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Effects of Soil Water Potential on the Moisture Injury of
Rubus coreanus Miq. and Soil Properties

Byung-Koo Ahn*, Kab-Cheol Kim, Dae-Hyanf Kim, and Jin-Ho Lee'

Jeollabuk-do Agricultural Research and Extension Services, lksan 570-704,

]Department of Bioenvironmental Chemistry, Chonbuk National University

This study was conducted to examine the impacts of different soil water potentials on environmental soil
properties related to the moisture injury of Korean raspbernry (Rubus coreanus Miq.). Soil water potential in the
plastic film house plots was differentiated from -5 to -40 kPa. Soils in the plots contained 5.6% of plant
available water. Increasing soil water contents based on the changes in water potential increased soil pH and
exchangeable Ca’* content and decreased exchangeable K' and total N contents. It also declined soil organic
matter content at 9 days after water treatments. Relationship between water potential and soil water content
was given as an exponential equation, y = 96.534 - 20.28In(x). In particular, when the water potential was
higher than -20 kPa (27.5% of soil moisture content), it decreased chlorophyll content in the raspberry leaves,
inhibited N uptake by the plant, and increased phosphorus content with increasing days after water treatment.
Also, as the 7 days after water treatment at higher than -20 kPa of water potential, the root activity of the plant
was significantly decreased, and trunk (top)/root (T/R) ratio of the plant markedly declined until 9 days after
water supply. Carbohydrate contents in the raspbernry plant leaves and roots at dormant stage were the lowest
at -5 and -10 kPa of water potential plots, and it may cause winter injury to the plant.
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oF 71,868 haollA] 357,995 TrEo] AJAlw| 1 ZrpEa =
Aok} 102,000 REEC 2 7 Wo| AAkskar Qlet (Park
et al., 2002).

Al A= v B34 PR 2 = APakeke]
84%%1 12,055 E-& XISkl Qlek, AepEewie] Aol 7|
HiH AT APAFEES 20099 7|0 R IAAY-2 1,238 ha
o] AuHA A 4,694 B AL, ASA| G2 699 ha
oflA] 3,813 &, A9 560 haollA] 2,541 &5 AJAKSITE
E3], o5 37 AH9] AfuiHAa} a2 HepEe XA
e o] 87 Tmo|w, ik 91.6%5 AFASRAL Ut
o= ARl a8l el Foll o3k AR 2009
1,455 hadgl AjujHA o] 20101 1,201 ha& 21.1% 743}
At (A, 2010).
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XA (SKM850C2), Time domain reflectometer (TDR)AIA]
(Aqua—Tel“TDR)Z- S5Aje} B2} Alo]9] XI5} 30 cm 7
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(Ca%*, Mg®", K", Na")-& 1 N-CHsCOONH; (pH 7.0)& 3=
£33 Inductively coupled plasma atomic emission
spectroscopy (ICP—AES; GBC, Integra)E ©|-&3}o] £4
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M A R4S 00l FIR A A 2
AHs BEAL 98 AQFsIHon, AHE AEH A=
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TR 205892 Chlorophyll meter (SPAD-502, Minolta,
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(Hirata, 1990). &, AW EE T2 B2 Ho] Wl
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0}7” =3Il 470 nmoﬂfﬂ FE=E S 2534
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gF &, 470 nm®] oA FHEES ST (Lee et
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Fig. 1. Changes of air temperature, soil temperature and
humidity for Oct. 8 to Oct. 28, 2010.

2t vlsgt o) Qlt. EEAF A7 (pH: 6.0~6.5; BC:
2.0 dS m"; OM: 25~35 g kg s avail P;Os: 350~550 mg
kg ' exch, K, ca®", Mg”": Z1Z} 0.7~1.0, 5.0~6.0, 1.5~2.0
cmol. kg )ETF pHE Wb, S FOIARS onf oA} wker
on g K, Ca, Mg & 7|EHTE =& Holqlth, &
3] l?ﬂ:‘&ﬂii AF%P Aldle-2s 7oA et F
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Table 1. Selected physical and chemical properties of soil in experimental field.

Exch. Cation

Soil texture Bulk density  Porosity pH EC Avail. P,0s T-N
K Ca Mg Na

Mg m’ % (1:5) dS m’ g kg'l mg kg'] ------------ cmole kg'] ------------ %

Silty clay 0.91 56.6 5.3 1.81 1,245 1.36 7.92 3.42 0.11 0.20

Table 2. Incidence rate of insect pest and disease in R. coreanus during the experimental season.

Water Inset pest+ Disease

treatment ot + + Diseased plant ratio Diseased leaf ratio
kPa % %

Control 20.0 6.7 733 333 0.1

-5 20.0 6.7 733 66.7 0.1

-10 20.0 6.7 73.3 80.0 0.5

-20 15.0 10.0 75.0 25.0 0.1

-30 26.7 13.3 60.0 40.0 0.1

-40 10.0 10.0 80.0 50.0 0.1

"Inset pest: Endoclyta excrescens, Paranthrene regalis; Disease: Leaf spot.
“+: one stem damaged, ++: two stems damaged, ++: more than three stems damaged.
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Table 3. Effects of water potential on the changes of soil chemical properties.
— TIZ?;:;m pH EC  OM  Avail P,Os E:Ch' Cat;ng - TN
kPa (1:5) dS m” g kg'l mg kg'l -------------- cmole kg'] -------------- %
Control 5.6 2.10 27.1 739 1.21 6.96 2.30 0.23 0.19
-5 6.1 0.54 26.5 901 0.84 9.13 2.28 0.10 0.20
- 10 6.3 0.45 26.7 654 0.77 9.05 1.89 0.09 0.10
! - 20 6.3 0.64 25.5 875 1.37 5.68 247 0.15 0.10
- 30 6.3 0.57 333 788 0.83 8.52 2.24 0.21 0.21
- 40 5.7 1.71 33.1 1,136 1.17 7.93 1.92 0.16 0.24
Control 5.1 1.77 29.5 662 1.22 6.01 2.73 0.19 0.13
-5 6.1 0.60 303 543 0.94 10.89 2.28 0.19 0.25
9 - 10 6.4 0.42 27.7 660 1.27 10.57 2.26 0.18 0.21
- 20 6.3 0.35 20.5 665 0.61 9.59 2.36 0.19 0.10
- 30 6.8 0.27 219 590 0.68 7.18 1.48 0.21 0.12
- 40 6.0 1.25 324 726 0.80 9.09 2.09 0.23 0.13
Control 5.6 1.28 329 636 1.15 6.66 1.90 0.16 0.13
-5 6.2 0.78 312 803 0.81 12.98 2.33 0.20 0.10
" - 10 6.6 0.76 232 617 0.86 10.40 2.26 0.13 0.16
- 20 6.0 0.52 28.7 723 0.84 5.81 1.47 0.15 0.10
- 30 6.2 0.82 24.6 557 1.26 6.49 2.12 0.15 0.12
- 40 5.0 1.09 309 603 1.02 6.76 2.38 0.18 0.14
Control 5.7 1.35 28.5 689 1.09 6.30 1.78 0.17 0.13
-5 6.9 0.48 29.3 655 0.44 13.28 0.79 0.24 0.13
» - 10 6.5 0.52 24.0 790 0.74 10.78 2.30 0.21 0.13
- 20 6.1 0.52 29.9 757 0.72 13.48 2.02 0.22 0.10
- 30 6.1 0.48 27.3 827 0.78 8.44 1.58 0.19 0.11
- 40 54 0.56 29.1 804 0.73 6.07 1.35 0.16 0.18
Control 6.4 1.90 303 675 1.27 6.17 2.20 0.22 0.12
-5 7.0 0.49 26.0 701 0.52 15.48 1.67 0.26 0.11
- 10 6.6 0.44 21.9 699 0.76 11.80 2.40 0.21 0.09
20 - 20 5.7 0.40 28.9 723 0.83 7.45 1.71 0.24 0.08
- 30 5.7 0.38 26.0 774 0.80 10.43 1.90 0.21 0.09
- 40 6.0 0.56 28.5 775 0.90 6.29 2.35 0.21 0.13
'DWS: Days of water supply.
AL KBHA Ca, Mg, Na o} Rl WOk, 53 §Eel @ 4 i B ABE o 4 itk T B Al
Ao} 74k WABCE ok 4R Belshh AR /b EeRIEIoRE o b Q) ulRe), EYRRE
84 Rt Mo 85)wsk Z7FRE] (Ponnamperuma, 9] A of= Zlo] FRkh 1uR mORRY
1972), olu} 7}g-4 Fe''o] BP0, o} Aol FELPO, S WFS W] PAE BYuAY sruane] B
FEj= o] aY=7] wjzolr} (Lindsay, 1979). AE ot & Tart ok dukdom E¢f Eadol
2|gHg Ca o] 29| 2 Eokgiaro] WokAH (-59t Hashd pREdldE gadith ofdt pEekE
—10 kPa) 4 S7Fh= B3-S HAth EY oA & wxgEe WAS Uehll= 84 EgEEASA
24 ez 245l QJ= Ca o]Lo] 4B =7l ulet (soil moisture characteristic curve)o]g} 3}, ol= EA
7HRE = HekEo] Uehd Aife Holw, o|e} g I BofRe] wet EetAw, BESFY] sRERES &
54 maol| ofste] pH:= sshe 23E EIATh U= T2 AT "Hok Z2 EGTREERAEA B
Edradds ¥4 EY 5 =9 olvd AEel & upe} EelEro] g Wked] R Blast B
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Fig. 2. Relationships between moisture contents and
water potential in the soil studied.
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Fig. 3. Chlorophyll contents of R. coreanus leaves at
11 days after water supply. Bars with same letters are
not significantly different at 0.05 significant level.

T AHE & = gl (3, 2009).

webA] Fig, 2 2 AW BEfpEsldy) A
o] IAE HoE AoR FEIEEY EeESRF AL
olofli= y = 96,5634 — 20,28In(x) 2] A4 AR 0] Ao
A1, o] ZARIE o] 83F A -5 10, —20, —30, —40 kPa
O] SHB R 63 7%, 49.7%, 35.6%, 27.4%, 21.5%°]| 31Tk,
ol2]gh TAAL FREHES o] 8ste] FAsk= A
oA ool th-gol= TEIAFS ST = U= AR AL
449 5 S Ao R HkET (Kim et al,, 2009),

BEUX} EN S :g_T;Lo] o|FZo] A1 1Y U°ﬂ A}
H 2 Fig. 3o Ueht ct, =&
Qo] 20 kPa olitoll STl o] Aol

of —5 kPaol tzAto] ]3] 8,647} THaehs Ao 1}

Epyitt,

o = 24 RS LR s SPAD—chloropyll meter 3t

BEokaH Flafo] LRSS %7}6}3 (Kim et al,, 2000),

ES 2 A o] Alto] )t} (Nielsen et

al., 1995)1l s}gﬂ;ﬂ, ﬂ/& Ze 9 rkadleE A2zt

So4o] gek (Kim ot al., 200031 SHck,
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Fig. 4. Effects of water potential on nitrogen contents in
leaves of R coreanus during 20 days after water supply.
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Fig. 5. Effects of water potential on phosphorus contents
in leaves of R coreanus during 20 days after water supply.
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Fig. 6. Effects of water potential on potassium contents
in leaves of R coreanus during 20 days after water supply.
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6). & TR = e AgtolA sl et

= #a FHol EREAY
2E Z7PFR e o] A2 —40 kPa A 2]qtollA]
= A #Asin ol AdAoR EgeEd W
of wet BEAL AEAY ZE SFEE AT w2 A
o= FWohEth Kang et al, (2008)2] dtollA] —15 kPa
Ae]ot Hrt -30 kPadl —40 kPa A 2|tol|4 EntE o
w7t dAs] Sk AL e 29 A AEAd
() FEghgo] didor 7ashy] ] d=rt

aea A7IZE Aol wE ] ZRUR QoA
O] P, K, Ca, Mg®] o2 thx+to] Hlsl Holgley, =
% 919) NEFE ol7} gtk (Kang et al., 2010)7 3
31, Kozlowski and Pallardy (1984)+«= 25%2] Al&EofA]
A B F7IA Aol N S5 AR A1} 1852
B4k B, 55E 71 2% Al g wsiy
. olge Ayl AE7bof| No| F5 HHol| Aot 9l
£ oR wa glon, A} K S 2o o
A=t (Lawton, 1945),

58] B0l vk EE RS P55} ol
7431t} (Kang et al,, 2010; Carperter and Mitchell, 1980;
Ro et al., 1995; Tripepi and Mitchell, 1984), ¥a]&g o]
s e AeoRE A% A SR Moz
dsHA ghitE]A] Fahr] ZlE], 2 AdolAe A7
W SEPES b 3 3 memeEs 235 slstol
At e 7 &FEA] s AfFsksleh. BEA
HElEAe A8k 20~25 cm, 27 120 cm Woll £ (Fig,
DEI, Welkee TIC BelEo R SHa (g, 9).
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Fig. 7. Distribution of R. coreanus root.

Folek EFEA vAe 9F 173

ARSI, o] s Hejdeo] "olxl Ao
2 UeEhth BEgExzde] I 24 (-5~-20 kPa)¥
o 9UAZHA] FaFo] FAL, T o|FHEE AP ET)
ohkabA] MY E|glet, Rz el o] —30, —40 kPagl
7899 tizol A Hejgkele & Ape)7t It Harr et
al, (1999)9] Hi1o] &JshH whzof & stressE LA
I 2%, =%, gud, vt ol digk A7t
lon E3] He|Rri= £7]9 AAI7E skt
O, Nam et al. (2005)% EpEo| Wolx|H My
i} 2740] gso] AxfstA HolxlthaL siqit, L=
BollE Har Al B FASHA AstE=
A4 Ut (Kang et al., 2010).
HzEl ol whE BEAL Aot e dSdEHE =
ALaE7] flate] 24Kl digh #elHlE (T/R&)S AR
ot (Fig, 9). T/R&S 275 Aot FEFFS Al
25t 9UR7IA FA8] sttt 1 o] SR EE g
HES Btk & 58 stress® Qlsto] 27]ofl= Bl
o] E3HEIL 1047 RE = B2 A o] PR
glo] HolEqirta whErh, dubdor AgAAl A

Aol A
o] O]FOIA|TL Qh= A T/REO] 1.0 ol4kel Wh X4
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Fig. 8. Effects of water potential on root activity of
R. coreanus during 20 days after water supply.
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Fig. 9. Effects of water potential on top-root ratio of
R. coreanus during 20 days after water supply.
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Table 4. Carbohydrate contents in shoot and root of R
coreanus.

Treatment Shoot Root

kPa
Control
-5

-10

%

342
272
272
31.0
42.6
39.8

=7 Uehhs Aol ¢
SRR Ayl aie
7] SpBl A TEA WYL g4
Z7H7IAY TRSS AT, of
o ARl F7Ie

At} (Kang et al., 2010),
A A
ol Ak

o]

fi

E}E} N, P, K, Ca, Mg, B, Cu, Zn 53} Z& &
ol W3t (F7F = f4a)7F Yehdth (Close
and Davidson, 2003; Smethurst et al,, 2005).

4B stresso]] 93t BEEALO] E&E o|&3lr] ¢5ty]
A, S dol Y # o]Fo BE&A *‘“’Xﬂ«l =7
wele] SRshEREe ZARIIC (Table 4), FHF
Bldo] Z715E 2719k Hele] satEgo] 74t
Fm3zdl o] —303F —40 kPa®] 7~ thztet Hls:
ot Eglere Urehliole), Szl do] 5o}
39 S8 stress7} WAl H4EHEO] Y
of FAHOE Aol I Ael el vlmd w) wat
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