creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

HApet gl B

B AIE TR £G4 FEpasht
R R BERE R P N

nX= 9%

AZdista Juteste
2 o o 7

20234 84



SEERCE

Arpas 34 4

Z -

2 & 5 :
9 4 #49 ard AAAH

2023 d 8 €



Effects of Soil Moisture Content Variations on Fruit
Quality and Tree Stress in Satsuma Mandarin during

Porous Sheet Mulching Cultivation

Nam Ho Kang

(Supervised by professor Dr. Sang—Heon Han)

A thesis submitted in partial fulfillment of the requirement for the

degree of Master of Agricultural Science

2023. 8

Department of Horticultural Science
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY



11

Al g3 v7]

List ofFigures T TS TTTToSToSmomoomoooomoomoe
1.

I1. A

B3

‘._Xlo
_Zrl
1
i

ze)
;o.b
T o]
Tk
T o]

O

]
M

oy

T - - —r ::L.L:

~ 15

A
qr
nze]
;OH
= O
=K
I O

0

6
M

BA

23
31

8 2] W8 oo

Al X
=

3} 3}
4. ABA S} JA I HIBE oo

- 38

o
np

- 45
50

T BN 1] ' o7



LIST OF FIGURES

Fig. 1. Changes of leaf water potential before down in satsuma mandarin porous sheet
mulching cultivation as control (non—sheet mulching), mulching and mulching +
drip irrigation. Different letters indicated significant difference at £<0.05,

Duncan’ s multiple range test (n=4). ----r-mmmmmmmmmmmmmm 11

Fig. 2. Changes of vesicle tissue water potential before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching and
mulching + drip irrigation. Different letters indicated significant difference at

FX0.05, Duncan’ s multiple range test (n=4). --------m-s-mmmmrmmmmme e 12

Fig. 3. Changes of vesicle tissue osmotic potential before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching
and mulching + drip irrigation. Different letters indicated significant difference

at 70.05, Duncan’ s multiple range test (n=4). ---------==-m-smmmmmsmmmmce e 13

Fig. 4. Changes of vesicle tissue turgor pressure before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching
and mulching + drip irrigation. Different letters indicated significant difference

at /4X0.05, Duncan’ s multiple range test (n=4). --------=mm-mmmmmmmmmmomssonee e 14

Fig. 5. Changes of chlorophyll fluorescence parameter as vegetative (A) and bearing
(B) branch in Satsuma mandarin porous sheet cultivation as the porous sheet
treatment in September 22th. Different letters indicated significant difference

at /%40.05, Duncan’ s multiple range test (n=6).-------------osoommmmrmooooomoeo 20

i



Fig. 6. Changes of chlorophyll fluorescence parameter as vegetative (A) and bearing
(B) branch in Satsuma mandarin porous sheet cultivation as the porous sheet
treatment in October 18th. Different letters indicated significant difference at

/X0.05, Duncan’ s multiple range test (n=06) . -----rrsrrrmsmmmmmsonnr oo 21

Fig. 7. Changes of photosynthesis rate as vegetative (A) and bearing (B) branch in
Satsuma mandarin porous sheet cultivation as control (non—sheet mulching),
porous sheet mulching and drip + mulching treatment during the fruit growth
season. Different letters indicated significant difference at 2<0.05, Duncan’ s

multiple range test (N=6). -----mmmmmmmmmmm 22

Fig. 8. Changes of fruit juice total soluble solids (A) and acidity (B) in Satsuma
mandarin porous sheet cultivation as control (non—sheet mulching), porous
sheet mulching and drip + mulching treatment. Different letters indicated

significant difference at 7<0.05, Duncan’ s multiple range test (n=6). - 26

Fig. 9. Changes of peel (A) and flesh (B) dry ratio in Satsuma mandarin porous sheet
cultivation as control (non—sheet mulching), porous sheet mulching and drip +
mulching treatment during the fruit growth season. Different letters indicated

significant difference at 7<0.05, Duncan’ s multiple range test (n=6).-—----- 27

Fig. 10. Changes of fruit length(A) and width (B) in Satsuma mandarin porous sheet
cultivation as the porous sheet treatment during the fruit growth and maturing
season. Different letters indicated significant difference at 2<0.05, Duncan’ s

multiple range test (M=06), -7 7777 TrrTTTsr s oo 28

Fig. 11. Changes of fruit firmness(A) and peel thickness (B) in Satsuma mandarin

1ii



porous sheet cultivation as control (non—sheet mulching), porous sheet
mulching and drip + mulching treatment during the fruit growth season.
Different letters indicated significant difference at 72<0.05, Duncan’ s multiple

range test (M=4) . ---mmmmmmmmm 29

Fig. 12. Changes of fruit peel chroma values (a; red—greenness) in Satsuma mandarin

Fig.

Fig.

porous sheet cultivation as the porous sheet treatment during the fruit maturing
and harvest season. Different letters indicated significant difference at /<0.05,

Duncan’ s multiple range test (n=6). - 30

13. Changes of leaf (A), fruit peel (B) and flesh (C) endogenous ABA
concentration before down in Satsuma mandarin porous sheet cultivation as
control (non—sheet mulching), porous sheet mulching and drip + mulching
treatment during the fruit growth season. Different letters indicated significant

difference at 7<0.05, Duncan’ s multiple range test (n=4). -----------mmommmmmeeeeeen. 35

14. Changes of leaf (A) and fruit peel (B) endogenous jasmonic acid (JA)
concentration before down in Satsuma mandarin porous sheet cultivation as
control (non—sheet mulching), porous sheet mulching and drip + mulching
treatment during the fruit growth season. Different letters indicated significant

difference at /<0.05, Duncan’ s multiple range test (n=4). ----------===--m=mmmmmmoom 37

Fig. 15. Changes of micro weather condition (A: humidity, temperature and B:

sunlight quantum yield) at Satsuma mandarin orchard. ------=-=--ccocemmeeeo. 45

Fig. 16. Changes of soil moisture as porous sheet treatment (A: Non—sheet, B:

Mulching and C: Mul. + Drip) at Satsuma mandarin orchard. --------------------- 47

v



FrEAud e EgrRds Wstd et WS Pged 9€9 FAHET —1.3MPa
2 AE AE5AYT -2.53MPa, FAAFALT —2.32MPakth =2 #S dERiTh
10€ol= w9 dAAQ g olF AHKAQl Hdxo IANE FAH25- —3.0MPa %
AE 3EH 27 —4.0MPa o]st® A #AFHE T —2.64MPakth okt 119z
T Ax ENE FAET —4MPa, AN E 3 5A2 T —4.7MPa® "olgon HAwy
A TE —2.82MPaz ZAAaduh 11€ 10YYE 1297kK9] A$-= FAF -
1.98MPa, AE ¥&EA g+ —2.08MPaz 3|HF oy, FAaArEAg5 —1.13MPaktt
orth AkzA e FEHUAE ey ald ) v SeskA WEo] oy, Ay
AL FAF7E AE I5AYT @ AAAFHYTFRG 2go foldk Aol ¢l
oh e 99 FRAEHAE AA WA W E AQs 1087 1194 0.5MPaz® ¢
Aglon old mE 7)o WA FEF FAE T 11.05°Brixe] vl AlE 9537

T 14.55°Brix @ AABSAHE T 13.96°Brix =obA] Fol8k xjo]E Holm AE zA

v



S Hw ek 9del WA Fo gt FAel 9 AAdFA 7 AJE d5A 25

o Sekar A3A= FA YT Fv/Fm ghol AE d&EA25 8l dH A mn

m

Stk 10919) W87 Fo ghe vhe Ael ol vs) @4 u5xe 7k wgot Fy/Fm
G FALYT s ik, AN 58, Fo ol T AelTol ws) HAw
AT ek,

o
s}
nh
o
v,
L
1o
s
=
oS!
5
s
(@]
%g,
x>
o
x>
Tl
pLY
o
~r
N
S
3
S

Vi



I A«

Aol 2797 1,900 20k d2o A ElEo] 1955 H =4t o]
deA =2 AEdur 2 5% low fsh sHlE 9 & Avta &AM ey et
3 EY AEE 1990dU7kA = 250 BAEATH(Moon et al., 2007). AW FH Lo

2 1= x4t AAF 7Y =% TV 9 7|5 ste] &%
WA 719 HIfsh 749 so® Qe A 27U F4 AstE 7hA o] A& "ol
A Q= el vk (Ko, 2015; Moon et al., 2018).

d2o] 22U 1975 366% E5 AR FAE AL FHLo| 7ov & A
$9] Fo]E Holi Qltf(Japan Ministry of Agriculture, Forestry and Fisheries,
202D). a9 Yoz = A BRYor AFTHAY] FHor dx Ad, A F9)

7F o

o

o2

iy
>

A3l A Ane] thekst, A o9 A FE AT F
(Kazuki and Takahashi, 1995; Iwasaki, 2014). A E &8 A A+ Y=

FA g4 O F ad ddel & 5 b AR g @, 24 549 &

I

Aoz Jdy A gvk(Hayashi, 2006). aFA5F 199712 th-$-9F 199812 w4

FN

s AE IAHAEY] a3E dehr] o 713 vk ASEd sl A
of A% HEAEHAZE UF BVl dA dojuk bl eojHe wet eA]7] 9
A FAL At & AE gEAu|e] EAHo] Hol AuHel sk AFAikate] o8&
A A Atk (Masaya and Machida, 1980; Nakazato and Kishino, 1999). @3t =3} 3}
Ao FERAEUAE Fo| U5 EANA 8= 427G A s A &= 4
Fo] Atk (Kihara and Konakahara, 2000). 134 34 AAato] 7145 298k 5Q3
QRlow #AFHAe gt FH Aoje FoAo] AVE HFEAANNE AZFEY 5
o] #FAdo] AFAOR TYHUARE H T SR vhe- 59 V]St o

1 FA#AE A e MR dY AL Ee ad R 23 FAL

1



I

o]

g
-

ol €]

).

g

pzs

|2 TpRolA
o}

3F o

o] ¥ %
3 e

i

ol
[e]

g2 AE 7B g 1

=
=

)l
=

A

A=
T
Al

FAAEe]l Qo] g}
= @

Aol AaL o]

LS

39 =

=

2 R gstal 9tk (Morinaga, 2014).
=19

ghE AR

ok

Ao

PN
T

-

20099 F-E =X 7t Aol Algo] A
kel

hia

7}

EfA=z

<]

of 3t

}d_

el

o} H A]

1 9ot (Yang et al.,
ol AFxAE

o
SREREE R

1'Citrumelo CPB 4475

3} 3

A
&
Ho

=

SRAE s 3

dl De Ollas et al.(2013)2 = o
Foll BEg] o] A A AF(jasmonic acid, JA) 2]

°©

=

st w7} ¢lt} (Nonami, 2001; Yakushiji et al., 1996).

1

L

3

(Morinaga, 1993; Han et al., 2014). Mantias et al. (2012) 2 A2 FEA2E#H XA o
iy

2022).
2z HiIE
s~ =4

=

o]

ol
Gl

—_
file)

mjw

7l

=
[e)

(abscisic acid, ABA)

Fo] Z7}ettty B33t (Kobashi et al,

keig
=]

A W7d ABA

Broh o] P A%t



1997).

Y

<]
)

of

oy
w
T
it

Y
pig
A

T

9

FE AEYA HEE psychrometer =¥l

g 27) 99 =

3z
ar

o A

Eal

AZAEH A A3 JAS ABAS 5% W3}

]
=

/B]'

4

S|
&

3}



1. AgF AUy v7|Ad U ESFEEE 3
2 282 AAXA G9s 948 oA RS dAdFe] £ vAM SE B
ANz FAE 22U (33°19'50.9"N 126°42'54.8"E) o] Az U F7F 7+4E& 4xX3mo A

2 Az WA el oF 209489 g EA (Miyagawa Wase)' = SAIFTH
2022 69 239 t¥d AE(Tyvex, DuPon, USA)E ¢ AA] I&Es] EH
(mulching) 75 AR oM, 2= Ao ojw] AX® 2 5 (Inline drip, 50cm X
400m, Jain Irrigation, Korea) & E3 ¢ 2F 7tF 02 2-4E2° 55 B89 9 A
JdAE B3 w98 FZ(PU-1700M, ©42HP, Willow, Korea) & 53 #53ich.

8¢ 15 149 517 thal tad &5 AES HAY

1
_>|’l_'4
w©
Y
D
@)
=)
5
=
o,
l
>

b~
(e}
N
g
N
N
ACh
N
R
b

Fch AN B E 10aT d3F Aa, ik W 7 SE 28, 409 28kg<
= AHE P 99 1def =Y A el FA4 FA7] (Wireless repeater, ZF—
10F, USEM, Korea), A4 4% (Senor Unit, ZF—-8S1/8S2, USEM, Korea) ol & =414
(quantum sensor; ZF—150, LI-COR, USA) ¢} 25X AlA (temperature and humidity
sensor; ZF—100H, USEM, Korea) & AA v} Edrit SFF= A7) Sl 4 A

o] E7HA o] EokFE 3FeFAl A (soil moisture sensor, HA—MO5, Decagon, USA)

i

FREA A pgAbe] Fitel oF 25cm EoF ol (WA Ul Helo F=xo
2 0-30cm ool 96%7F w3E; Katoya, 2000)¢] 121 AATAZHFEH o 30cm
Ao #E ESS & W58 AMEE 9€ 19 mdgn. ESFE FFAAM 1
& Decagon(USA) ¢ 7o) wet USEM (Korea) 2] B4 (Raw = amv + b, mv=
AT A el wet Ao, g AR 9 ESrRdds 1ARE A 02 |

4



Zo] AY7r £ 9¢€ 109FE 11¥€ 309714 =H st 71=8 )

2. 9% B AFEA 5B AY W FEEF 37

o g AR Y] R AHE SASH7] flE 99 1295 H oF 2F A eE 11
2 1797k 63]e AA A 4AFE 64 Alele] AEAF ¥ zipper bagel ¥ Y
H g Fof AFdistu sty o FA s AFAlA psychrometer
sample chamber(C—52, Wescor, USA)e°l A2A17]31 3A1ZF FoF HAA 7|11 =F
microvolt meter (HR—=33T, USA)Z =743 Han et al.(2014)¢] WHoRE F&, A%

W Bge Asketel tebd

3. 454 ¥% 4 3%

o,
4

= 573

SERNE

ot
Iy
N

92 ¢F SHOoRE oF 1583 oF Ay Fof 0S5-FL1 Fui& FF=
A 7] (Opti—Science, Inc., Hudson, NH, USA)E A}g£3te] Fo(x719%

PSII(Fv/Fm) ¢] Hdf &2 &S ST A dol #3d SE2e AAngril
99 229 % A=x7|9 10€ 18¥e F3HAd=47] (potable photosynthesis system,
LI-6400, LI-COR, USA) & ol&3 A & HapA] gl 52 o thaf o7 shupd 674

A 6717l el @ 10FE 114 30% Atelel =483

4. FAFAT H4 AF] Ws SH

09 190] 7 Aeld 3% e A-Fskel A3t 9x0] vg EAS] o 27

HACw wWyojAeH A Mituyo, Japan)E ol&3 #Ae] 274 4

ofN

73

o
|\
o

3.
WA EZ AR AL o]l &8 A=A (fruit hardness tester; Fujiwara Factory,
Japam 2 #HA F NE 63 o 27 AR HAUch Mol A At Az

(Chromameter, Konica Minolta, CR—400, Japan) & #}2A%7]0 11€ 1193 3%

ﬂl



5. ABA & JA 5% 57

QI FAAFERA Y R A S A8 ol&E AEE A AR 3 FAA
71 & —80TC9 A2 WY i(deep freezer, Refrigerant, Nihon Freezer, Japan) ol #
A3k thSof =x8 o2 =474 %7] (Iyophilizer; CleanVac 8, Hanill Scientific Industry,
Korea)® &4 7%x3 ¢, 33 W 35 Al525 80% methanol® 3% F=3F U
Jikumaru et al.(2007)9] W oz Fgd M HAEs=2E 55 9% v HLBM(A
) 2 wax (ol A% 9 cartridge® FAE ARE AT FRIQJIEFH o] Am| T
o] AlE] 2] UHPLC (Nexera X2, Shimadzu, Japan) % MSMS(LCMS—8050, Shimadzu,

Japan) FHIE ol&sl 5743t

6. TAA

FAXZ1% Sigma Plot 15(USA)E o] &3] HHats A4 FIJALSD) #HS o

S|

mlo
i%

.

=]
RUSE |

%ol Duncan’s multiple range test® P<0.05 oA 414 94



B A¥LE phychrometer W oz 259U tgd AE IEAu] F7}d

2127 (Control), A

|
&
Jhi
_YE
—
=
—

o
=3
=

©
)
ox
12
r <
&
ik
4
=
=
+
)
=

<

B

Aol Az I ZE —248MPa 2 #AFh 1099 Ax X9 oz 119 4

O

of ¢ —4.0MPa7}A] Ftastthrh 1149 10¥0]% 2-3¥99 A¢E —1.98MPaZ 3|53
th @9, AE 98 9 JhdFAYTE 99 1296 A TR ¢ —253, —
2.32MPa H331, AAIAQ0 Ao 24U FAF Bop W —-2.677 —2.17MPa
=AY el oA Aol7k AR AAIAJA A U gtk 109 o] Fe &

o pal

ALARl Az IXNE FoT AP el Aoyt uleou, HAdFE -1.96~-

A

2.64MPa® v& Aol vls 2 A& BHAon, ANE dEHeT= 1 Bardto] -
3.29~—4.60MPaz Yottt 11€x7b4 10€9] A& Az IHZ FAE T8 A E
HEA2FE —4.002 —4.70MPacl AR A BdFAE T oju FAH AL JFo
2 —2.82MPa%E YEFATH 11€ 1045E 1297149 A2 FHT 9 AE 35X

2= —1.98% —2.08MPolgloy, AAASFAHYTE A5 a9F —1.23MPaz A

7



m

B

W

42 m7]

9¢FE 11€< #

o)
pARS

| —
R

Fig. 15—169°] Yepf3lct 9€L %2 ggkoz 15U A7}FA]

=
=

ol Wst

3}
=

=]
Run

2,500 umol'm ™ %s™'& Bt} oy

-
R

Aoy, ANE FEA T

[e)
T

it 30-50%<

AelTE 3

T} 2=
-

A
= e

A 2] ek

o
%]:T:

ol
~

30-40%9] w2 FFe B3

o] H4t 1,500 pmol'm %s™!

F

|

o=

ehathh ge

55% 2

ok
=l

NI

S

23] HA 30%7HA "X = 3o o] gt}

2 O SRl mobRuE vl AREHE &

A AFL wol AT AE 52A T

A Ak 1120 ATt HEe] Halzg Hol 10-129 W 19-20Y¢f H]

Hit 1,200 pmol'm % s E 7=

o
e

2o 10€HY o

-
o

E

LER O, Al

=
=

ol A °F 35-40%

104 o]

=
R

2 AT

!

t}. Han et al.(2014)

23!

Fol &8 = Fel

S

NE 2



(google.com/search?q). ¥ A3 33 EL] PPEo| 530 = vAbd FE BAZ o}
ttE Bkttt H A (httpsi//jeju.granddculture.net)©] o] AZxa = 25%0]4e] 3t
S yehd Aow Ao it

Fig. 2—4°& 32 AbFzA o i AHHIE YEFW AT Fig. 29 o ulld e ¢

fis}
—

SRV NSE JHOR 99 1290 FAelTE —0.67MPa, AE A el -

2.53MPa ¥ HA#AFAHETE —1.95MPaZ FAE 9} AJE FEA e Ato]o] {2

29l polz} Qo AE WA T AAAFALT el Aol7h glolrh. 249
o= FANTA A AFEAAAT G2 129 o) Fe) Agolw B FALT

7F —1.01MPa® "ojxla, AE I&EAg o AAAFAHEFY A= —-1.69, —
1.45MPa® 25t G523 ddy) v/ 2 102 25 dAZQ Ao B

P A& Axe] X2 10€ 10€ FA8 W AE I&5AEF+= —1.90MPaz

o

2]
AGE wbde] AARPFAYTE 102 39 ¢ 289 AHAFY JdFow -
1.80MPa& RO, A Ftell {2 ApolE Holx| ¢kttt 10€ 2349 FA =T
T 109 259 Agel g3 A EHte A E f5AYT -1.68MPRETF & —
1.45MPacllom HAJFA T+ 149 oF 283 2399 49 AA AT FFo=
—1.08MPaZ 53t 11€9 4del= 1089 AHH Ax I JFFo=z 11¢ 4
dell FAE gto] FAYT7E —2.02, AE IEAYT —2.20 ¥ WA FFAHYFE= 11
4 399 oF 4B #FoE Esla 1.33MPaz® AT 119 179= 1199 %

7o ggon FATe FA@gAYTE ~1.52MPaclgl o, AE

o

r

B8 4+= —2.00MPas e

Fig. 39 A3l gt sEddldas 2 Ad Fagte]l darh daiA A=
Zhell frelet zfol& yeRHA efgkovt, AE dEAE g rE FA el vl W ghE

el = A3S Btk 99 129 FAH2 5 —2.31MPa, AE I &5A 2|5 —3.58MPa



2 AR BFA T —2.99MPal] g HAAR 12% o] A F9eE 99 249
T2 g —2.02MPa, A E ¥EA2F —2.20MPa 9 ¥ #3548+ —-2.30MPa® 10
4 23U7kA] vz gk o] Fel 1149 4Yel FAe T —2.53MPa, AE IAXHIYT -
2.88MPa % HAAF{FAEF= —2.06MPa S Holth 11¢€ 292 FAYUF -

2.02MPa, A E I EAH 2T —2.69MPa 2 J8#AFA2] 5 —2.06MPa2l b= XSt}

Fig. 49] k2 9doll 129 FAgFelA 1.64, A E J&5A 2+ 1.06MPa 9 33|
28T 1.04MPas AT ANE BT Alole] &8 xfol7b Qoo
NE FiEAe ek AABFA T el Aols vrebubR ottt 99249 % A g
¢} AARFHYTE 1.00MPa 2 0.88MPaZ 23 #ol7F @llar AE H 5

= 0.5MPaZ et 1 o]F o= RE A o)A ¢k 0.5 MPa® A4 3t}

Han et al.(2014)& &5

ruE

oY
1o
=)
>
m
i)
=2
=)
R

Ir
o
o
gt
e
o,
%e,
)
)
r o
>
{0,
folr
A

10



Leaf water potential (MPa)
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Sep. 12 Sep.24 Oct. 10 Oct.23  Nov4 Nov.17

Date of investigation

Fig. 1. Changes of leaf water potential before down in satsuma mandarin porous sheet
mulching cultivation as control (non—sheet mulching), mulching and mulching
+ drip irrigation. Different letters indicated significant difference at 7<0.05,
Duncan’ s multiple range test (n=4)
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Vesicle tissue water potential (MPa)
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3+ b —e— Control
—O— Mulching
—w%— Mul. + Drip

_4 1 1 1 1 1 1

Sep. 12 Sep.24 Oct. 10 Oct23 Nov4  Nov.17
Date of investigation
Fig. 2. Changes of vesicle tissue water potential before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching

and mulching + drip irrigation. Different letters indicated significant difference
at /<0.05, Duncan’ s multiple range test (n=4).
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—e— Control
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—w— Mul. + Drip

Vesicle tissue osmotic potential (MPa)

_4 1 1 1 1 1 1
Sep. 12 Sep.24 Oct. 10  Oct23 Nov4 Nov.17

Date of investigation

Fig. 3. Changes of vesicle tissue osmotic potential before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching
and mulching + drip irrigation. Different letters indicated significant
difference at /<0.05, Duncan’ s multiple range test (n=4).
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15
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Vesicle tissue turgor pressure (MPa)

0.0 1 1 1 1 1 1
Sep. 12 Sep.24 Oct. 10  Oct23  Nov4 Nov.17

Date of investigation
Fig. 4. Changes of vesicle tissue turgor pressure before down in satsuma mandarin
porous sheet mulching cultivation as control, non—sheet mulching, mulching

and mulching + drip irrigation. Different letters indicated significant
difference at /40.05, Duncan’ s multiple range test (n=4).
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®

&S FAYT 0.6, A= FRANT 0.2 ¥ AAVFANTA 0.4

22T Al wkor AE SuATY AAREALT del fo@ Hols)
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o g, AaA e 2719 e FAET 109.83 AE dEA T 107.30.%

32

2

A2 gl zol7b A FABFAEFE 89.72 UE A R Sokth A
FAEES FAYT 0.6, AE AT 04 F FABAFALYT 0562 A bl
Folx7h 99tk 98 2299 WgH ] AE FEAYT] 271FF @o] 116602
O AR folaA Ea AT AR TE ol gl

ojfdt AyE HS W FAEERT 271 @ol 7HAE 9 Aol dARle]
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SEA = 2pol7h Ulal AdA= FALTVE =%tk 108 18Yel= EHA M=

ANE JE5A2 77 022 A Wk ZaA= A 3rel ZpolE HolA k.

FEd wike> AEAZE 8 CuUAE ol&st dAegAE AT 0.F

BAske HAgoln FEA Mart W oUAE steuAR wbre Fsksiukgoltt
WHEEE 700nm F28] S FE olgske FA 19 680nm FE9 3FE FE
o] gst= FA 2 ¥l vk ¥ odA e F= F2 BA 1A Loy o]
9 oUAE S FE NAe 25 AHIE Hol oduAE v AR EA]

plastoquinone®] A&&Al Hi=d ojd] TAst= S FHFolgta S 1Y P =E

4

AEA ] HF FA 119 A54 FF3} AHo] Hh(Schreiber et al., 1994). 454

Fg2 Ao FAHAEG A dist gu] Sl AHE AFst=d (Long et al., 1994),
A ZF Ao A9 s AEH A (Somersalo and Krause, 1990; Lee et al., 1995) o] w&
A=A FH ol & A7) Eiks] A

o] o] 8xE= WEREE Fo, Fm, Fv/Fm 59] =6 Fox QA7F &43] Arg}

i)
2

Qi Aol ekt FHe Fme 9d3 @Ade] gt Aueld et

ot
ot
o

olusty | Fv/FmS Fm# Fool k¢l FvE FmO = Ui o2 g=Ao 25

oo
ol
i

<
ju

HoFA}F (photon) 7} WHgo] o] €%+ &8-S Sd(Kitujima and Bultier, 1975).
Fv/Fm& o2 A EoA tf7f 0.80~0.832] W o] &A3ty o] HE= FA 119

Hdl Fa&S Hepde A% F shuE ¢elA vk (Demming and Bjorkman, 1987).

AFgEtH(Lee et al., 2011). Mantias et al.(2012)2 15L2] ZEo] 2 d4 2] 'Valencia’

e @A 9k ‘Ellendaie’ tangor H%& HJFEHHEAE (Yw) —-4.00MPa o]ste] A&t
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Agos AYd @ FEAAES vedllth o] 2§59 A9 VFAEE FA
Ak T FFC dEl 20 o)F FEAEYAS WA ge AEHu s e
gholl =23l 12a F 183 #hol Ae Ao ‘Valencia® L @AeA Ad

FAe] HEAEQ fEFo AujelA FAIYES fFASHEA Ad HFdE 2
AANEES FHEE Zo] ofF FQFtF(Nakamura et al.,, 2010). Nagatani et

al.(2011) > =Fdgel  Qlo} I FHajel] w2 Hy Fgor  oFHd

JEm AE WEANTE 1099 A%H: AZRGAR TS AL o
ARAE Ase] ot BE A TlA F3} FHow AT ghe] Aolr} gl Aow
w7ko] Hgle},

FAH Y70 99 22937 A<7]el 109 18Ue] 9o FIAETCE WG

=

fo

A2 el S ARE Fig. 7ol yEbElth 949 22¢0l= AHe el o
;L

zfol& uERRA eFgkont, 104€ 18U SAAN 25X Bl AapA el AT
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Fig. 5. Changes of chlorophyll fluorescence parameter as vegetative (A) and
bearing (B) branch in Satsuma mandarin porous sheet mulching cultivation
as the porous sheet treatment in September 22th. Different letters
indicated significant difference at 7<0.05, Duncan’ s multiple range test
(n=6).
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Fig. 6. Changes of chlorophyll fluorescence parameter as vegetative (A) and
bearing (B) branch in Satsuma mandarin porous sheet mulching cultivation
as the porous sheet treatment in October 18th. Different letters indicated
significant difference at £<0.05, Duncan’ s multiple range test (n=6).
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Fig. 7. Changes of photosynthesis rate as vegetative (A) and bearing (B) branch
in Satsuma mandarin porous sheet mulching cultivation as control (non-—
sheet mulching), porous sheet mulching and drip + mulching treatment
during the fruit growth season. Different letters indicated significant
difference at /<0.05, Duncan’ s multiple range test (n=6).
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Fig. 8. Changes of fruit juice soluble solids (A) and acidity (B) in Satsuma mandarin
porous sheet mulching cultivation as control (non—sheet mulching), porous
sheet mulching and drip + mulching treatment. Different letters indicated
significant difference at £<0.05, Duncan’ s multiple range test (n=6).
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Fig. 9. Changes of peel (A) and flesh (B) dry ratio in Satsuma mandarin porous
sheet mulching cultivation as control (non—sheet mulching), porous sheet
mulching and drip + mulching treatment during the fruit growth season.
Different letters indicated significant difference at /<0.05, Duncan’ s
multiple range test (n=6).
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Fig. 11. Changes of fruit firmness(A) and peel thickness (B) in Satsuma mandarin
porous sheet mulching cultivation as control (non—sheet mulching), porous
sheet mulching and drip + mulching treatment during the fruit growth
season. Different letters indicated significant difference at /<0.05, Duncan’
s multiple range test (n=4).
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Fig. 12. Changes of fruit peel chroma values (a; red—greenness) in Satsuma
mandarin porous sheet mulching cultivation as the porous sheet treatment
during the fruit maturing and harvest season. Different letters indicated
significant difference at /<0.05, Duncan’ s multiple range test (n=6).
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4, ABA 8t JA =% W3

FAl AXAEHAS &4 AT E FEV] A d-EydA

|l
N

g AlRE olgdl W

ABA 2 JAS A719k AHEl ¥ FE W3IE Fig. 133 Fig. 14 Yepdct. 9€

mlm

120 G wslel o] FAT 7 AE JEAYFHY 9 s
Hoov Ax Gt AEKE 102 239 ZAIAE RA YT dor AY e
o2 13.4ng/g FWS YeRdTh o] k2 of& A9 <oF 3u7F Her, 11¥

=0 g Wel Ae2 A AgelM w2 ge Blovh, ATt el #Fod Aol

H-5E2] ABAVF A& Z&A 9 F45H+= 5 8 AEHA Z2AA (Rodrigo et al.,
2006). 71+ #HAAE &gt dxed o A& us gz 71 ¥ ABA

Agerd e E -3 d 2% 93-S 31 t). De Ollas et al.(2013)
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ZFE 2 Q Citrumelo CPB 4475'¢] AXAEHA Z7A dte] By JAS UA A

Flo

F2o] ABA F7bll Had e wd Aol gt FEAEUAXAE As W

Beolel 2u7tel Aol 9w Ay @ U ABA  $EFo]  Srbsitha
B 3138t} (Kobashi et al., 1997; Okuda et al., 1995). Okuda et al.(1995) & 2F7}9]

A7 2] FRAAEE, o TFEE, 9F 8 ABA % H o33l A sl
n X = 3ol et BielA % ABA ¥ %7} O—4nmol/g FWo itk o] ®B1e o5
frel ABA % #4> GC-ECDE F43 Ayolty. # Aol E I FE7F 0-
13.4ng/g FWollth. ABA9l ®A#ES 264.32% 48] 1nmold ©F 2.64ngl =
4nmol> 9F 9ngolRtt. 2 A FEAEYAE wa glojA Ho 13ngZ7HA]
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14.55°Brix @ AAA2 7 13.96°Brix= VEFOH 119 179 352 ABA 5%
TAel3} 127.6ng/g FW, AE dEx 83} 254.6ng/g FW % AA 383} 180.6ng/g

FWE2  Bgoh 39 dstsl ol ALY FRAEAAE AR YL

HaAZARE, el ABA $5E S7HA7IE Aol gd ] ssabEe LulE
FAAZIaL 7o) s A FrE ARl Ao AT S At 53], 2

Ao o] thd ABA sEE FAM] ®Hkth 119 17Ul A2+ 169.67,
AE JEA T 1,283 ¥ AHAFH T 706 ng/FW gl & A7t FA el s
ot ol mE Feriel 11€ 26¢€9 HHo A=mm(a) #ol FAHT
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Fig. 13. Changes of leaf (A), fruit peel (B) and flesh (C) endogenous ABA
concentration before down in Satsuma mandarin porous sheet mulching
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VI. ABSTRAT

In this study regarding a porous sheet mulching cultivation for high—quality, stable
production of Satsuma mandarin, changes in fruit quality were physiologically
analyzed to find indicators of the degree of damage according to water stress level.
At the same time, the concentrations of JA (jasmonic acid) and ABA (abscisic acid)
regarding oxidative damage and drought stress were investigated.

Changes according to microclimate and soil moisture content changes were
analyzed using the psychrometric measurement method to measure and calculate the
water potential, moisture of vesicle tissue, osmotic potential and turgor pressure.

Leaf water potential fluctuated according to the change in soil moisture content. In
September, the untreated group showed —1.30 MPa, which was higher than that of
the sheet mulching group (—2.53 MPa), and the sheet mulching—drip irrigation group
(=2.32 MPa). In October, due to continuous dry weather after temporary rainfall in
the first ten days, the results of the untreated group and sheet mulching group were
respectively —3.0 MPa and —4.0 MPa or below, which were lower than the sheet
mulching—drip irrigation group (—2.64 MPa). Also, in November, due to dry weather
in the first ten days, the results dropped to as low as —4 MPa in the untreated group,
—4.7 MPa in the sheet mulching group, and —2.82 MPa in the sheet mulching—drip
irrigation group. Due to the rainfall that lasted from Nov 10 to 12, the figures
rebounded up to —1.98 MPa in the untreated group and —2.08 MPa in the sheet
mulching group, which were still lower than —1.13 MPa of the drip irrigation group.

The water potential of vesicle tissue also fluctuated similarly to that of the leaf water
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potential. The osmotic potential was higher in the untreated group than in the sheet
mulching group and sheet mulching—drip irrigation group but with no significant
difference. The turgor pressure remained constant at 0.5 MPa in October and
November except for the time in September when there was little slight water stress.

The sugar content of fruit at harvest was higher at 14.55°Brix in the sheet mulching
group and 13.96°Brix in the sheet mulching—drip irrigation group, which were both
higher than 11.05°Brix in the untreated group, showing significant difference and
confirming a rise in the sugar content caused by osmotic control.

The degree of oxidative damage according to water stress level caused by drought
stress was investigated by the comparison of the maximum quantum efficiency value
of (Fv/Fm) of PSII, the initial fluorescence value (Fo) value and the change in
photosynthetic rate using a chlorophyll fluorometer. In September, in the vegetable
branches, the Fo values of the untreated group and sheet mulching—drip irrigation
group were lower than those of the sheet mulching group. In the bearing branches,
the Fv/Fm values of the untreated group were higher than those of the sheet
mulching and sheet mulching—drip irrigation groups. In October, in the vegetable
branches, the Fo value was lower in the sheet mulching—drip irrigation group than in
the other treated groups, with its Fv/Fm value even lower than that of the untreated
group. In the bearing branches, the Fo value was particularly lower in the sheet
mulching—drip irrigation group than in the other treated groups.

The photosynthetic rate was lower in October in the sheet mulching group than in
the other treated groups. The concentrations of ABA in the leaf, pericarp, and pulp

were relevant to the leaf moisture stress and fruit sugar content. In particular, the
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concentrations varied according to the changes in coloration, hardness, and thickness
of the pericarp. The concentration of JA varied as the concentration of ABA changed.

In conclusion, Fv/Fm and Fo of chlorophyll PSII and ABA regarding photosynthetic
oxidative damage were found as indicators of the degree of damage according to tree

water stress levels.
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