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Abstract

BACKGROUND: There’s a long rainy season during the
Summer in Northeast Asia, including Korea. Heavy rainfall
during this season causes harm to tree’s root, and damped
injury in the pear has been continuously reported. Pear
Research Institute is breeding damp resistant rootstocks and
investigating their mechanisms to relieve damped damages
in the pear.

METHODS AND RESULTS: Seedlings of Pyrus betulaefolia
and P. calleryana were divided into two groups: control and
damped, respectively. Damped group was treated by
constant irrigation for 77 days and control group was
maintained to keep the soil moisture pressure between 0 and
—10 kPa. After the treatment, we analysed trees’ growth
rate, chlorophyll content, amino acids and total phenolic
compounds. As a result, P. betulaefolia was sensitive to
damped treatment while P. calleryana did not have
significant differences between the control and damped
treatment. It was observed that total contents for phenolic
compounds were dramatically increased in P. betulaefolia
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while trees’ growth rate, chlorophyll b and general amino
acid contents were lowered by damping treatment.
CONCLUSION: In some pear cultivars, growth habit is
suppressed by damped damage. Pyrus calleryana displayed
tolerances to damped damage in growth rate and some
organic compound contents compared to P. betulaefolia. So
we recommend to exploit P. calleryana as a pear rootstock
rather than using P. betulaefolia.

Key words: Chlorophyll, Damped, Phenolic compound,
Pyrus betulaefolia, Pyrus calleryana
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o Aat¥]y, A Ul T EdBS el wl(Pyrus
spp.)elAd Aeldsizt Wol WASTHByun et al, 1978;
Haber, 1983; Lee et al, 1989; Tamura et al, 1995;
Kang et al, 2008). Hljol] Yebh= Azdsl] 2 291 1
G ThFeHAIRE Arbrle] Faek 1 59 i T aklo]
Ae)dael WAshAl e QIS AoE oAZIL. 53]
TS IRl Il AETE ol L whaalAls 3t
A73sh Aol il HE](Tanabe et al, 1977, 1978;
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Table 1. Comparison of Pyrus betulaefolia and Pyrus calleryana seedlings height between normal and damped culture

bed
) Tree height of seed- Tree height of seed- 9 10
fClassr lings on initial stage” lings on grown stage” Growth Rate™ (%)
ication
Control Damped Control Damped Control Damped T-test

]311‘ us d) +4%%€)
betulacfolia 25.1+1.0 24.9+1.6 49.8+1.6 38.7+1.2 98.4+1.3 55.4+1.4

Eyrus 344419 36.4+1.2 61.7+2.4 64.9+2.2 79.4+2.1 78.3+2.3 NS
calleryana

T-test N/A? N/A N/A N/A » »

* Initial stage of the tree growth, before transplantation on the bed.

Y Stage of the grown for 77 days on the bed.

9 Growth rate means percentage points from initial stage to grown stage.
9 Values represent means + standard error (n=30 for P. betulaefolia, P. calleryana, respectively).
9NS, ** and *** indicate non-significant, significant at P*<0.01, P***<0.0001 respectively.

7N/A means non applicable for the T-test.

sodium carbonate 1 mL< 21 tHA] 224 4o 2 h wk
& A2 % 725 nm 3ol FHEE S5l T EEH|
w555 Sl tHSingleton et al, 1999).
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o] 7)1 A= E5%7](HS-2000N, Hanshin Science,
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gtrse] f7lo] v SEATIE S 33 whgstol S
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Table 2. Quantitative analysis for chlorophyl contents in the pear rootstock (Pyrus betulaefolia) seedlings affected by

excess-moisture injury

Chlorophyll a (mg/£)

Chlorophyll b (mg/£)

Classification

Initial® Grown” Initial Grown

Control” 28.5+1.4% 29.2+1.8 13.2+1.7 57.9+4.1

Damped” 29.2+0.9 29.8+1.0 14.10.3 42,5429
T-test NS NS w4t

* Initial stage of the tree growth, before transplantation on the bed.

Y Grown stage of the grown for 77 days on the bed.
9 Grown by conventional farming in the normal bed.
9 Values represent means + standard error (n=10).

? Grown in the fully water filled bed.

NS and ** indicate non-significant, significant at 7**<0.005, respectively.

Table 3. Quantitative analysis for chlorophyll contents in the pear rootstock (Pyrus calleryana) seedlings affected by

excess-moisture injury

Chlorophyll a (mg/£)

Chlorophyll b (mg/£)

Classification ) b) "
Initial Grown Initial Grown
Control? 31.2+04Y 30.0+0.8. 22.1+0.6 58.2+1.4
Damped” 31.5+0.5 29.9+1.9 21.7+0.7 56.9+2.2
T-test INER NS NS

“Initial stage of the tree growth, before transplantation on the bed.

®’Grown stage of the grown for 77 days on the bed.
9Grown by conventional farming in the normal bed.
DValues represent means + standard error (n=10).
“Grown in the fully water filled bed.

NS indicate non-significant.

EQF 379 Higle Qs ndE 7] Wste Hele] g
o] AfHAY FofEo] ] FH7t F o]FoxA] ¢
¥ A Do) Wolxm] A= aAkeHA H=d|, 73911
ArAE e ol A AEE] 2 Afol7b yeptA| ¢
© Ao Hol W7k g Ayt A=AE 1A A
TR BEYRES HeATIAE Xoke AR ddkdnh s
o el wE F8 REErt ERIFEgEd P
calleryana= F-A 23} A bl A Msbt A
A YepA] ¢k Al vlsto] P betulaefolia= A5 2l
o] AEro] B TR AA AA4ste] P betulaefolia’t
P, calleryana®l vlato] Fafjoll Wigtsiths A2 WE
ANTE HE A7) AEE gRskA] E8H7] ulEel H
T AES U FE VAT 2 AIFAAE v &
@717 HFAEE FIAME MUF F3] FENAEE

e 7 Qs AoE AAXM 7EAR] Al A%
& sks e & v A5AANE P calleryana’t P,
betulaefolia®l Heto] 7 &S v 2 44317] wiiel
Falld o st Fo= wohdck

Ex2oll 2et RIS S Hat
5L G e

Q54 FelE A=2ast GB4bY FAZ| T

et G52 l] SRk v Skl et Aozt
ASARE 30 mg/L el 9] vl e g ®elow, <
Sabo] FE A Sl Zel7h yehdt P
betulaetolia’t P. calleryana®)| vlsto] ©F 40% w2 13
mg/L U9]9] k& BothTable 2, 3). =54 FAZ )
oM AF2al] A wivE F1kel Aol7k flo] B %
7158 o] o] wet & xpol7h vehA] FkARE
=42 bl B Aol Aol wt FAFl A 57t
STk ey As4b Rkl QloM v FE Rl
Az wE Zpol7t BEE = P betulaefolia®l 73
§ FAEFAA 7] 954b o] 13.2+1.7 mg/LolA
A F 579+4.1 mg/LE OF 444 F7F8IaL dpsA gl
A& 14.120.3 mg/LellA 42.5 mg/LE °F 3u) F7kst A
ol Blateq, P. calleryana®] 7-f-ol= Aol #AI%le] A=
2be] §Fgol 22 mg/LellA 57 mg/LE °F 2.6 S7leh=
2O 7 ZAFE|tHTable 2, 3). H|Z F E7k] 924 a9
g Aol A WA AARE H54bY] R P
calleryana’t P. betulaefolia® T} 33t 75 mg/L, °F 1.6
o 7hE 2700l o] B oS HAE 20® vERTh 27
of F &1k Hd5ab I A7t WP offr= Foll ut
T AGEE Aol & Qdsto] d5ab FAF Aol AR
d Ao ddusd, 7 F2 77U ASAIA v £
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Table 4. Comparison of polyphenolic coumpound contents between Pyrus betulaefolia and Pyrus calleryana seedlings
in normal and damped culture beds

Polyphenolic compound contents of Polyphenolic compound contents of
o Pyrus betulaefolia seedlings Pyrus calleryana seedlings
Classification > 5

Initial Grown Increment” (%) Initial Grown Increment (%)
(mg/mL) (mg/mL) o (mg/mL) (mg/mL) ?

Control 11.3+1.4 52.3+2.2 462.8+ 8.9 12.1+1.8 75.742.6 625.6+21.9

Damped 6.4+0.8 60.0+1.1 937.5+27.0 10.9+0.8 67.2+1.3 618.5+10.5

T-test N/AY N/A N/A N/A NS

* Initial stage of the tree growth, before transplantation on the bed.
Y Grown stage of the grown for 77 days on the bed.
9 Increment means increased rates derived from the pairwise comparison value of polyphenolic compound contents
between initial stage and grown stage.
YN/A, NS and *** indicate non-applicable, non-significant and significant at P***<0.001, respectively.

Table 5. Comparison of physiological fluid contents between the normal and damped pear rootstock (Pyrus betulaefolia)
seedlings

Contents (mg/kg)

Physiological fluids

Normal” Dampedb) T-test
Phosphoserine 11.54+0.439 10.02+0.91 Ns?
Taurine 2.01+0.26 1.81+0.40 NS
Phosphoethanol amine 5.65+0.53 5.21+0.47 NS
Urea 0.71+0.04 1.23+0.78 NS
Aspartic acid 14.54+1.29 9.66+1.65 *
Theonine 0.98+0.17 0.81+0.25 NS
Serine 3.12+0.13 1.86+0.43 *
Glutamic acid 26.51+1.17 14.21+£2.13 **
Hydroxy proline 1.20+0.13 0.31+0.11 *
Proline 1.11+0.07 0.42+0.20 *
Glycine 1.97+0.29 1.55+0.36 NS
Alanine 12.56+0.18 6.92+1.53 **
Valine 9.19+0.48 7.15+0.41 *
Isoleucine 0.49+0.31 0.20+0.13 NS
Leucine 2.67+0.42 2.98+0.21 NS
y-amino-n-butyric acid 5.40+0.02 1.13+0.05 x*
Ethanol amine 0.95+0.71 0.61+0.41 NS
Ammonia 82.89+2.79 41.06+1.28 *
Hydroxy lysine 0.25+0.19 0.19+0.16 NS
Arginine 2.12+0.43 2.51+0.29 NS

>Normal Grown by conventional farming in the normal bed.

Damped Grown in the fully water filled bed.

Values represent means + standard error (n=5).

NS, * and ** indicate non-significant, significant at /#<0.05 and /*<0.01, respectively.

S AAEE S dEab o] oF 578 mg/LOe® A 26% 7 {Aad Aotk ANkH o R HE4adt AF4b
oAl FAEE Aow Ho ]'Pyrus Lol 4] A=radl A= o] H§S AEo] 29} kAo A-Lah= x%l}_ IBESR
Zbe] g9 ol 12 (#=0.0038, A=0951)& et ks Aow AduA il okellA FHEe] oJgt 54
o ey dE5AEE sigle A9 7 Sl d54b A& atolel| oJ&to] P petulaefolia’t P. calleryana Xt
ol frelmshAl WMaketgli=tl P. calleryanali= -4 Fafoll  FHekeh Zlow ddslal #2 WEoR P
2w 2 A eLelr d54ab ok Wkt frejvlstAl v betulaefoliai= P. calleryana X.th 35l o]t d3l& H
ERA] QEQEOV} P betualaetolia®l 735 HEAE 8IS o wo] Wlow o]7 ol3le] PEAip ko] Zojrl AL
A=4b Fpol FAjelLel Hlsko] 26.6% Hasiion] o soto] A=A FRITE dgel JelidE MskES o

A= P calleryana®l 952 bel el nlsiE oF UK Givinish, 1988).
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Table 6. Comparison of physiological fluid contents between the normal and damped pear rootstock (Pyrus calleryana)
seedlings

Contents (mg/kg)

Physiological fluids

Normal” Damped” T-test
Phosphoserine 12.94+0.52° 11.24+0.93 NS
Taurine 2.19+0.28 2.01+0.20 NS
Phosphoethanol amine 6.15+0.83 4.76+0.71 NS
Urea 0.00+0.00 1.32+0.87 NS
Aspartic acid 16.44+1.30 10.07+1.31 *
Theonine 1.15+0.04 0.70+0.15 *
Serine 3.45+0.13 2.06+0.36 *
Glutamic acid 30.05+1.71 16.16+2.31 o
Hydroxy proline 1.07+0.12 0.54+0.31 NS
Proline 1.51+0.09 0.49+0.26 *
Glycine 1.85+0.15 1.21+0.26 NS
Alanine 11.52+0.63 7.12+1.34 *
Valine 8.97+0.38 6.51+0.50 *
Isoleucine 0.45+0.23 0.00+0.00 NS
Leucine 2.96x0.10 2.85+0.61 NS
y-amino-n-butyric acid 4.54+0.03 2.35+0.25 *
Ethanol amine 0.00+0.00 0.67+0.44 NS
Ammonia 85.72+6.48 58.66+8.98 NS
Hydroxy lysine 0.26+0.14 0.20+0.13 NS
Arginine 1.09+0.41 2.26+0.39 NS

Y Normal : Grown by conventional farming in the normal bed.

B Damped : Grown in the fully water filled bed.

9 3Values represent means + standard error (n=5).

NS, * and ** indicate non-significant, significant at /<0.05 and P*<0.01, respectively.

Table 7. Comparison of protein hydrolysate contents between the normal and damped pear rootstock (Pyrus betulaefolia)
seedlings

Contents (mg/kg)

Protein hydrolysates

Normal” Damped” T-test
Aspartic acid 0.401+0.011° 0.314+0.012 4
Threonine 0.215+0.005 0.199+0.007 *
Serine 0.189+0.003 0.168+0.006 *
Glutamic acid 0.511+0.012 0.47+0.010 *
Proline 0.227+0.006 0.200+0.005 *
Glycine 0.259+0.003 0.221+0.005 **
Alanine 0.281+0.005 0.243+0.006 **
Valine 0.247+0.009 0.243+0.007 NS
Isoleucine 0.143+0.006 0.120+0.008 *
Leucine 0.415+0.012 0.309+0.013 **
Tyrosine 0.110+0.005 0.107+0.007 NS
Phenylalanine 0.255+0.003 0.229+0.006 *
Histidine 0.071+0.002 0.069+0.003 NS
Lysine 0.171+0.003 0.140+0.002 ok
Arginine 0.234+0.006 0.213+0.007 *
Cystine 0.029+0.001 0.030+0.000 NS
Methionine 0.078+0.003 0.077+0.003 NS
Tryptophan 0.018+0.005 0.019+0.004 NS

“Normal : Grown by conventional farming in the normal bed.

®Damped : Grown in the fully water filled bed.

WValues represent means + standard error (n=>5).

INS, *, ** and *** indicate non-significant, significant at /#<0.05 and P¥<0.01, #**<0.005 respectively.
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Table 8. Comparison of protein hydrolysate contents between the normal and damped pear rootstock (Pyrus calleryana)

seedlings

Contents (mg/kg)

Protein hydrolysates

Normal” Damped” T-test
Aspartic acid 0.427+0.009° 0.370+0.010 *d
Threonine 0.227+0.003 0.203+0.007 *
Serine 0.207+0.003 0.193+0.007 NS
Glutamic acid 0.527+0.015 0.460+0.015 *
Proline 0.197+0.003 0.170+0.006 *
Glycine 0.257+0.003 0.220+0.006 **
Alanine 0.280+0.006 0.243+0.007 *
Valine 0.267+0.009 0.233+0.007 *
Isoleucine 0.220+0.006 0.187+0.009 *
Leucine 0.437+0.009 0.377+0.013 *
Tyrosine 0.120+0.006 0.123+0.007 NS
Phenylalanine 0.287+0.007 0.243+0.012 *
Histidine 0.080+0.000 0.067+0.003 NS
Lysine 0.183+0.003 0.157+0.003 i
Arginine 0.243+0.007 0.223+0.007 NS
Cystine 0.030+0.000 0.030+0.000 NS
Methionine 0.087+0.003 0.077+0.003 NS
Tryptophan 0.023+0.003 0.027+0.003 NS
“Normal : Grown by conventional farming in the normal bed.

®Damped : Grown in the fully water filled bed.
C)Values represent means + standard error (n=5).

9NS, *, * and ** indicate non-significant, significant at #<0.05 and P*<0.01, P**<0.005 respectively.
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