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Abstract: This study was conducted to evaluate the effects of cylindrical paper pot
(CPP) size, irrigation method and irrigation frequency on the early growth of ‘M.26’
as a remarkable rootstock of apple in Korea. ‘M.26" was utilized into 2, 3, and 4-inch
CPPs, watering with overhead irrigation, subirrigation and their mixed method, and
irrigation frequency was 1 time or 2 times every four days. Evapotranspiration amount
of ‘M.26’ rootstock on July 25 and August 25 was 6,821 g/m*/day and 7,718 g/m*/day,
respectively. Leaves number of ‘M.26" in the 2-inch CPP treatment were increased by
23.2% than that of control (no CPP treatment), and leaves length 60.0%. As compared
to control, leaves number, dry weight of leaves, and root length of 2-inch CPP watering
overhead irrigation (2CPP-O) were increased by 23.2%, 60.0%, and 12.8%, respectively.
Compared to control, leaves number and leaves dry weight of 2-inch CPP treatment
watering 4 days interval with overhead irrigation method (2CPP-W1) was increased
by 19.1% and 60.0%, respectively. These results indicated that when ‘M.26" rootstock
applying CPP was planted in 2-inch CPP, and then watered every 4 days with overhead
irrigation method, it increased the growth of apple rootstock seedling by improving
growth of root and leaf.

Keywords: Apple rootstock, Cylindrical paper pot (CPP), Leaves dry weight, Leaves num-
ber, Overhead irrigation
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St HEZ QAHRER HEE ol8d HET HEHE ARSStL qitHi]

ARE HIRSE R BEE AR F QiR vje] G7IzF AEng BEo] 7] & W o] Fa5tH oA
HEO 27| 35 floiAE AEE A 2 A & BHE A& /R 2] AEES AYHE o] 85|t
Qo] FEste] MAAZ]IL gloH, fEAR] & FF2 ‘MO ‘M.26° 50| UrH3]. AFE2 JFHAS o]-85to
HEZ gAeta glom HEO] BAMIS Eol7] HoliAe WA Al IS AT & e EY 2 SEEE7E ST
ALk /gt Fof| 4] ofE Al A4k abscisic acid, ABA)Q] A48 HE=0] Wat LS IAZE itk LA Qlo] diEue] WU
e HE5 AT E4S A T8 A ajlelgt T 4 QUtH3l.

A E-L 52 EQFollA WA O R Aol Qo FURANA AZoHA HHA HES] AF&o] B
5O Aol HATTH5]. HEO] AR URleRE HE 2 A] HukH HejoA YA ok= hydrogen cyanide®t 22
&40l oA =HAWe EF W WS Hddto] FeHA =7 fiEeR dEA Urte,7]. o] Yol EFelut siF9]
Q{0 HioljAZl A HIF WA Fh8). ol2fgt BAE sidst ] Yol LAEA g2 HEGA HES
YAkste Aol ookt HE PAA 7 yE Aoz 8517 o). wEtA Aty B4 Al FEZE SXE ZES
8ol B AQtEglom, XEW O] AR AR o5t AZget AR EFogRE FH HafFolyt
Holg| A QAE WAY & Q= AR LA AUTH9.10].

U AEES] XEW A4t Qo wet BE A4S Yol o|FA $HO9,10] T ZEH PR 5 JEI]
Aoyt BEFY Fofl thet At vingh Aot AHES ZEH R Ak foiAls BE AT JAHdS 2%
ot B S AT £ e AEY 243 HEiol asitt3). YvtHoR REH Aul A Aot HE dEE

il

FF0l0], HERA, A4, 124, ALeolE 52 Any TET0, YP4 £71RE TIUT|ole} HERAT} Hol
heE AEolA B44 8 E7]4o0] $4ste] REO| Be] Ago] AMTTHI. EF UEF Fo|EE (cylindrical paper pot,

CPP)E ©o|-&5to] Qo0](Cucumis sativus L) HES Aufst= FF 27| e S| EXHT12]. AAEHES FEHE F2
o] &5HA HEE HZo] A&y} Pikg thigo] Ao 9 AFEh £ 5= QUtk ‘M262 ‘M9 BHEo] AltEE Aito]
AMgShE tEAQ] PYHECR MoHETH Yg/do] okl MAlgo] 4okt Wto] il Bej7} oFsltt(3,13]. IS
A](super absorption polymer; SAP)= AWAE2] AER &8 uf, EFF== 7AstaL BaAdo] ZfAE ] A1E9] RoHE B&
o] /A== AoE AHA UrH14].

FEZF F319 CPPE 0|88 A F2 QAFE FHOE FHSH A E81H BAS FHoE JIP= AT A9
SH+= 259 FRF0] =2 Zol7t glont 30~609 FE9] 717 B3t o] HAARE HhES 1-2W HE AQF= HZ Pt
H L7 SHeb= ohE dEpe] 8 ETH11,13]. S ZEHE AYuist= THFoNA 7P o8 2 HiE9)

FAES 53} JES TEsh= Lolth Ha et al [10]0] Fuji/ M9 HEHE ZEHE S4517| s daAHls:
of WLt 7|2 AFE T oy B el AS S 913t Ate 39 v glrk CPPE o]&5te 49 B9
5ol AAAZIAL[12], AE] SAPE YRR ARESt= AF 57143 BpdE JiAshs Ao® LA QltH14]. 3],
THES ZEHE £ T 27| ASoA $EIE = tE5e] I 9 S| wj e Fastng iRl ik 3
HE YoliAs Aol AEE CPP A7u ¥ o] Bt A7F oot} wehA 2 A7 ‘M26 tiES HAA7]7]
913l SAPR} A& HES T JEZ FXE 957 FoIXES A7), ¥ U 2 B 710 gE 194 ‘M26 tiE9]

Aee 2ATT.
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£ A= ddichy BEsFBAARE HA F23)00 AR Fe24NA 20239 7d7E 987HA] °F 371 F<t
SUET. BATEE AL pumila)E Ol SFHAT, B0 ASHE EE Mas (194 BT Sufze ol
of ARSI} FAIEFS HAo)l8 AFE (commercial substrate, CS; Shinsung Mineral Co., Ltd., Seongnam, Korea)2} SAP (Terra-
green Co., Ltd., Hwaseong, Korea)E Z}Z} AALR} BAIZH ¥ Fof dho} AR8-519 11, CSe} SAP7F 23 AE(CS+SAP)YE Al
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Table 1. Properties of materials used in this experiment

Materials pH (1:5) EC (dS/m) Bulk density (g/cm?)
Commercial substrate (CS) 6.59 0.59 0.33
Saturated super absorbent polymer (SAP)" 5.64 2.26 0.93
CS+SAP (96%+4%)" 6.37 0.71 0.38

YA saturated SAP means a SAP swelling 200 folds after adding tap water, ?CS+SAP was used as a substrate in this experiment.
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HUEF Fo|XEQ IV SHE IE T7] 5L 185t 2, 3 W 4 inch 7|2 A&st] A= Z42E 2 inch CPP
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UEP SOIREQ A7|= §HE ZE F7] 52 12519 2 inch®} 3 inch= AZSIA, A2 &P FO|LE FA
FES EAEEE st Yd& ’3’15-—5 et & S5, ARFEES AASETh A2t CPP 2719 ¥ Bl
w2} 2 inch CPPOA] 43 %] 2]7(2 inch CPP applying overhead irrigation, 2CPP-O), A3~ 2|72 inch CPP applying
subirrigation, 2CPP-S) @ FA}- A &gt 2|72 inch CPP applying both overhead irrigation and subirrigation, 2CPP-OS)
=, 3 inch CPPO|A] AT ?ﬂﬂ:ﬂ-@ inch CPP applying overhead irrigation, 3CPP-O), A3~ *]2]7(3 inch CPP applying
subirrigation, 3CPP-S) & FAF- A &3<= A 2]94(3 inch CPP applying both overhead irrigation and subirrigation, 3CPP-OS)
= Aotk AliEe] A7[E dY SIS 7Y 259 8 240] A4 2ARE & A H IS SE6IH HEe
W F71e ST A Al ZEH O AT o] He A7 49 VIR0 R By 7|5 AT diRY e
Zk A7 SHARFo 2 A5, FATsE 4 A ZE BHo| 49 7HE0F 59, AuTeE XE 5SS
3 4 7HAC 8 FFOIROH, T AW S STATY] 50%= FHCE, 50% e AHTTE 49 M40 % FHT
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2 79 2597} 89 2590 77t ZARE & S 2719 B AASIGTh ZAE BEFS APA F 4Y 70w B
F715 AT AEFHCPP-W1)QF TS 50%% U 2 ZHE02 T 718 AT AE|7H(CPP-W2)2 FEato] A2+t
L 2 inch 37]9] CPPo|A] 2CPP-W1 A &]F&} 2CPP-W2 A+ =, 3 inch 37]2] CPPoj|A] 3CPP-W1 X &]F2} 3CPP-W2 A E]
TE I HHE S ARSI

ZA S
309 7HH 0% 89 243} 99 24%0] & 23] SAEQOH, BEY| AL AEE AL T,
A}t 5L FHFLE G54 =37|(SPAD-501 plus, Minota, Tokyo, Japan)E&

AS4 FFE ALSIATIS). BT G2 9] 43} PF S

o] B&S AR S8l 247 3t Bejo] AESS ARSI

SAIAE= SPSS (ver. 27.0, IBM, NY, USA)E ©]-&5}9 Duncan 534S ol A&7t BHge] |-I3& A5kt

A AIF 717 Ee] BRVNL, ABE D ARARE 53 2L 7ARE Table 29} 2k 13 4197
THAA F 302 A 79 250~89 249)9] BRLE, AUSE R ARAGHE 247E 27.0°C, 79.9%, 7.1 hridayS, 27 A 713
(A F 31~608 AT 89 259-9% 24Q)0l 77 23.2°C, 84.3%, 5.0 hr/dayS VR A17te] Azjo] met 7] LS

HASAL, s 22k 2AIA &9kl RAIMZ Wt

Table 2. Changes of temperature, relative humidity, and sunshine hour for this experiment

Period" Temperature (°C) Relative humidity (%) Sunshine hour (hr/day)
July 25- August 24 27.0 79.9 7.1
August 25-September 24 23.2 84.3 5.0

"Temperature, relative humidity, and sunshine hour were based on data from Korea Meteorological Administration, and their value averaged by each
period.

olN

APHAIZTE AR s AR ZEQ] S, SAME B SIS AISIITH(Table 3). 749 2593 8¢ 25U FA4FSS 242
5,245 g/m*/day®} 4,049 g/m*/dayS, SUFL Z+2 1,576 g/m’/day®} 3,669 g/m’/days, ZSYHAFFS 217} 6,821 g/m’/day?} 7,718
g/m’/dayE YEHRITE A4 270l S8l Worou AA & B9 o] WAstHAl SRR A4S, Wil Sk
= AA AFHG A & 318 F3 Al S7F6HH 78 259 AR ARHIE] Slo] glo] SAMAREo] obd AAF o] o9
50 EAH7) ORI ZE U ST oFt RARE TR FUEAC o] YEhEth BhHof 84 25U A=
AR O] Qlo] HASHAA Sy} AN o] ) A= EAaH|Fol FI6te] SR § AEY FRAHFe] S5
oh 79 2593} 89 25Y0] RAME FHANEFE 9EF FoIRZEC] AAEH A E] Hpdo s HASHth

HEY FO0|ZE 37|E MathFe| Ws

DEY FO|RE A7H AT R 2] B ¥l WSIITHTable 4). 8 259 ZALOIA CPP H2) 7] AT} Ha] ABFL
Z¥7} 5.9~6.5 cm@t 1.2~1.3 g/plants UEFH o] thR7e} BT uf, 22.9~35.4%2} 20.0~30.0%%] S7F5H L, 2CPP A 2] A4
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Table 3. Evapotranspiration amount of soil water in the substrate planting ‘M.26’

Date” Evaporation Transpiration Evapotranspiration
ate
(g/m?/day)
July 25 5,245a° 1,576b 6,821b
August 25 4,049b 3,669a 7,718a

YEvapotranspiration amount was investigated on July 25 and August 25 for 4 days, ?Means with same letters within a column are not significantly
different by Duncan’s multiple range test at p<0.05 level.

Table 4. Growth of apple rootstock in the various size of cylindrical paper pot (CPP)

Chlorophyll content  Number of leaves Leaf length Leaf width Leaf dry weight Root dry weight  Root length

Treatments”
(mg/100cm?) (ea/plant) (cm) (9/plant) (cm)
August 25 (31 DAP?)

Control 3.702” 21.8b 4.8b 3.2a 12b 1.0b 13.8ab
2CPP 3.77a 23.8a 6.5a 3.7a 1.9a 1.3a 15.2a
3CPP 3.70a 19.4b 5.9a 3.6a 1.5b 1.2a 144a
4CPP 3.63a 15.6¢ 5.9a 3.2a 1.7ab 1.2a 11.5b

September 25 (62 DAP)

Control 3.70a 24.1b 5.7a 34a 1.5¢ 1.4a 14.8a
2CPP 3.70a 29.7a 5.8a 3.6a 24a 1.6a 16.7a
3CPP 3.77a 23.6b 5.7a 3.7a 2.0b 1.7a 154a
4CPP 3.57a 24.1b 5.8a 3.7a 1.9b 1.6a 14.8a

UTreatments were as follows; Control [No cylindrical paper pot (CPP)], 2CPP (2 inch CPP), 3CPP (3 inch CPP), and 4CPP (4 inch CPP). CPPs planting
‘M.26' rootstock was planted into the plastic pot (5 inch pot). Watering into plastic pot was carried out every four days, ?DAP means a day after
planting ‘M.26', ®Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.

= 238 ea/plantZ2 YZTEL} 9.2%% F710IATE 99 25U ZAMAE 2CPP A7 TL9] @42 Aol HAEFo] Z+2} 29.7 ea/plant
o} 2.4 g/plants WEHMHIL, R EY 242} 23.2%2}F 60%%] S7FSHRITE 8¢ 25U} 9 259 FAPOA A=) BE-2 Bl
S o, 2CPP AZ|FollA Fet o AEF 9 Fejdo] SollA 5ol 7t ‘M269] A5o] 7Y 9435 95 F FOIXE9
A7]= 2 inch (50 mm)Z2 FAME AT

Abebe [16]2 Neem (Azadirachta indica) B2 A8 A] 3 inch ZEO|A 2A9] AJL-0] 7} 2435111, Abera et al. [17]2
polybag LE (217 8, 10 & 15 cm)®] 7|7} Z71842 G| 24o| Z7IRICkL Huste] A8 B2 422 H4Hs] 95
24 2719 ZE AA5H= Ao] WR3slrhy B gt v} Qltk XEQ] H719] Z7lo] wel HE9] BLo] Z75H= AL ZEQ]
A77F S7FESE HE0 Hert AT 4 e AES Fu7E S7K6H] fiZold, ol ZE Y AE0] o] & Qe YR
20l 37FsH7] giizolth18]. Tt & Aol s ‘M.26'9] HE A= 95 F FO|RES] AA ¥ o]F THA] 5 inch ZEO]
CHA] AlAfsto] AltHEo] gk AA| XEO] HA7]|= FUsHALL, ZE YH o Fo|ZE A7|%t Ao]& UERRTh A8 Aot
2ol ZE A7E FHO A Aole e Ao & dEA oy & AFE B9 ZE W 953 FoIREE 7]
Zpolo e HE0] & Aol HERd = Slvhs Ae eI o Sl’lHH16,17].
S SO|ZEM 2t WHE A= Mg

HEF FOIRENA T ol WE =9 FE= Hlusto] Y5y Fo|REE A I WHE AT (Table
5). 8 259 FAMOA FAL 2CPP-0O, 3CPP-0O, 3CPP-S, 3CPP-0S A 2o A 2+t 6.5, 5.9, 5.9, 5.8 cm= LEF o] tjZxLHE ch
35.4%, 22.9%, 22.9% % 20.8%% =7}t A AEEL 2CPP-02} 2CPP-0S A FLollA Z4ZF 1.9 g/plant®} 2.0 g/plantS
UeRA A, 2T} vl Al 22 58.3%%)F 66.7%%] S7FaL, BE] ZolE 2CPP-02} 3CPP-O A& Fo|A 22 15.2 cm@} 14.4
emE WERRAL, 2ot vl Al 242 10.1%2F 4.3%4 S7H3TE 9% 259 FARA 2CPP-O AT A9t o HEF H
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Table 5. Growth of apple rootstock by irrigating method in the various size of cylindrical paper pot (CPP)

Treatments” Chlorophyll content  Number of leaves Leaf length Leaf width Leaf dry weight  Root dry weight ~ Root length
reatments

(mg/100cm?) (ea/plant) (cm) (g/plant) (cm)
August 25 (31 DAP?)
Control 3.70a” 21.8ab 4.8b 3.2a 1.2b 1.0b 13.8b
2CPP-O 3.77a 23.8a 6.5a 3.7a 1.9a 1.3a 15.2a
2CPP-S 3.73a 25.7a 5.2ab 3.5a 1.3b 1.2a 12.8b
2CPP-OS 3.90a 25.3a 5.1ab 3.0a 2.0a 1.2a 11.6b
3CPP-O 3.70a 19.4b 5.9a 3.6a 1.5b 1.2a 14.4ab
3CPP-S 3.73a 24.0a 5.9a 3.8a 1.5b 1.3a 11.6b
3CPP-OS 3.80a 22.3ab 5.8a 3.6a 1.4b 1.3a 12.1b
September 25 (62 DAP)

Control 3.70a 24.1b 5.7a 34a 1.5b 14a 14.8b
2CPP-O 3.70a 29.7a 5.8a 3.6a 24a 1.6a 16.7a
2CPP-S 3.50a 25.0b 5.9a 3.5a 1.7b 1.3a 14.5b
2CPP-OS 343a 23.0b 5.3a 34a 1.9b 14a 14.8b
3CPP-O 3.77a 23.6b 5.7a 3.7a 2.0b 1.7a 15.4ab
3CPP-S 3.57a 24.7b 54a 3.6a 1.7b 14a 13.3b
3CPP-OS 3.63a 21.7b 5.5a 3.5a 1.8b 1.5a 15.2ab

"Treatments were as follows; Control [No cylindrical paper pot (CPP)], 2CPP-O (2 inch CPP applying overhead irrigation), 2CPP-S (2 inch CPP
applying subirrigation), 2CPP-OS (2 inch CPP applying both overhead irrigation and subirrigation), 3CPP-O (3 inch CPP applying overhead irrigation),
3CPP-S (3 inch CPP applying subirrigation), and 3CPP-OS (3 inch CPP applying both overhead irrigation and subirrigation). CPPs planting ‘M.26’
rootstock was planted into the plastic pot (5 inch pot). Watering into plastic pot was carried out every four days, ?DAP means a day after planting
‘M.26', Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.

Bg] Zol 747} 29.7 ea/plant, 2.4 g/plant, 16.7 cmS VFEFA Y, th2719} vl w et uff 242t 23.2%, 60% D 12.8%% ST = Qlch
471 BIEL 2 inch 987 FOIXE] TS A Al d, d AEF E He do] 53 T2 diE AHo] A==
A& skt

U AL % U S8 ol wet Aol Aote] PRo] FHEL ulAH, So] FET H9 AZ Wit WY
% glo] REY A% A7lol meh A% B L B4 e Mok BasttHo) B4 Pl 12 fue) BFe Al
AR EF B4, A2 7 L A% A7l mret Zjol Lherith16.20]. Koa (Acacia koa)©] S Aol A Ao}
5% WRF W, Aol g Aol B Wl Hol7} uju ot AR Aul7t ol fAL A
% R o]go] Z7hsHe Ao® FelA gIeH2o). ol AWV T Auls olFAE A9 EF U AaT meHe ol
o] 41%0] Ak olgo] F7k5] WROE THEICH2). SAT £ AToIAE FAEE X A f80] 7] Aol
A0 ALk o)t & ATo] AHgI HESL oG HES} HATo] B SAPE L Ylo] AEE] S
FFoh] EOR BHELh B3, SR FIHT S AE FLAFL Aol DR FFAU] o] SEE S|
o3t Aol Upeh}A] 9he AOE TRETHTable 3). AWHAOIA Fo] FHUH Koast D] 44 el A A5l
AAE AL ATo] AR BEO] 1EAOE 4134 Koa HES AFRE AFATE} thh oS Uehdla, Aul 20| 4L
E4o] thav], LE U 48T HES 44 D B714014 Zolt giy] EOE AzrErk2]. et E AP A
AR o AUl F B2o| ARo] AP A9 HED BelS % HA AuF 4 %
fini|

2

g

rd

iy

e

>
y = Jo
oo o ol
o it O o 2 ©

4
[l

(¢

HEY ZO|ZE|M 2t FI|E ALHZL| H]
B SoIZEA T A Al g F71E ‘M26 HEY P& RAFSHITHTable 6). 84 25U RAMA tR12k
12 o, A FEL 2CPP-W1, 2CPP-W2 W 3CPP-W1 AH&FofA] 2+ 59~6.5 cm} 3.6~3.7 cm= YERA Y, 2+ 16.7~
35.4%2} 12.5~15.6%% SHE AL A AEF2 2CPP-W1 A ZFoA] 1.9 g/plants YEFo] TR T HET} 58.8% SHE UL,
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Table 6. Growth of apple rootstock by irrigating method in the various size of cylindrical paper pot (CPP)

Chlorophyll content  Number of leaves  Leaf length Leaf width Leaf dry weight Root dry weight  Root length

Treatments”
(mg/100cm?) (ea/plant) (cm) (g/plant) (cm)
August 25 (31 DAP?)

Control 3.70a 21.8ab 4.8b 3.2b 1.2b 1.0b 13.8a
2CPP-W1 3.77a 23.8a 6.5a 3.7a 1.9a 1.3a 15.2a
2CPP-W2 3.93a 17.0b 6.3a 3.7a 1.7ab 1.1ab 13.3a
3CPP-W1 3.70a 19.4b 5.9a 3.6a 1.5b 1.2ab 14.4a
3CPP-W2 3.83a 16.7b 5.6ab 3.3b 1.4b 14a 14.6a

September 25 (62 DAP)

Control 3.70a 24.1b 5.7a 34a 1.5b 14a 14.8a
2CPP-W1 3.70a 29.7a 5.8a 3.6a 24a 1.6a 16.7a
2CPP-W2 3.50a 28.7a 6.1a 4.0a 2.2ab 1.5a 15.6a
3CPP-W1 3.77a 23.6b 5.7a 3.7a 2.0b 1.7a 15.4a
3CPP-W2 3.67a 24.3b 5.9a 3.5a 2.1b 1.5a 15.3a

"Treatments were as follows; Control [No cylindrical paper pot (CPP)], 2CPP-W1 (2 inch CPP applying with overhead every four days), 2CPP-W2 (2
inch CPP applying overhead irrigation every two days), 3CPP-W1 (3 inch CPP applying overhead irrigation every four days), 3CPP-W2 (3 inch CPP
applying overhead irrigation every two days). CPPs planting ‘M.26’ seedling was planted into the plastic pot (5 inch pot), ?DAP means a day after
planting ‘M.26', ?Means with same letters within a column are not significantly different by Duncan’s multiple range test at p<0.05 level.
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T 2 EGY FETY B4 met @2 &2 QA FF5k= deep and infrequent irrigation (DI)H3} &2 4
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HEQ YRS PYAY|EE BE ol HH A9 AnREY Fe) YR AHT A0 BT £ AT 2 inch
CPPE Heste 49 AET Helshs ARt BB X5k Ago] 943 Ankg vehye

AR E2 18 olde] AS7IRke A HEE XE oMo sEEvt Hastng At £ 23Y H 55 WS
Aohs A2 3SH BT A5 e SRS 2 Aol AE ‘M26'9] 27] A Al e SEATOR
FAI AEES] 27] e Al Brde 20k H(Table 2). SEAFS HE9 57, ZE 7], AFA7] 8 71887
o3 Y= WA HER F7HHQ A77F East.

At Ee] R4S 97t 27] S A7 A3 CPPE o8oto] AlfTE W4 A] ZER Aui7ksd= W76t 215 CPpe]
27 A7), CPPo| AAH ARGHES] # B W B F7] 55 AR 23} 2 inch 3719] CPPO)| SHARFS] 50% =5
2% A0 Aok Aol A™sitts 2HE AU SHARE B Ate AR W4 A] 270 A=) 27] Aol et
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FTEHR] A= A AEL] ZECA d=olu A= l F2E2 AR Aol $AI= ooF sk [26], 0% %‘QER
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