Journal of Horticultural Science
https://jhs.um.ac.ir T

Research Article
ET Vol. 37, No. 2, Summer 2023, p. 307-324

A Study on Effects of Chemical Fertilizer and Organic Manures on Kiwifruit
(Actinidia deliciosa, cv. Hayward) Quality during Cold Storage

M. Kiaeshkevarian®™'*, T. Raiesi'='?, B. Moradi®?, J. Fattahi Moghadam/=*- M. Faghih Nasiri'*®

Received: 23-05-2021 How to cite this article:
Revised: 28-12-2022 Kiaeshkevarian, M., Raiesi, T., Moradi, B., Fattahi Moghadam, J., & Faghih
Accepted: 31-12-2022 Nasiri, M. (2023). A study on effects of chemical fertilizer and organic manures

Available Online: 31-12-2022  on kiwifruit (Actinidia deliciosa, cv. Hayward) quality during cold storage.
Journal of Horticultural Science, 37(2), 307-324. (In Persian with English
abstract). http://doi.org/10.22067/jhs.2022.70366.1054

Introduction

Consumers demand for organic products is increasing due to their awareness of health and nutritional
quality. Organic manures maintain soil health and ecological balance of the region. Organic agriculture, as an
alternative agricultural system to protect human health and the environment can improve the quality and
storability of the product. Kiwifruit is one of the most important agricultural products in north of Iran, which
plays an effective role in trade and employment of the people. Fertilization is one of the main factors affecting
the yield and quality of kiwifruit. Growers use organic manures and chemical fertilizers in their orchard to
achieve higher yields. It is necessary to study the effect of various organic manures available in the region on the
nutrition of kiwifruit vines due to increase chemical fertilizer prices and the formation of the market for organic
fruits. Therefore, the aim of this study was to compare the effect of using five types of organic manures and
chemical fertilizer on the quality of Hayward kiwi fruit during cold storage.

Materials and Methods

This research was conducted as randomized complete block design consisting six treatments (including
complete chemical fertilizer, sheep manure, cow manure, chicken manure, vermicompost and azolla) on
Hayward Kiwifruit vines in orchard and factorial experiment with three replicates in cold storage during four
years. The fruits were harvested at TSS: 6.5 (approximately mid-November) and then stored at 0.5 ° C and 90%
RH for three months. Sampling was performed every month and physicochemical characteristics, including flesh
color parameters (L*, C*, he), total soluble solids, titratable acidity, firmness and weight loss of fruit were
measured. Sensory evaluation of fruits was also performed at the end of three months cold storage. Analysis of
variance of the data was done using SAS 9.1 software. The significance of differences between the mean of
treatments was determined by using Duncan’s test.

Results and Discussion

The results showed the interaction between year, type of nutrition and cold storage period affected color
indices, lightness and chroma. Lightness and chroma value didn’t show significant differences between organic
and chemical fertilizer treatments. In addition, their value decreased during cold storage period, significantly.
The chroma value indicates the degree of saturation of the green color and is associated with fruit firmness. The
hue value was also influenced by the interaction between year and cold storage period and the simple effect of

1, 2, 3, 4 and 5- Researcher, Assistant Professors, Associate Professor and Instructor in Citrus and Subtropical Fruits
Research Center, Horticultural Science Research Institute, Agricultural Research Education and Extension Organization
(AREEO), Ramsar, Iran, respectively.

(*- Corresponding Author Email: mkiacitrus@yahoo.com)

DOI: 10.22067/jhs.2022.70366.1054


https://
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://jhs.um.ac.ir/
https://orcid.org/0000-0002-6334-5685
https://orcid.org/0000-0002-9773-6422
https://orcid.org/0000-0001-7474-4115
https://orcid.org/0000-0002-5213-804X
https://orcid.org/0000-0002-5771-9273
http://doi.org/10.22067/jhs.2022.70366.1054
http://doi.org/10.22067/jhs.2022.70366.1054

V¥ lisli ¥ o) lad 1Y il (((5509L88 o g poke) Sl pole apid ¥oA

the nutrition type. The highest hue value was observed in chicken manure (108.63) and the lowest in
vermicompost (107.66). The hue value decreased significantly after 90 days cold storage. According to the
results, a decrease in fruit firmness, TA and an increase in TSS and TSS/TA were observed during cold storage
irrespective of treatments. After 90 days, total soluble solids content was higher when organic fertilizers were
applied. During the storage of kiwifruit, total soluble solids content increased, significantly. The titratable acidity
value in organic fertilizer treatments was higher than chemical fertilizer after 90 days cold storage, significantly.
Moreover, titratable acidity value decreased at the end of the cold storage period, significantly. The highest flesh
fruit firmness was obtained in cow manure (8.74 kg/cm?2) in forth year and chemical fertilizer treatment had the
lowest flesh firmness (3.2 kg/cm2) in third year. Fruit lost firmness gradually during the cold storage period.
However, no significant difference was found in maturity index (TSS/TA) between treatments. The TSS:TA
ratio is highly increased after 90 days. Based on the results of the last two years, azolla, cow and chicken
manures showed less weight loss percentage than chemical fertilizer treatment. Moreover, weight loss increased
significantly during cold storage period in all treatments and years. Also the results of sensory analysis showed
that fruits treated with vermicompost had a higher overall acceptance than other treatments.

Conclusion

Generally, organic nutrition plays an important role in increasing the nutritional value and shelf life of
kiwifruit cv.Hayward. Organically produced fruits had higher firmness than conventionally grown fruits during
storage. Application of cow manure and vermicompost showed favorable effects on important properties of kiwi
fruit such as firmness, weight loss, TSS, TA and sensory quality. Therefore, organic fruits will have better
quality in the cold storage. As a result, it seems that by reducing the use of chemical fertilizers in the current
orchards, kiwi production will be close to the standards defined for organic fruit.
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Jw 55 g5 A3 w3 6,1 G
Year Nutritioiy . Cold storage duration (day)
P 0 30 60 90
Lo
Ty i 57.28 a-i 5454 a-q 48.16 I-s 50.05 f-5
2014 Chemical fertilizer
ihss 59 a-e 54.39 aq 514 a-s 5173 ar
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5
55.73 a-n 53.21a-q 49.75 g-s 49.66 g-s
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e 54.38 a-q 49.41 h-s 46.48 qrs 48.22 k-s
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Yol
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wags lhosd . .
- 57.06 a- 57.15 a-i 55.48 a-0 51.84 a-r
2017 Chemical fertilizer ]
oS 56.28 a-m 56.71 a-k 54.46 a-q 55.72 a-n
Sheep manure
(4
< 57.42 a-h 55.63 a-0 54.55 a-q 53.22 a-q
Cow manure
. o 55.84 a-n 54.95 a-q 55.52 a-0 53.2a-q
Chicken manure
SS9 55.81a-n 55.9 a-n 53.11a-q 52.63 a-r
Vermicompost
Yl ) ) } ]
Azolla 56.46 a-l 54.57 a-q 54.2 a-q 53.36 a-q

B85 ot b ()l gime oglis (Sl (glataly dix g0l 51 ookl b doyd g Jlein] aaws j3 alie g (gl (slapSibe gtw o 0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 3- Interaction effect of Nutrition type xcold storage duration on fruit color index (Chroma) of kiwifruit cv. Hayward
in the different years

A3 o 3 (6,1 G
395 o5 Cold storage duration (day)
Juw Nutrition type 0 30 60 90
Year
way cstliesd - '
- 43.09 b-i 38.46 b-v 32.33 p-w 33.8j-w
2014 Chemical fertilizer P J
bags 4334 ag 38.88 b-v 32.68 0-w 32.92 n-w
Sheep manure
3 43.07 bi 4043 br 3537 f-w 35.86 e-w
Cow manure
s 42.79 b-i 36.48 d-w 31.08 vw 33.64 k-w
Chicken manure
oz 29 40.92 b-o 37.89 c-v 32.01 r-w 31.88 sw
Vermicompost
Yol 4375 a-f 38.37 b-v 34.63 i-w 33.44 k-w
Azolla
bossd
e 45.09 ab 39.99 b-s 35.91 e-w 32.61 0-w
Chemical fertilizer
Y hs 4407 a-e 33.19 l-w 331 m-w 32.07 q-w
2015 Sheep manure
35 4311 b-i 39,62 b-u 35.69 e-w 3257 0-w
Cow manure
. e 40.46 b-r 40.08 b-s 36.61 c-w 32.83 0-w
Chicken manure
CuseoS 9 44.64 a-d 38.49 b-v 34.92 gw 32.80-w
Vermicompost
Yyl 42.19 b-j 38.53 b-v 31.68 s-w 34.09 j-w
Azolla
Y0 elbond - g .
2016 Chemical fertilizer 3933bv - 32850w 8260w 2891w
b 3874bv 3550 e-w 31.66 s-w 31.1u-w
Sheep manure
oo 4154b-m 3274 0w 31.09 vw 32.95 n-w
Cow manure
e 41.64 bl 37.49 c-v 33.45 k-w 31.34 tw
Chicken manure
ergenS 9 41.4bn 32.68 0-w 32.25 p-w 31.94 r-w
Vermicompost
Yol 41.39 b-n 34.77 h-w 32.49 o-w 32.8 0-w
Azolla
yras oo r i i i
2017 Chemical fertilizer 42.96 b-i 40.16 b-s 39.18 b-v 40.06 b-s
s 42.82 b-i 40.95 b-0 43.34ag 36.26 d-w
Sheep manure
o 43.09 b-i 41.71 b-k 40.56 b-q 37.09 c-w
Cow manure
sEr ~ . . g
Chicken manure 41.7 b-1 40.69 b-p 43.32 a-g 37.53 c-v
w’“’g 9 43.17 b-h 39.81 b-t 41.76 b-k 38.25 c-v
Vermicompost
Yyl 42.62 b-i 40.69 b-p 41.94 b-k 38.09 c-v
Azolla

0 o b gl e gl oy gty o] e 50 il By iy gyl (sl Sl g o o°
Mean in each column followed by the same letter are not significantly different at p<0.05
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Table 4- Interaction effect of year xcold storage duration on fruit color index (hue) of kiwifruit cv. Hayward

QB3 w3 (6,1 e
Juw Cold storage duration (day)
Year 30 60 90
0

" 11089 a 11041 ab 109.86 b 110.49 ab
2014 ' ' ' '

T 109.72 b 108.63 ¢ 108.06 cd 106.53 ef
2015 ' ' ' '

T 108.16 cd 107.33 de 106.08 f 106.57 ef
2016

" 106.70 ef 106.85 ef 107.07 f 105.87
2017 ' : : 874

S50 o b (ol gime Sl (glaals win yg0jl 51 0oLl b caglis duoyd gy Jlein g 45 asliie Gg e (gl (slapSilo (ygiw p1 3"
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Figure 1- Effect of nutrition type on fruit color index (hue) of kiwifruit cv. Hayward (DMRT, p<0.05).
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Table 5- The effect of Nutrition type xcold storage duration on fruit weight loss percentage of kiwifruit cv. Hayward in the
different years

A3 o 3 (6,1 G
395 o5 Cold storage duration (day)
Juw Nutrition type 0 30 60 90
Year
yyay 2w
. 0.00z 4.53 g- 9.04 g-n 13.60 b-e
2014 Chemical fertilizer @y g
hsS 0.00z 496 py 9.00 g-n 1322 bf
Sheep manure
35 0.00 5.27 0-y 9.60 g-I 13.74 bed
Cow manure
e 0.00 4.96 p- 9.29 g-m 13.67 bed
Chicken manure z Py g
ooz 229 0.00 z 5.29 0-y 9.82 14.24 be
Vermicompost
Yo 0.002 7.63 it 15.16 b 21.25a
Azolla
e 0.00 411ty 7.63 it 10.53 d-j
Chemical fertilizer
yyay (ShiduwgS
0.00 4.22 s- 8.02 h- 11.48 c-h
2015 Sheep manure z 5Y g ¢
35 0.00 2 4185y 7.88i-q 11.20 ¢
Cow manure
s 0.00z 4.01 u-y 744 j-u 10.26 d-j
Chicken manure
oS 29 0.00 z 468 gy 8.94 g-n 11.99 bg
Vermicompost
Yyl 0.002 4281y 7721 11.14 c-i
Azolla
A0 ol
. - 0.00 3.94 u- 6.00 m- 8.07 h-
2016 Chemical fertilizer z vy my q
S § .
Sheep manure 0.00 z 3.43 xyz 5.88 m-y 8.29 h-p
i 0.007 3.56 w-z 5.61n-y 7.44 ju
Cow manure
GEr R i-
Chicken manure 0.00z 3.20 xyz 5.69 n-y 7.80i-r
CeogeaS (039 - j- -
Vermicompost 0.00z 4.03 u-y 7.36 j-u 9.03 g-n
Y5l ; .
Azolla 0.00 z 3.35 xyz 5.12 0-y 7.16 j-v
\yas o -~ i X
2017 Chemical fertilizer 0.002 365vy 7051w 9691
st 0.00 z 4.02 u-y 7.07 j-w 10.02 e-k
Sheep manure
e N -
Cow manure 0.00z 3.24 xyz 6.39 Iy 8.66 g-0
Er i i
Chicken manure 0.00 z 3.28 xyz 5.06 p-y 7.62i-t
CugeaS (5059 - -
Vermicompost 0.00z 3.22 xyz 6.61 k-x 9.17 g-n
Y5l _ "
Azolla 0.00z 292yz 6.42 Iy 8.49 g-p

S50 o b ()l gime oglis (SOl (glacaly dix g0l 51 ool b o yd g Jlein] aaws j3 i g (il (gla Sk gt o 0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 6- The interaction effect of Nutrition type xcold storage duration on fruit firmness of kiwifruit cv. Hayward

A3 w3 (6,1 G
395 o5 Cold storage duration (Day)
Juw Nutrition type 0 30 60 90
Year
Lo
Y e 5.16 e-j 2.95 m-w 21912 21z
2014 Chemical fertilizer
s 6.98 a-e 3.25 k-u 2.03 12 21z
Sheep manure
3 6.41 c-h 3.58 s 2.20 gz 211z
Cow manure
e 5.34 e-j 2.96 m-v 1.78 sz 1.65 t-z
Chicken manure
oz 29 6.55 b-g 355t 2.05r-2 2rz
Vermicompost
2 8.33ab 3l-v 1.89 57 175z
Azolla
bossd
e 5.7 d-i 2.32 gz 1.28 v-z 0.7z
Chemical fertilizer
Y ids 4.83 g-m 1.38u-z 147 u-z 0.87yz
2015 Sheep manure
9 4.85g-m 2.650y 1.12v-z 09yz
Cow manure
e 5 f-k 240z 1.28 v-z 1 xyz
Chicken manure
CugenS )9 5.83 d-i 2.82 n-x 142Uz 08yz
Vermicompost
il
Yo 5.12 e-k 2229z 1.33v-z 0.83yz
Azolla
Y0 slosd
- 2330z 12v-z 1.33v-z 1.05w-z
2016 Chemical fertilizer a
b 4.65g-n 17752 17152 143Uz
Sheep manure
5
e 4.45i-p 1.75s-z 1.42 uz 1.42 uz
Cow manure
st ;
5.78 d-i 215r-z 1.57 u-z 0.83yz
Chicken manure 4
oS 509 433ip 185z 1.65 t-z 17752
Vermicompost
Yl 2.9 nx 2,051z 14uz 14uz
Azolla
¥as losd i
- 8.17 abc 7.32 ad 3.93i-r 2240z
2017 Chemical fertilizer q
oS 7.98 abe 5.77 d-i 467 gn 18352
Sheep manure
o 8.74a 5.6 d-i 41i-q 211z
Cow manure
s 8.13 ahc 7.32 ad 5.42 d-j 2.33g-2
Chicken manure
SS9 7.89 abc 6.88 a-f 4.88 gl 1935z
Vermicompost
Vil ; . g
Azolla 8.53a 6.88 a-f 4.52 h-o0 2.55p-z

S5 o b (o)l xe Caglis Sl (glaals Wi ygl 3l edlisinl b sy gy Jlein] pdaw )3 e gy g (sla ySibe (g o y0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Redgewell and ) cewl 35 o (508 o0 p i )0 (45wl Juuasily
OAb Py A yoxie & (SUSele 5 et (e (FTY, 1993
UMl 03sgd (Jslw ojlgd Jlis bl (pols Cawd 5l 20 0 (58S

(Brummell, 2006) cool (1S (sl sl

0430 (lsasd Olduo

rae 355 g5 Jlo S s S pe el ly o s
e 3 (B 395 g5 Sy g B p 1> (651K o)
9 Ogelyis HB andel ¢ Jolomo ol dlge w0 55 ()l
39 o ine gl i B andl 4 Joloeo dal> dlge Cas
Lopl (Joloe dal> Slge (6355 Jlow 98 ST cnlpli (Y Jgi2)
2 D)l (Sin A2y 50 ()X loj ke s (yaumlyis B
9 W2 53 (6)ISS loj Sl ladd oS ols UiS glS (gw)p iz
2 e 355 5 Wit Sl 55 5 Jlo b 9556 ol GiiSan
A dwl & Jolome Jols dlgo s &2y 50 (£)l0SS Co
AV Jgse) 528l (g o sine o6 el i 6

Capnd S )| Sl s 53 (955 0900 sl (oo Ao

(D'evoli et al., 2013) l)LSen 5 (J5go dlowgy Jgliio cois 4
CdgS (i ) (Gl Slilllas (S 42 STl oad (2))5
2oLl ¢ blo 5 000,85 iy Jglate 5 S| 9805955 (ot 0300
S5 sogee il aw (Amodio et al., 2007) I, Ken 4
L dslio )0 doyd yao slod o (eSS0 ¥ b Jolite cuiS
53,8 oaalie |y S A5 s )3 4Bl ()90 srogee
A G Jghto S 5V 5 Slee 4 1y jdy (b e o
S slaog e iSasS ojluil a0 i )b Hlade (S
oS ol i L cllas 5,8 by S8 b duglie p> Jglite
(23395 aebp dlox 5l Jolo (ptiz U ot W5 o0 0gen (SHiw
D95 @Bl St 03le jlade g el Ao 15 4B yme 53 (655
aS )8 5,135 50 (Singh et al., 2008) -, Ken 5 K
P e D90 (S5 PO ogne (Sl o CamwgeoS ()9 3 2)lS
(i dlge (g Jglome s dlge ClMo ()I3)Ll (b ogee (105
OS5 g o9 £l 92 (elye ol il 5 Jobo o)l0
Fattahi Moghadam ) 5,l> i & sgme 0 p 5 Cas pu 53 Sdmo
OhlSen g5 ,sie 558 5L and Halajisani, 2012
ki o)Ll )3 0gee (5,105 L (Ashournezhad et al., 2011)
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Table 7- Analysis of variance for Nutrition type and cold storage duration effects on kiwifruit chemical traits during 4 year

Oy @il Gilan, S Jloe dele dlge S dlaaw] Wiy dn] 43 Jolmo ol S0 Comed
Source variations Df TSS TA TSSITA
JL‘) 3 76** 1.7** 68**
Year
s
8 0.89 0.02 0.36
Erorr
> & 5 0.99% 0.04* 0.27™
Nutrition type
Jo w55 5 15 1.3%* 0.05% 0.29
Nutrition type*year
44\>))“’ A_Ao d)‘@ Sl 3 440** 0.29** 151**
Cold storage duration
JL" # 45[53)“’ ‘_Jo d)l'x'ﬁj‘; Cdo 9 17%* 0.25%* 13**
Cold storage duration*year
45\5'))‘“ ‘_Jo L;)IA.QKS ettt ‘)9§ &y 15 0.69* 0.03* 0.63*
Cold storage duration* Nutrition type
dho 2y b o8 e 355 g5 45 0.46 0.02 043
Nutrition type* Cold storage duration* year
s
164 0.38 0.02 0.33
Error
NI
o S 5.1 7.1 8.1
CV(%)

o yd K g gy Jlein] zokaw ;0 I ize BMB] g Iy gxe BB gz g pie oy

w= % NS
9

ns *and *: non-significant difference, significant difference at the level of five and one percent probability, respectively.
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azils g HB 515 oo 2ol dlge 52 3955 s (S
Aol dlg LS 53 )59 LS VYO a0 WP 5l g5 Sal38l L
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Ly b ino 5 (oo Staad i e | TSS a5 m
i LS 3 TSS e (cawl odiis 03yl zuls) w,ls r=—+/A$
090 Cuild 3l st pund (gl (lod yinS 558 0gu0 Ly
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(Lara et al., 2004) xb o ial 35 o )Ll

Olej 33 (Bpas 355 £g5 Jlate (31 ((TSS) Jokome als 3lg0
o I A Joan 53 Jolme dol> dlge yr ailidpus )3 (6,10
bgso e 1SS jlade ;0 ()l dre BB cuily oyl > .l
ol duw jl asy i odmlie caliste (6348 mlio ol iss cla
S 6ladgS b o 4355 (claogee TSS e ailsdpw )3 (6 0
Aols oo iy slade gy olend 365 3l yiins (o)l e jelay
s Jglae criS U dunlie 50 SUB ) cudlS piuw 5 Jolore
Jae b 5155 (D'evoli et al., 2013) ) )\SKen o Jg93 dluws
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Table 8- Interaction effect of Nutrition type xcold storage duration on fruit total soluble solid (TSS) of kiwifruit cv. Hayward

WD pw 3 (6, O

35 g9 Cold storage duration (day)
Nutrition type 30 60 %
0
i 8.8 f 125 de 13.7D 13.8b
Chemical fertilizer
oS 8.7f 123e 13.6 bd 140a
Sheep manure
5 8.6f 12.4de 145a 142a
Cow manure
e 93f 12.7 bd 139b 14.1a
Chicken manure
oS o029 85f 120e 140a 14.2a
Vermicompost
Yo 8.7f 12.6 de 13.9b 143a
Azolla

S5 w0 b ()l ime oglis (Sl (laield six g0l 31 e3litl b duoy> gy Jlein] paw 53 aulie gy gl (slaySibe (ygw o j0*
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 9- Interaction effect of Nutrition type xcold storage duration on fruit total acidity (TA) of Kiwifruit cv. Hayward

R PHES D 6,150 O
355 &40 53 8 -‘{5’
Nutrition tvpe Cold storage duration (day)
P 0 30 60 90
Lo
. 1.92ab 1.78 abc 167¢ 1.71be
Chemical fertilizer
g 1.76 abc 1.79 abc 167¢ 1.84 abc
Sheep manure
9 1.84 abe 191 ab 1.73 abe 1.85 abe
Cow manure
e 1.93a 1.79 abc 1.71be 1.84 abe
Chicken manure
w’“’s 9 1.83 abc 1.75 abc 1.72 abc 1.78 abc
Vermicompost
Y5 1.86 abc 1.81 abc 1.71 abc 1.77 abe
Azolla

S50 o b (I gime coglis (SOl (claials dix 903l 51 ookl b duoyd g Jlein] gaws 53 aslie gy (il (o p ko gm0
Mean in each column followed by the same letter are not significantly different at p<0.05 based on Duncan’smultiple range test.
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Table 10- Interaction effect of Nutrition type and cold storage duration on fruit TSS/TA index of kiwifruit cv. Hayward
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Figure 2- The effect of Nutrition type on kiwifruit cv. Hayward sensory attributes during cold storage
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