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Abstract: This study was conducted to analyze the effects of amino acid liquid fertilizer
(ALF) and proline (Pro) treatment on frost damage during the flowering period, as
well as on tree growth and fruit quality of 'Fuji’ apple trees. When the ALF + Pro
treatment was applied before flowering, the number of fruits per flower cluster in

https://doi.org/10.5338/KJEA.2025.44.17 . . R
pssiidotorg! : the untreat group was less than 2.0 for both terminal and axillary buds in Fuji' apple

Agric. Environ. Sci. 2025, 44, 162-169 trees. The ALF + Pro 50 and 100 mg/L treatments showed a significantly increase,

with 2.6 fruits per cluster on terminal buds. Additionally, when ‘Fuji’ apple flowers
Received: December 20,2024 were exposed to -1°C after flowering, the untreat group showed a frost damage rate
Revised:  January 17,2025 of 48.4%, whereas the ALF + Pro 100 mg/L treatment resulted in the lowest frost
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Published: June 4, 2025 damage rate of 29.3%. In the amino acid contents of the fruit peel tissue, glutamic

acid increased significantly in the ALF + Pro 10 and 50 mg/L treatments, while isoleucine

Online ISSN: 2233-4173 and lysine increased significantly in the ALF + Pro 10 and 25 mg/L treatments. In
Print ISSN: 1225-3537 the fruit flesh tissue, hydroxyproline, citrulline and isoleucine were not detected in
the untreated fruit, but were detected in all ALF + Pro treatments. In particular, hydrox-

Epggégor yproline content was 196.5, 177.7 and 214.9 mg/L in the ALF + Pro 10, 25 and 50

mg/L treatments, respectively. Glutamic acid content was 266.6~1,073.7 mg/L in all
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He2tzoA e B7REFE 52 Tor|7bA] RIS TASHA Hil(1.2], ALY W2 kv FE F7, 3, §e
193 27 FohE Fo] UF HA7E 1Al o]2A] Sk Fhh34]. HE A5k} o7& Qlste] £33 o] et
o717t A AL o, 53], FZ oA EE AR (Malus domestica Borkh.) 7H8}7]0] 22 Ao wg A 2ju|s)
7h Aol met Aol RE% AAET AFIZE AZS] yERtal Qlof 11 tiF o] B et AAo|ti5-8]. MM ek
Aeos] g2 o g S, A4, A4 5 WS ARESHL Sl @AOIATE 11 W5 WA= gHAI7E Qlef[9,10],
ARE] A2 tigt Wit S SHAIZ = A7 Wil S8.3F Al7]Ehal WEHETE Proline THlE A4 opn|icito g Bag
He Ao R A5 Fofo] i WS S7H171e a3t QlAL(L1], S50 i 2 AP A ] 0.1 mM prolines
A Al 22 Y F2 proline?] 9k 5712} &7 o] F 4°C A2 F Al tl2Tof Hls| A5l @A S7HstHA Wgtd
571t A 52 WS 7 ER AE9 3&54S S7HAIZHAL stinti2]. 1AL of 71 o] gt At dde 2dsks
flowering locus C (FLC)= proline A4 2] j7j7} = o] FLCO] W& AL of wa} proline Aol 2AHH, 11 g=Fo] F71sH
Met7h APHTL sHITH13]. ERE o717t o] WolHE o]-&5to] obn|ieAte] F4= o RE 4T A ofu|iilo] i} He
%2]9] high-affinity transporterg &3 571 7Rt A2 HUHQITH14]. T ofv]ieAt X2 7F &2 Ao vA=
FEFH 55| Aol opu|icihS AT A A Wz ofn|iAt F4o e At vvgt Aol

IELY U AF=E obnial AJHRE ATt e 2278 MEIH A Aso] AAHJL15], EVFE FR gly-
cneg FHEAA 247 AEFC] S7HEALH[16,17], I obv|ieAls Zwo] FUAE & IS 371 9 AR Fde=
FEA0l FFEATAL 5HATH 18] EZE AT R[] exogenous prolines A Z|5tAS W 52 W/o] AL tto] w5k
A} YA FHo| ST UT19]. o]2Tt Aite Ao ofv At RYH| RS FUAET ¢ obn|iite] F4E
T A= 7S AN & 4 ok

TEbA] 2 AE ofu] At AJH| =9} proline A 2|7 AR Ai5ky] A2usiet A S W AEE v 4=

45t sk

BAEE AEA Aot ARG A SASH NS FE AR WAZIZEA] 1.2~4.4°C ARo]9] A 2=F HUEH O]
Aulsi7t BIHsHA Bshk= A|gos 113 FAM26 (A AZ]: 25 m x 2 m) F55 HFOE #AT FAE Ueii=
WS A7gste] S AAISEIT Aol ARESE ofm| Al A4H| &= urea (179.06 g/L), hydroxyproline (1.02 g/L), serine
(1.56 g/L), cystine (3.30 g/L), leucine (1.28 g/L) L lysine (97.72 g/L)2.2 FAEo] 1o, 183 proline (L-proline, 99%,
Sigma-Aldrich Co., St Louis, USA)S ARSIt 9] 32 109 30 AA5IY T

X2|Lg

Pd ol AR sk ALusto] BlAs B 2ASH] ko] ofe Al HHIE 10009 amino acid liguid
fertilizer, ALF)©]| proline (Pro)& 10, 25, 50 @ 100 mg/LY] w2 &85} NS} A 49 1297} 19¢€] 242} 23] A2st H
A3k AT 2RI Pro] IS WA Slote] A S 1MEOR Sho] & W 1579 XS et
ZBoIF T /J5HE A7 T ALF + Pro 25, 50 % 100 mg/L 22 £8 Helelo] 1°CE YT ALno| Y1 2447
Foll Aoz Aol AR Hsf| HrE ARSI 123 FA Atho] 2WZE ALF + Pro 50 mg/LZ 6 169
12] A2, 981 172 15] A2 0 68l 162 131 + 98 1720] 23] A2 5 3 A2)7E Rk AWEE BERRAZ OARR
(ATR60, Albuz, France) &8 AR5l @A 74179 3,500 L/ha (1.75 L/13F) AE7} e s Axsigich
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kates ol R8s ZAL

AR A2 3 =S 2AFSH] Aot 27t A o= o]Fojxl 5¢ 12U0f| ZF 5= ALF + Pro A3t YRS
WOz 2] FAF HeEste] HET I SE ZASTE 12T ALF + ProF Hela LTE] 48 B 2ARY 94
102 8Yo) FZFAHA (Trunk Cross-sectional Area, TCA)¥} A1z A=A HA, CD-20CPX, Mitutoyo Co., Ltd., Japan)<
ZAVFTH PML P2 A 24 7](SPAD-502, Konica Minolta Inc., Japan)E ©0]-835}911, WAL JAA =4 7](LI1-3100, LI-
COR Inc., USA)E ©o]&3] =A5}3ct.

¢
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=
o
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FATEE D AL o, S At G 3004 F 0TS tFo R AR o e
217 5 mm plungerS %215l 7 = A|(Compac-100 II, Sun Scientific Co., Ltd., Japan)E AR&-5to] A A 10| FtulE A AskL
33] 4% & HghS kgl &2 UEHYRH 7HATEE S TS HAIETEA(PR-2010, Atago Co. Ltd., Tokyo, Japan)
£ 0]83}o] 2A51H A, AF L 3% 5 mLo| 54 45 mLE tor & A L)X} AA7](DL-15, Mettler Toledo, Greifensee,

o] 0.1 N NaOHZ pH 8.17}4] HA & Alzpitoz ghAbstoict. zhulo] ML= M2}A|(CR-400, Konica
Minolta Inc., Tokyo, Japan)E ©|-&35lo] AW 3319 HHgto = Yelyict

4g Zooio] AT T 39 5 gat (@) HI2 okl 5 mm ol AR) 10 g& 27k AFialo] ofwliAt Tk
2yahgith. B4 AHPE 22e] ARE fileon tbed] YT ERAE FUT UIRE Aok} S8 BT F 4°C AP0
150 rpmO.& 3087} shakingstr}. o]% A|2E YAE2](4°C, 12,000 rpm, 22 min)d}o] AN F

(Sigma-Aldrich Co., St Louis, USA) 25 mg 7}3t & 4°Cof| RIstHA BEA 72 AMESIYITE ofu| Ak
(S433 Automatic Amino Acid Analyser, Sykam, German)E °]-8-5}31t}.

3 sulfosalicylic acid

4 ofnigHA]]

fr S

Sz
A A= 7 AFE 5575 18HE0 R 5fof 30HE 1555 U0 R AAI6tYon, SAEAL SPSS 2T (IBM SPSS
Statistics 26.0, IBM Co., Armonk, NY, USA)Z ©]-&35}o] Duncan thEFAP o2 BEA5HYITH

2ot 1

[l

JH=t7| Mz|mfs) 22 =at

BE AEAl GstHo] AR Akl w70 AZ|u] st vIHsHA WSk A9 o g 12hd =0 7k Pro7h RHE
of]lcAl MAJH|E(ALF + Pro)E 23](4¥ 1293 199) A7t 23 A 2S5 HH(Fig 1), FA = 27t Agotst
e} dlofg} B 2,071 ofstz ke of M) ofet wsirt AYSHHAL, ALF + Pro 103} 25 mg/L 2§ A== a7t fIIA
TF, ALF + Pro 503} 100 mg/L && A 2F2] Hotsh= 2.671% FA2ltof| H|sto] a7} S7HE o] A=us|E AHA7 =
2= Bt

AP olls A AR 7RIS ZAAZOIRt & A o2 JHSIAZ] T, ALF + Pro 25, 50 B 100 mg/L F=2 A&t
T -1°CE AAR A2a0A 24417t BA|sto] A2 msfe el A= ¥ AR H(Fig. 2). 71 2¥, FAHFE
48.5%2] AL TS E P!, ALF + Pro 259} 50 mg/L AZF= 212} 355%2} 35.0%%2 A2 Hafl&o] AAHAR WL FA 2
o} BA2 o4& Holx gttt Ik ALF + Pro 100 mg/L AE|FoE 295%2 AL maf&o] #Astgc.

Proo]| Tt A+t A¥E HH, Se] v WA A2 iAol 0.1 mM9| Prog #2] & 4°C A2A2] Al WiMdS S7HIA
A[11,12], fAel Feted A F Al Pro ?Fgo] S715to] AL AEHAE AARITAL 5HRITH20,21]. 3 o 7] oA Pro
AR £ At A48 AFZYsh= AP5CS1 FAAE HAAZ] EAQHOIA A Pro Tfo] S7HEUS w 271 7St
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Fig. 1. Effect of amino acid liquid fertilizer (ALF) with proline
(Pro) treatment on fruit set of terminal and axillary flower clus-
ter in ‘Fuji’ apple.

Data are presented as meanzstandard error (n=240). Each Pro
treatments included the 1,000 dilution of ALF. Different letters
indicate statistically significant differences at p<0.05 based on
Duncan’s multiple range test.

APHcty s cH22]. 283 5 FAA S =4
Y] uet bro 4o A, 1 gyl Z7tek

ZEG 2o WHgTto] ABEH0] FHHOTN BNRE

FHM=0 0jX|= B
ALF + Pro A8 W= 1
Zpo7F AL, AHA ] A5
A (Table 1). 12|31

AEE TR AR HSE
23] Aol H L 7

[N

o O o

T T T
[V

ab ab

N W h O
o O o
T T T

Percentage of damaged flower

-
o o
T

ALF+Pro
10 mg/L

ALF+Pro
25 mg/L

ALF+Pro
50 mg/L

Control

Fig. 2. Effect of amino acid liquid fertilizer (ALF) with proline
(Pro) treatment on the frost demaged flower rate of ‘Fuji’apple
after 24 h under the -1°C chamber.

Data are presented as meanzstandard error (n=300). Each Pro
treatments included the 1,000 dilution of ALF. Different letters
indicate statistically significant differences at p<0.05 based on
Duncan’s multiple range test.

= flowering locus C (FLC)+= Pro A4 2] wi7i7} =17, FLCO] ¥
Nep7E Jeg= AL
F5t] 54 A0 B2 9
2 A5 ZHoA AF ALF + Pro AEl= AR A2of wE Wit S3 art uju|skel
I5E APFoA= Me] AYE AAaAZIHA SHES

[13], T3} Pro= Z7}E A2]o] Foidlal ThE H|PE R
3 vIRIHAL R3], IS ER
O}, ALF + Pro 100 mg/L9]
FIAA AT S7H71E d 237 itk A= o

O ALF + Pro 13] A9} 28] A 2]FLoA] A (SPAD value)=
Fxg et 18] A=)
Nz WYL BHe|7o) vstel ALF + Pro Hel 77} 7

ulste] Z7kE9lot Hel Al7]o] HE Aol
Jasts A%e Rt 2R Aol

212) 0] W]s) LE ALF + Pro 2|7l 4 FAT FABAATCAS F7so1} A2 ARFE 1R} o) FA e

2} Z}o]7t gl (Table 2). Wang et al.[24]2
H skt sHA|9E Prog of 7|14l A2t

obulicAt OB RS QHALESIGS ) SA] A
2w, 1 mM2}5 mM Pro M2l Pl AL shlEe] Az WAE S HAA7
O} 10 mM Pro A7) A9 A2l 7ol vlTsle] A3 AL WA A4S ekt s19icH2s). oleh &

22 B2 Supo] Z7kchL

go] &

ALollAl ALF + Pro Ao W& JHAY F7to| e 6t 4129 BHo] AAEHAY &2 Ao|& Ho|A] gF2 A& o5
Table 1. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on tree growth in ‘Fuji’apple tree (1st year)
Apple tree growth
Treatment date” Leaf area Shoot length Leaf chlorophyll content TCA?
(cm?) (cm) (SPAD value) (cm?)

Control 22.1b 27.0a 57.4a 91.9b
Jun. 16" 23.0b 22.7b 56.1a 116.6a
Sep. 17" 22.6b 243b 58.0a 101.8ab
Jun. 16" + Sep. 17 24.2a 23.2b 58.6a 103.7ab

Y Each treatments included the 1,000 dilution of ALF with 50 mg/L Pro.

2 TCA: Trunk Cross-sectional Area.

¥ Mean separation within column by Duncan’s multiple range test at p<0.05.
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Table 2. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on tree growth in ‘Fuji’apple tree (2nd year)

Apple tree growth
Treatment date” Leaf area Shoot length Leaf chlorophyll content TCA?
(cm?) (cm) (SPAD value) (cm?)
Control 26.940 19.05a 55.2a 116.9b
Jun. 16" 35.71a 18.56a 57.1a 134.0a
Sep. 17 29.74a 20.03a 56.3a 123.6ab
Jun. 16" + Sep. 17 32.45a 20.53a 57.7a 125.0ab

Y Each treatments included the 1,000 dilution of ALF with 50 mg/L Pro.
2 TCA: Trunk Cross-sectional Area.
¥ Mean separation within column by Duncan’s multiple range test at p<0.05.

A2 W/ A Al 1 A3 UER] ofdek BetElol A4Hl ALF + Pro A& Bdto] © AUt A7 Wa P

2ale) B 9 Of0]ic At B2t s

ALF + Pro A ]o] mhg HAFAL 13 E] e AZFolA F2]2Ql fo]& HolA] gFkil(Table 3), 22 Tofl= 9
179 ALF + Pro 13] A2|Fof|A] ¥53} Tu] o] F7HE QIA|TH(Table 4) o233t A¥fs= ALF + Pro A2 wh& A A=
EOHA] oF 714l A7 B asittal wHE

ALF + Pro #2] & 49| u]9} #gof| FEl= ofu]ieAl ohge R4Skt HulofA HEH ofn| ik FA] 2ol A
& hydroxyproline, glutamic acid, citrulline, isoleucine 2! lysine©] HEE X9} phosphoserine AEE A] LT} (Table 5). 17
W ALF + Pro A 2]7-50)A4]+= phosphoserine?] 50| 4.2~6.2 mg/L HL HEF QI glutamic acid, citrulline, isoleucine d
lysine $FF2 A2 FE0A AHEE o7 ZIlole FPFE BT} £9], glutamic acid =F2 ALF + Pro 107} 50 mg/L & 2] 7-0f

Table 3. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on fruit quality attributes in ‘Fuji’apple (1st year)

Fruit quality attributes

Treatment date” Fruit weight  Flesh firmness  Soluble solid  Titratable acidity Hunter value
(9) (kg/@5mm) (°Brix) (%) L* a* b*
Control 292.9a% 3.72a 14.4a 0.22a 50.5a 22.1a 21.3a
Jun. 16" 272.7a 3.64a 14.0a 0.24a 49.9a 22.7a 20.7ab
Sep. 1 7" 288.4a 3.65a 14.1a 0.22a 49.7a 234a 19.8b
Jun. 16" + Sep. 17 306.5a 3.83a 14.3a 0.23a 50.4a 22.6a 19.8b

V Each treatments included the 1,000 dilution of ALF with 50 mg/L Pro.
2 Mean separation within column by Duncan’s multiple range test at p<0.05.

Table 4. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on fruit quality attributes in ‘Fuji’apple (2nd year)

Fruit quality attributes

Treatment date” Fruit weight  Flesh firmness  Soluble solid  Titratable acidity Hunter value
(9 (kg/@5mm) (°Brix) (%) L* a* b*
Control 240.0b? 3.83a 14.6a 0.22a 51.9a 22.4b 233a
Jun.16™ 258.1ab 3.80a 14.6a 0.21a 49.7b 24.0b 21.1b
Sep. 1 7t 274.9a 3.72a 13.8a 0.20a 47.9b 25.7a 19.9b
Jun. 16™ + Sep. 17 264.7ab 3.88a 143a 0.21a 47.1b 26.7a 19.7b

Y Each treatments included the 1,000 dilution of ALF with 50 mg/L Pro.
2 Mean separation within column by Duncan’s multiple range test at p<0.05.
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Table 5. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on amino acid contents in peel of ‘Fuji’apple

Amino acid contents (mg/L)

Treatment”
Phosphoserine Hydroxyproline Glutamic acid Citrulline Isoleucine Lysine
Control 0.00b? 146.6a 162.3b 23.9b 12.9¢ 67.6b
ALF +Pro 10 4.20a 138.2a 607.0a 28.7ab 59.1a 96.1a
ALF + Pro 25 5.83a 121.8a 408.5ab 17.6b 44.4b 96.4a
ALF + Pro 50 6.23a 140.5a 560.5a 38.4a 26.3c 29.0c
ALF + Pro 100 4.93a 81.9a 196.8b 39.8a 13.3¢ 58.6ab

Y Each treatments included the 1,000 dilution of ALF with the amounts of Pro (mg/L) on Jun. 16" and Sep. 17,
2 Mean separation within column by Duncan’s multiple range test at p<0.05.

Table 6. Effect of amino acid liquid fertilizer (ALF) with proline (Pro) treatment on amino acid contents in fresh tissue of ‘Fuji’apple

Amino acid contents (mg/L)

Treatment”
Phosphoserine Hydroxyproline Glutamic acid Citrulline Isoleucine Lysine
Control 4.73ab? 0.0c 24.9d 0.0d 0.0c 30.7¢
ALF +Pro 10 4.72ab 196.5ab 1,073.7a 20.4bc 15.5a 96.0a
ALF + Pro 25 4.64ab 177.7ab 819.2b 13.4c 11.6a 69.7ab
ALF + Pro 50 3.00b 214.9a 355.0c 129.3a 6.2b 23.9c
ALF + Pro 100 9.65a 82.4b 266.6¢ 55.3b 10.9a 42.1bc

" Each treatments included the 1,000 dilution of ALF with the amounts of Pro (mg/L) on Jun. 16™ and Sep. 17"
2 Mean separation within column by Duncan’s multiple range test at p<0.05.

A, Z18]3L isoleucineT} lysine &2 ALF + Pro 103} 25 mg/L A E|Fo|A dAS| S7F6lFTh

831 TAO] IS0 HEE oAk FA 2 1A 9] IS0 A= a2t g hydroxyproline, citrulline ¥ isoleucine<>
HEERA] k31, phosphoserine (4.73 mg/L), glutamic acid (24.9 mg/L) & lysine (30.7 mg/L)°] HZEE| 1 tH Table 6). Hydroxy-
prolineZ ALF + Pro 10, 25 ¥ 50 mg/L A 7S04 42 196.5, 177.7 L 2149 mg/LE FA|5] F7F5FH AL, glutamic acid=
HE ALF + Pro HZTFENA] 266.6~1,073.7 mg/LOZ F-X 7L thH] 10~438] F T J7}oFA ). Citrulline T2 ALF + Pro
50 mg/L A oA] 129.3 mg/LE, lysine TEF-2 ALF + Pro 103} 25 mg/L AZFE0A ZZF 96.07} 69.7 mg/LE =2 TS
Bk olela Ake oG ofuliAl B4 oSt Qs BeEX| high-affiniy transporterS 55 F47H 7K o{14],
omliAF SRR He) A] Felm METHAC S GATHIS) BB obuiAle HEo] GRAE F HgEo] Z7bE AXY
(18] ALF + Pro Ael7k T4 Al 3po] ofv|ieilo] BTk A3E HEAR ALE + Pro Helse] T2 a9
op| At 4 H= d¥E Aits HolA| skt

2d
=

T

£ AT oblicAl B R(ALE)} Pro A2]7F FA] ARR-o] 7i5h7] ALwsfol] v|x|= JF} A8 2 HEEE
o A= YFE EAsILAL +SHAT. ALE + ProE 70SH A A2 A¥} ALF + Pro 503 100 mg/L A 2|F-2] AStotof| A=
FA ol vlsto] 2,671 82 e o] AusiE BAARIL, B TR AR AT F -1°CoflA =EAX] A3, ALF
+ Pro 100 mg/L AZ|Fo| M= 7 W& 29.3%2] IARES HAth ot|icil SFe B 3o A= glutamic acid H
ALF + Pro 103} 50 mg/L *2]Fof| 4], isoleucined} lysine ¥5F2 ALF + Pro 103} 25 mg/L A E|FollA @A 3] F715I% Tt
A 9] Tgof A= FA 2] 242 hydroxyproline, citrulline ¥ isoleucine T2 AZEEA] AU, AFEoA= BF FEH
2t} £35], hydroxyproline 32 ALF + Pro 10, 25 ¥ 50 mg/L #2704 22 196.5, 177.7 H 214.9 mg/LE, glutamic acid
SHFE HE ALF + Pro HZTEO|A 266.6~1,073.7 mg/LOZ FAX | tiH] 10~438] A= F75l= ATE HYct
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et ALF + Pro 42 A] AR SAAE] nXE GRS 3 ggtort HARY ohudt F4k o]FoixE
A3% Rtk B3 A2 AT ASle] B WS Mol A £ TAH sl AU BA3 4

ek Holl ALF + Pro el Aeinal A7AA 4% S7HI7IE Tt 9 o Buso] o AU A7t Ay
thel ] ALneE Zolid Jlold 4 U Aoz Wus

L
% o -
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