year 2" year 1% year 2" year 1% year 2" year
Plant spacing (S)
S;-75 x 60 cm 103.41 100.35 32.13 30.47 146.58 144.09
S,-75 x 75 cm 100.53 98.03 32.96 31.78 156.43 152.81
S;-75 x 90 cm 96.68 93.16 34.14 32.49 167.31 162.70
SEmz+ 2.20 2.15 0.55 0.75 2.55 3.15
CD(p-=0.05) 5.39 5.27 1.36 1.84 6.24 7.71
Sail fertility levels (F)
Fo-control 81.44 78.73 28.65 27.45 133.20 127.48
F1-60:40:40 kg ha 97.24 94.16 33.53 31.07 155.60 150.75
F»-80:60:60 kg ha 107.27 104.19 34.58 32.98 163.47 162.01
F5-100:80:80 kg h& 114.88 111.65 35.78 34.82 174.82 172.55
SEmz+ 2.03 2.66 0.82 0.91 3.46 4.27
CD(p-=0.05) 5.88 5.54 1.68 1.87 7.11 8.75
Table 2. Effect of plant spacing and soil fertility leveda physical characteristics of cape gooseberrysfrui

Treatment Averagefruit weight (g) Average fruit volume (cm®)
T year 7™ year ¥ year 2™ year

Plant spacing (S)
S;-75 x 60 cm 8.59 8.50 8.07 7.97
S,-75 x 75 cm 8.93 8.84 8.31 8.21
Ss-75 x 90 cm 9.26 9.18 8.57 8.49
SEmt 0.14 0.14 0.15 0.15
CD(p-=0.05) 0.35 0.35 0.37 0.36
Sail fertility levels (F)
Fo-control 7.83 7.73 7.52 7.43
F1-60:40:40 kg ha 8.89 8.82 8.38 8.25
F»-80:60:60 kg ha 9.37 9.23 8.60 8.50
F5-100:80:80 kg ha 9.62 9.57 8.77 8.71
SEmz+ 0.19 0.19 0.21 0.21

CDpp-0.05) 0.38 0.39 0.44 0.43
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energy. These findings are in agreement with thereported by Singlet al. (2002) worked at Agra, Uttar
reports of Ghimireet al. (2002) in tomato investigated Pradesh (India). Fruit yield was significantly affed

at Hisar, Haryana (India). by plant spacing treatments (Fig. 1a). Resultscateid
During the present study, plant spacing affectesl th that the fruit yield was increased with increaselamt
fruit weight as well as fruit volume markedly, indting  density per unit area and resulted highest frugddyi
the closest spaced plants having the smallestsfruit with closest spacing (75 x 60 cm); although it vaas
while the widest spaced plants had the largestsfini  par with 75 x75 cm spacing. Plants spaced at 76 x 6
both the years (Table 2). From the data it wascdote cm resulted 6.60 % and 7.91 % (in first and second
that average fruit weight was maximum at widestisga  year, respectively) higher yield as compared @hx

(90 x 75 cm) which was significantly higher thaeth 75 cm spacing. This was probably due to increase in
fruits harvested from the plants at closet spa¢itigx the number of plants per unit area, which might-con
60) cm spacing. Average fruit weight under widest tribute to the extra yield per unit area leadinghigh
spacing (90 x 75 cm) was statistically at par witerage  yield. The progressive increase in the fruit yidtdm

fruit weight harvested from the plants at mediumcépy ~ 81.32 to 86 69 q Hain the first year and from 77.43 to
(75 x 75 cm) spacing under study. Fruit volume imas 83.56 gh# in the second year trial) as planting density
similar trend as fruit weight. Minimum fruit weiglals  increases was an indicative of the fact that ahdnig
well as fruit volume was recorded in the fruits planting density individual plant performance is
harvested from closest spacing (75 x 60 cm). Ithinig decreased but the higher number of plants peraneé

be due to fact that the nutrient and light supplycompensate for lower individual performance,
deceased in closer spacing as compared with widegonsequently yielding more fruits than the lowemtihg
spacing which affected the photosynthesis anddensities. In this study, widely spaced plants poed
translocation of photosynthates ultimately resgltin more vigorous vegetative growth as compared wigh th
small size fruits. The decrease in size due toeclos closely spaced plants, but per unit area yield were
spacing was in agreement with observations in tomat significantly higher under close planting. Klinac

b
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Fig.1. Effect of plant spacing (a) and soil fertility levels (b) on fruit yield of cape gooseberry. Bar with different letters within
same year in the same chart indicates significant difference (P=0.05). Plant spacings: S, = 60 x 75cm, S = 75 x 75cmand S;
= 90 x 75cm; soil fertility levels (kg ha): Fo = control (no fertilizers), F; = 60:40:40, F, = 80:60:60 and F; = 100:80:80.

Table 3. Effect of plant spacing and soil fertility levets total soluble solids, acidity and ascorbic amiehtent of cape
gooseberry fruits.

Treatment Total solublesolids(®Brix)  Acidity (%) Ascor bic acid (mg per 100g)
1% year 2" year 1% year 2Yyear 1% year 2" year
Plant spacing (S)
S;-75x 60 cm 14.40 14.35 1.28 1.28 45.32 43.85
S,-75x 75 cm 14.57 14.54 1.29 1.31 46.19 4495
$:-75x90 cm 14.76 14.63 1.32 1.33 46.71 45.80
SEmz 0.21 0.17 0.02 0.02 0.63 0.63
CD(p-=0.05) NS NS NS NS NS NS
Sail fertility level (F)
Fo-control 13.67 13.46 1.22 1.23 40.88 40.54
F1-60:40:40 kg ha 14.59 14.56 1.30 131 46.35 44.63
F»-80:60:60 kg ha 14.87 14.88 1.32 1.33 48.11 46.46
F5-100:80:80 kg ha 15.18 15.12 1.34 1.36 48.94 47.83
SEmz+ 0.24 0.24 0.02 0.02 0.88 0.86

CDp=005) 0.50 0.50 0.03 0.04 1.82 1.77
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Table 4. Effect of plant spacing and soil fertility levada reducing, non-reducing and total sugars of capseberry fruits.

Treatment Reducing Sugars (%) Non-reducing sugars (%) Total sugars (%)

T year 2" year T year 27 year T year 2" year
Plant spacing (S)
S;-75 x 60 cm 4.64 4.53 3.80 3.68 8.44 8.21
S,-75 x 75 cm 4.76 4.61 3.89 3.75 8.65 8.36
S;-75 x 90 cm 4.83 4.67 3.95 3.82 8.78 8.49
SEmz+ 0.08 0.08 0.07 0.06 0.13 0.18
CD(p=0.05) NS NS NS NS NS NS
Sail fertility level (F)
Fo-control 4.43 4.29 3.57 3.46 8.00 7.75
F1-60:40:40 kg ha 4.65 4.52 3.80 3.71 8.45 8.23
F,-80:60:60 kg ha 4.89 4.75 4.03 3.86 8.94 8.61
F5-100:80:80 kg ha 4.98 4.85 4.12 3.97 9.10 8.82
SEmz+ 0.12 0.10 0.11 0.07 0.18 0.21
CD(p=0.05) 0.22 0.19 0.22 0.14 0.37 0.44

ha*and minimum in control. Prasa al. (1985) also
recorded significantly increased number of branéhes
cape gooseberry with the application of 100 kg N ha
while the effect of phosphorus and potassium was no
significant. Similar results were also recordedtan

(1986) also noted higher fruit yield of cape goasep
with increased planting density in New Zeeland. Meh
et al. (2000) also observed higher fruit yield with
increased plant population per unit area in tonuzider
Kaul conditions of Hisar (Haryana, India). Ahmad
(2009) observed higher fruit yield of strawberrydan  mato by Mehlaet al. (2000). The applied nutrients
close planting at Srinagar, Jammu & Kashmir (India) have key role in assimilation of amino acids, niacle
Tuan and Mao (2015) studied on tomato at Thaiacids and regulation of many metabolic processes,
Nguyen (Vietnam) reported that fruit number, fruit which in turns increased photosynthetic efficiency
weight as well as fruit yield markedly increasedaw (Tisdale, 1997). Increase in number of branches per
planting density (25974 plants Ha plant due to increased soil fertility is attribut@dmore
During the present study total soluble solids a@gjdi availability of applied nutrients, specially nitremg
reducing, non-reducing, total sugars and ascortitt a which tends to vigorous growth of plant remitting
contents of fruits were slightly influenced by @lan profuse branching and leaf production.

spacing but the effect was found non-significarat€é During both the years, soil fertility influencedeth
3; Table 4). The highest amount of T.S.S., acidity, average fruit weight as well as fruit volume (TaBle
reducing, non-reducing and total sugar and ascorbi@s considerably higher fruit weight and fruit volke
acid contents were recorded at 75 x 90 cm spacingioted with elevated soil fertility resulted compére
followed by 75 x 75 cm and lowest at 75 x 60 cm. with control. Both fruit weight and volume was hégtt
These results are in accordance with the findimgs i with the application of 100:80:80 kg NPK “havhich
tomato reported by Raghav (2000) studied at Naginawas

Uttar Pradesh (India).

Effect of soil fertility: Soil fertility levels had
significantly effects on plant height during bothet
years (Table 1). Each elevated levels of soil Ifgrti
resulted significant increase in plant height ahdst

significantly superior over 60:40:40 kg NPK hand
control, but at par with 80:60:60 kg NPK “haFruit
yield per unit area (q Haincreased progressively with
elevated levels of soil fertility as compared with
control (Fig. 1b). The results were in similar patt

recorded maximum with the application of 100:80:80 during both the years. It is evident from data tinait
kg NPK ha'. The minimum plant height was measured yield per unit area was significantly increasedhwit
in control. The probable reason for increased planteach increased levels of NPK fertilizers and reedrd

height with highest level of NPK application is rhig
be attributed to more uptakes of applied nutridnts
the plants; needed for protein and protoplasm sgish
for higher rate of meiosis, resulting better phgntisesis

highest with the application of 100:80:80 kg NPK'ha
The high yield is attributed to increased avaiigpibf
N, P and K with elevated soil fertility levels gspéied
nutrients helps in vigorous growth of plant with

and plant growth and ultimately increased the plantincreased number of branches, number of flowers and

height. Results of this study are in close conftyro
the findings of Singhet al. (1977) reported in cape

fruits. Chahal and Bal (2005) studied the effed&K
nutrition on cape gooseberry under high soil pHY8.

gooseberry studied at Basti, Uttar Pradesh (India)at Amritsar, Punjab (India) and emphasized that NPK
Number of branches as well number of leaves peitpla nutrition is necessary for improving plant growth
was also increased with each increased levels ibf socharacters and maximizing the fruit yield. Results

fertility (Table 1). Both the parameters were maxim
with the application of 100:80:80 kg NPK “ha
followed by 80:60:60 kg NPK Ra 60:40:40 kg NPK

our study are in close conformity to the finding of
Singhet al. (1977) and Prasaa al. (1985) reported in
cape gooseberry studied at Basti, Uttar Pradeslialn
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In the present study marked influence on quality

characters of fruits viz.; total soluble solidsjdity,

ascorbic acid contents were found due to variaition
NPK levels during both the years (Table 3). Allgae
quality characters were increased with increasing
levels of NPK fertilizers and recorded maximum with

Angrej Ali and B. P. SinghJ. Appl. & Nat. ci. 8 (1): 368 - 374 (2016)
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gooseberry fruitsPlant Sci., 11: 101

under close spacing (75 x 60 cm); although thesdvehla, C.P., Srivastava, V.K. and Singh, J. (20B@sponse

results were statistically at par-gBs with medium

spacing (75 x 75 cm) in both the cases. Higher soil

fertility levels increased plant growth, fruit yielas
well as physio-chemical quality of fruits with menim

values under 100:80:80 kg NPKhdt can be concluded

of tomato [ycopersicon esculentum) varieties to N and
P fertilization and spacingndian J. Agric. Res., 34 (3):
182-184.

Mengel, K., Kirby, E.A., Kosegarten, H. and Appdl,
(2001). Principles of plant nutrition. Kluwer Acagm
Publishers, Dordrecht, The Netherlands.

that the plant spacing of 75 x 75 cm and NPK @ Miranda, D., Ulrichs, C., and Fischer, G. (2010)bibition

100:80:80 kg ha is advisable for cape gooseberry

cultivation in sodic soils (pH 8.56) of Eastern autt

Pradesh (India) for obtaining high yield of better

quality fruits.
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