Check for
updates

KsPrPo®

Korean Journal of Sport Science 2022, 33(1), 001-009
https://doi.org/10.24985/kjss.2022.33.1.1

Original Article

Effects of Acute Tart Cherry Juice Intake on Recovery after
Intermittent Exercise in Elite Female Field Hockey Players

Minkyung Choi', Kihyuk Lee?, Heeok Youm', Nochun Park' and Jin-wook Chung"**

"Department of Sports Science Convergence, Dongguk University, Seoul, Korea
2Department of Sports Culture, Dongguk University, Seoul, Korea

Article Info

Received 2021.10.28.

: PURPOSE This study aimed to examine the effect of acute tart cherry juice intake on
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recovery after intermittent exercise in female field hockey athletes. METHODS Sixteen

A ted . X .
ccepted 20220222, university female field hockey athletes were studied for a total of 3 days. The cohort was
Correspondence® divided into 2 groups, placebo group (n.:8, PLA) and the tart cherry juice group (n=8,
Jin-wook Chung TdJ), Each supplement was consumed 5 times over 48 hours. On the first day of the study,
cjw826@daum.net venous blood was collected before the test, and physical fitness variables (20m sprint, 5-0-
5 agility, and Countermovement jump) were performed twice before and after the Yo-Yo
Key Words Intermediate recovery test 1 to determine the degree of muscle damage and recovery
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of physical fitness factors. After all tests on Day 1, supplements (PLA, TCJ) were taken.
After 24 hours, venous blood collection was performed, and after 48 hours, venous blood
collection and physical element variables were measured to verify the effectiveness of
tart cherry juice. RESULTS In the TCJ group, a significant effect was found over time in the
5-0-5 ability among the fitness variable items (p<.001) In Countermovement jump (CMJ),
there was a significant effect over group and time (p<.001). Second, significant effects over
group and time were shown in Interlukin-6 (IL-6) among variable items related to muscle
damage and inflammation through venous blood collection (p<.05) and LDH (p<.001),
and CK (p<.01) showed a tendency to decrease with time. CONCLUSIONS The results of
this study suggest that acute tart cherry juice intake after intermittent exercise tends to
reduce muscle damage and inflammation-related variables in female field hockey players,
which could help them recover quickly, especially after hectic game schedules.

E=0|t(White & MacFarlane, 2015).

57| 1584 49H, & 60% 5HFIH Rules, 2022) A==
THOE, A7 F oA BE] A4EY AF B 6.5kmE °lF
SFH(Kim et al., 2016; White & MacFarlane, 2013). 71 9 7
I} WeFASKSpencer et al., 2005; White & MacFarlane, 2015)°]
FH B 1A ° AxxE S HRoH FAT 2 X
oF A9 St w21 $£7H4 dA e ATE FEo] $83% 94
2 &F3IH(Boyle et al., 1994; Reilly & Borrie, 1992; Spencer et
al., 2004). o]&3t 5 &4 &) 13E 59 A 9 F2> A

I8 WE A0\, g AVES $9F 4 U 5o B &
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licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution,
and reproduction in any medium, provided the original work is properly cited.

Pruscino et al.(2013)°] W2H, FEs}7] A 3] F¢ 49
7 A 373718 A 2o} ot BE B2 AAER Y37 AP 7] of
ol 4 2 25 &3 950l BIHsHA dojdth. =A i3] 44
of gty A5 WA Yol o &g EHolY A7 AFA "t
st718 3] SOl E Bl Eelst Axt, = i3] EF distolrE
3|7} ook = tist 2 AgE 202149 #4(3Y), EIUY), T
H(6Y) EUHE 2 27 91319 37] 982 7Y Qtoll tiFE 93]
7} o]Fo]A 2 A& A7, 1Y€ FA & APHrt. wehA AgEo
Al o A71U £ AAE 28 o 35 3 deo] uie- Fa5)
il B 4= QlokReilly & Ekblom, 2005). Ispirlidis et al.(2008)9]
ST A7 T ANY E 25 &4 A4S B AR AFAT | s,
Creatine Kinase(CK)2} Lactate dehydrogenase(LDH)= 7] &
72X 7 ONA 9GAIZIAA . A Yt 7] Folle SRS 31E A
Zto] Q3 Ao & "5 0™, Doeven et al.(2018)9] AToA=
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A717} Hssht A%E 72417

A7) 5 48AZPRE g EA EE
o8 ¥FEU I%ol I AYHol Urky

o|5t9] CK 3|E-2 A714
B uskgict.

BEsH] =4-9] ti2lo] 482
Ao oS 715 AEH A7) F HEHAY 5o %115101
oF o U2 A7|8E T 4 X, ol A7) AolE FHH 9
2 v (ennings et al., 2012). 384 HEHUAE o= H}
£ 3 Eo] FastH, o|& {dl AL RN E ArEY HE I&
o S F= 2B AHE =Y 01'51 A& FAloltH(Clifford et
al., 2016; Gilson et al., 2010; Tarazona-Diaz et al., 2013).

& HHH S5 F FEHA etEA Z|(Montmorency Tart
cherry: TC)& AR T2 Fdoj| vlsf| Z&E ] o] Fa 4
4, tEA oM, E¥E, 7REo|E, HEFIEY, H[ER] C,
4E 5 8% YTA HEo] 4T TiH AELE IHA Ut
(Connolly et al., 2006; Howatson et al., 2010). 3XA] EIE A|
g A& F 50 44oA Uehtes A5 H4E 99ohs TR
o]t QtEAJold gHFo] &oKKhoo et al., 2017) A$E29] 3
71093t As o] APATE B0 & 5= AR H(Bell et al.,
2014; Howatson et al., 2010), °|&]st EetE 0]= QtEAJold 3}t
FE A2 A AEHAE FAAZ 4 U3, NSAIDseF H|S3E 4
=9 cyclooxygenase inhibior(COX; AFo]EZA|A|H|0]A] AA|A])
9] JE& o= A0 2 YEPGTHWang et al., 1999; Seeram et al.,
2001). &3 E©E A2 4% F HEIEE2 7t2E ko= AE
=z Caz,] Aﬂ/\ég O-]x«"oc]-OE o] oH /H ‘;—:_.—,] O CA]— Z—]E i—]EO]
CK A& AaAZ = YEE B3 T 92 drkBell et al.,
2016; Levers et al., 2015).

Kelley et al.(2018)9] 2f=&ol WE2H S44, vitE A5

A+ B 29l 3547] A 181 Aol E AFE AR HE
A2 FA7F 380 vz FHAR FFol Te A+ A=
O w(Bell et al., 2014; Bell et al., 2016; Dimitriou et al., 2015;
Levers et al., 2016) Aukol S Ao 2 S AT AT o A= E]'Exﬂ
g F27F —’Fuq AR, AFBIAEY A, EFolyd I &5 &4 35
w27 22 A2 S okes 277 BaE A (Jacob et al., 2003,
Lynn et al., 2014).

3 BE A7 g4EE B § EHHELo|E GEAOPIE &
T T AYE A5 E 530159 3E] &l B S F= AR
UEFSE O (Brown et al., 2019; Howatson et al. 2010), EFEA|E]
F29] HH+E CK, Interukin-6 (IL-6), Interukin-8 (IL-8)53} %
2 250 BHE 25 S0 R A BhEHE EEE e 85
59 Ax;AA & 7]ofsk= A2 YEHETHBell et al., 2014;
Sumner et al., 2011).

oA AFeh HieF Zo] BHEAF A HHY olHolE &5t
I, 7] 4R wE 3Eo] Bagt S| ApES Yo E &
712k9] BEAE 4 HFH7F AT 95 2 I8 &40 A= 9
T BHE APAAe vEe AAol, E9] o A-ETS o
Ao 2 ot At HE3E AgoltH(Kelley et al., 2018; Levers et
al., 2016; Vitale et al., 2017). wetA] £ A& o2 AE =

o17] ASES Ao E 4847t & 58] EtEA| T A AH7L &
A2E T 257150 @5 4 2 240 niA= 92 duE= A

ol

(0]
i
o
= 5How

Fsich.
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£ A9 Fojzbe H sty A E oz =sty| A4E2A4 BHE
Ag] F2(0=8), Y% (n=8) F 16¥<S tFo= A5ttt Fro
A2 AP B0l sty A A Zxkek A A3 4 He
o sl SE APS 900, o] AAE el AeES tige
2 AFE AT oA 47152 AYE Eohy] AR
A 34 o] &3] TS, ATLLS 71EL R, 670E o] FAdo]
e AL Sk AT 5902 &% giste] dFeeYdgd 9
3 591 €9k o W(DUIRB-202012-06), #ojAE20] A4 221 EAL
(Table 1)} Zt}.

A+ 44

o

=

SEFA BEA Y FA(TC)) AF7F A= cg%o}“é‘ AT E7] 919
EBEA D] F4 HFHFINIC) AAHPLA) F I52E olsddLe
2 AAsIch & AolA= 3979 #2 A ]71'— TC] A3 713t
o2 A5tk 2 A+ FojAEe] 5T S4AE AFs L &
A3t Aol whet gZ]ol= & 7]Ztol| AAlsto] BLE A|E] F4 &

of ot a<lo] 74 Agol JFE vIAA EoteE FAGIL
o ZZF 347k R EEZE 84 F W] Ao] XU
=2 "awd 19 Zpoll BESH14 Y] FAFIA FHEd 4
£ AlE & #253HE A9YAE AT I # A 53E 9%
Countermovement Jump, 20m Sprint, 5-0-5 agilityS Y5}
o 3] A H-3-S K 7] 9I3}] Yo-Yo Intermittent Recovery Test
Z8Ysto] EAS FEstt HAE & thA] FojRE9] A AS
Aot om BEA D F29 A3 Bl 9 FAAG 5 AH AR
= ABokE 2Y Aoz 24 Ao BESH A OA Huid o

o121

Table 1. Characteristic subjects (Mean%SD)
Variables TCJ PLA
Age (years) 21.50+1.07 21.75+1.48
Height (cm) 162.88+6.44 161.00+7.46
Weight (kg) 56.63+3.81 56.25+10.38
Career (yrs) 7.25+1.38 7.88+1.24
48A1ZHTC) X PLA M3
- - - ----- y - "
I 1 1
19 2Y: 3%:

1) B K@ (2 9:00) 1) Y Y (A 9:00) 1) EHM HE (2 9:00)

2) Yo-Yo Intermittent Recovery Test * Q% E3: g E3 ¥ 2) 20m Sprint
3) 20m Sprint * Q% FR: AH| ASAHY 3) 5-0-5 Agility
4) 5-0-5 Agility 4) Countermovement Jump

5) Countermovement Jump
68 e (5 )
*2F B AN dEAY TY

Fig. 1. Timeline of protocol
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g AP o, 3Y A= @ A HE HojAE0] FuE
AEL A E 25 75 53 93 Countermovement jump,
=

20m sprint, 5-0-5 agilityE AYstAct. 2 A7) =Rt 442
(Figure 1)¥} 2},

TCJ 9 PLA A3

FoAREL BRFHA BE A7 5ZN(TC], Korea)T H2A(PLA)
olFWAL 55 £ 3Y 59 30mLA 5¥ AFHsIqch TC) =
£ Eo] 3]45t0] 30mLA £ 200mLE 8192 H(Bell et al., 2016;
McCormick et al., 2016), TCJ2} PLA 25 14X (A 44 & 4
H A% 29 Aol 2814 24 200mL, AY 200mLE AH AL
] 3 2H48A17Dol= @A 200mLEt AF 51t PLAE Eof 34
g TCJ9} AT} gho] B35 e 4= =2 41844 E A4 2
£ B3 At

J

flo
o
&
)

o
N
B
.
&

1. 28

HE o= AE A AA P39Il oF 302 < Al F
Fow, 1318 FA|E Ag oA o 10mLe Y AHHE ©f
Aot AL 4ToA BIstPor 1587 AR 7] (Labogene
1248R)E |85t 3,000rpmolA B4 £e|3t & Azol| =75}
Atk 1 &, SA] 80T ARsta &5 &4 9 AF T QAo if
off £AI513d .

2.3+84

=
O

i)

A a9

Ho

1) Yo-Yo intermittent recovery test

AeE9 24 & 9 25 &4 oFE5 gst] Al Yo-Yo
intermittent recovery testS AA|SIATH EYAB)ONA ATS0] &
29 gholl 21 Z(O7H] 20m A& th Als-5o] &€7] ol =
gafioF shH, 1 & thA] S UAB)OE Foketh Eok & oo ¢l
W7F AL R 1027 27J5t0] S)EsH EEok2th, Al 5Zof B
ozl ST AT TR F7E Qoll Sojetof oh, szl ikl B

Table 2. List of measurement

Variables

Blood - CRP,LDH, CK, IL-6

- Yo-Yo intermittent recovery test
Physical - Countermovement jump
fitness - 20m sprint
- 5-0-5 agility

kjss.sports.re.kr

SR ZPS A A 1371 ol en, A 23]0= EEeh= W
210 & Y5t E A4 9] Yo-Yo intermittent recovery test
level 12 ojAE9] & &4 9 S-S 4277 Y A=A =+
2A, BE FoRELS F 4 stage 197H4] AAJsHA T

2) Countermovement jump (CM]J)

Zojz= o7 gol vk i e A AR FEZ 518 F9l
8= A A5} FAlO] drre vl dEZo] vietat By 5= 9l
EE 90°7HA] #EY & §H5-Z o]8ote] 7He et w4 AE T £ QA
Froteh. 23] AZE AAlsto] 715-& Hatokoltt.

3) 20m spirnt

ozt AN FHISHL AT} 7|5 ARHAI S FA
of A4 20m A AFE otdeH, F 23] AAsto] =2 gro & 7]
Eolh

4) 5-0-5 agility

FofZ= SEAQ)NA EHlste] A& A5t Aol 15m 2ol 8L
= % 2O/ AA A8 AFE o & wEA 552 59 5m &
o] Sl= W1 Z2B)7HA] A AFste] St & 23] SA4sto] F1F
T 7155

Fig. 2. Yo-Yo intermittent recovery test

Fig. 3. 5-0-5 agility
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=9 352 WIN/SPSS Version 25.0 &
T13HE o]&sto, é’ﬁ & "gﬂ'(mean)-b]- HZFQ *Kstandard error)
749l AAH 49 Aol Y rEHA
= AAISIAT E}Ez‘ﬂﬂﬁ-/\ AFH} Aokt AFoll i FEd]
A4E9] AF22A(20m sprint, 5-0-5 agility, countermovement
jump)d 25 &4 9 9% ARHLDH, CK, CRP, IL-6)2] ¥} Xjo]=
ojutE=7 HEAFLA(Two-way repeated measure ANOVA)S 4l
Astgon, GO5E 0=.052 5L, BHHJIEL AAZAS
2 Bonferroni& A-&-5H3iTt.

¢dat

ELEA 2] 4 AF o) w2 AFale] A3t

£ AollA AZaclel 54 A3} 20m sprintlAle &, A7,
Al71 5ol o2 BAE |3t Aol7t vEhA] 29ttt 5-0-5
agility 3%, Al710] @2 BAF F-2gk Zol7F BHATHp01), 1
F 2193 A719F 283 A5 2R Saks YERYA] 9kt CMpol

AE TF(p00D), A71(p<.001), A719 15 ko] Asatg aurt
YERTHp{.001)(Table 3).

EFEAE F2 0] B 28 95 A4 Wt

1%’“ °7<F7:‘3’Jr%—1%‘§51]£ [L-60A] 21541710 T &

£ ANE YERATHp.05). CRP A HAANE 15, A7), A7 1F
o] w2 A58 F37F e A] Y9kt Table 4).

EFEAE) 72 430 B &4 AR st

o5 &4 AR F 5l LDH 23 1%, A719F 2Ee] WE 45t
€ A} HEA] AR, Al7]0] e ARES 23 Post-1(24
AIZD), Post-2(48A13D), Post-3(72413Del| w2 B2 F-ofet Zols

HEFITHp<.001). CK°1WE Al719] mhE t*h"—%‘? 23} Pre(AF)<}
Post-1Q24A1ZDoI A FAH frolgt Aolg B (p<.01), A1719F L
& 19 3eAg At UrE}Uer AT Table 5).

Table 3. Change of physical performance (Mean%SD)
Variables Group Pre Post F
o PLA 3891028 373:021 G 2312
(5e) Ty 3712028 3.60:0.18 R
: : : : GxT  0.088
G 1.143

. PLA 4.88+0.21 4.80+0.26
Agility T

il 10.445%
TCJ 4858036 4572019 Gur 2010

o PLA 33255388 32506410 G l61SIT
T 29201%%*

(m)

**p<.01, **¥*p<.001, CMJ: countermovement jump G: Group, T:

AR {23t Zol 7t YelA] QRdAIRE, Al719t T1F Ftof] wh ezt Time, GXT: GroupxTime
Table 4. Change of muscle inflammation markers (Mean=SD)
Variables Group Pre Post-1 Post-2 Post-3 F
L6 PLA 16.00+9.78 16.37+10.82 17.50+13.27 18.25+12.00 G 0.285
T 1.098
mg/dl
(mg/dl) TCJ 12.87+1.88 12.7542.49 11.87+1.45 12.50+1.07 GxT 2 857*
CRP PLA 0.11£0.03 0.11+0.3 0.10£0.00 0.15+0.10 G 0.847
T 1.227
mg/dl .
(mg/dD) TCJ 0.22£027 0.224027 0.15£0.14 0.13:0.10  Gu 5407
*p<.05, Interlukin-6(IL-6), Creactive protein(CRP), G: Group, T: Time, GXT: GroupxTime
Table 5. Change of muscle damage markers (Mean+SD)
Variables Group Pre Post-1 Post-2 Post-3 F Post-hoc
PLA  238.00+447.50  270.75+28.98%  227.00#41.23°  228.38+5041° G 1.704
LDH T 9.197%%  beed
g/ pey 29975411691 320.50£130.94%  283.88£121510°  288.25:10825 ot 0,191
CK PLA  336.38+350.174" 358.134355.120°  202.63+116.38  169.00+74.75 G 041l

T 4.773%* b>a

(mg/dl) TCJ  356.43+154.47°  380.57+168.58"

277.86+£64.02

*¥#p<.01, ¥**p<.001, Lactate dyhydrogenase(LDH), Creatine kinase(CK), G: Group, T: Time, GxT: GroupxTime

Post-hoc: Bonferroni, a: Pre, b: Post-1, ¢: Post-2, d: Post-3
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B a7 23 TCJ 37t PLAS AF% =8k ARy 3t

93 25 ¥ HEAA 75 3L A9 A& tee FE A=

A=EE 8% F 5-0-5 Agility Bi= Al7]9] w2t BAA |93
Aol & YR on], o= Bell et al.(2014)9] AolA A8 A 29
% 5-0-5 agility 54 43} TC] A3 & 7241714 PLA 1& Hoh
B 3% F= e ARt {ARE A0 & UEET B8] CM] A
FolA TC] 2F°] PLA JEET} 7|1E3ko] © =4 Yegen A7)
o I%F 7 oI AEAE-E Uehigith E3 Bell et al.2015)9]
APALL} FARE 295 Yepllon, 458 749} tEo] 35T}
TE AFE FARE FAE EHHConnolly et al., 2006). ©]&
g A= TC] A7 9AY AZHE 9 e} k2 mpl Q] wjx
7} 8% AEolA foviet Y &S 743 & 5 Stk
oulgitt. ol= CMJY A% HAL 2R &5 /3 I ARl &
ZFm(Macaluso et al., 2012), o83t &5 &3 11 %= 25
A S8o] G A= Ao g HAtHByrne et al., 2004).
HHo g TC] dFle &9 &5 13 11 ARl ek 4514 Al
3)ES 4= QL E 7)ot Ao R HolAtkBrown et al., 2019).
20m sprint®] APALe] 9ot SAS R TC] HH7H
PLA AF IFET A3 T 48A1Z13 724171004 B #HE 7]&o] 1
2 Aoz YePFARHBell et al., 2014), & AoAE A7), I5F, Al
719 gl wE SAF |95t Zol7t YehtA] ot Ad+t At
Ol= ohE FE Both I8k E46k 5-0-5 agility?} CMJ 2
oA FAA FoAg Apol7t Witk AL, eS| 5 544 A

2 =7HAQ heJet AlESoHA] 23t Aol A1 9 ke Rk gto] A7)
A F 583 7IeAY 4N DI BEAY 749 AH7F A
FEY 2 I5 £ & 5 e FRoE 47

At 52 ZALO] B3ty AEHAE {6t
CK, Myoglobin, LDH, IL-6%} &2 Hlo] QutAEL] £1]&
v 285 371 52 59sttHSaunders, 2011). [L-6& &
45 A5 ¥Rl R IFF A7l ©tE /o5t &37F Yl ZAoE U
Elgton niEtE A4S 4R o A A &5 ¥ TC) A3
o] PLA AF Kot ulhE FARRE 49% FE [L-6 $A7F 4
H A3E YepltHowatson et al., 2010). ESH, Alo]Z A<= tiA
O & 3YU A% Alo|EY BE FolA X 9 7Y B2t TCJY] A
PLA 57 ¥lstiS o, TC] AFto] &5 & AeE9] Al &4
= BAAA F= 20E U thBell et al., 2014). o|& ofzt A
PAT F AYE E5A4F B 550E R &5 & HEAY
T AF7HIL-6 FAE ARAA = A 2E U shARE 9
E $7A-E qFo R AAG AtoAs BEAY A HAFH7 A4
=9 IL-68} CRP 4] Zao] FFFE v A] et McCormick et
al., 2016). o83t A= AL Wol 80l= AX= FE S,
ulghE, Afo]E FollAle & A4S AV &5 T =4 UEY HEA|

FA7F ApE0 & AT BE] Goldt EEE = 2 0E UEY
Ak, s S5 5400 wheh A7) @0l A B HE ARl g
Hglo] Folr] 459 & S FAZF A SeE BA Ut g
EAY 729 a7t YeA] 2 A0 & AR HthSmith, 1998).

£ AFoNAY] & &4 ] F CKE Al7lo wEt A9 f-2Jgt &}
olE YeFHAIRt A171e}F IF 7H9] BAH |5k Afol= YErA] &

ox L pE 9

y Mo o [

iy 1o
ol

s

LEEE

kjss.sports.re.kr

Sttt Levers et al.(2015)0] 95t 239 9] A7 GAE diidoz
EtEAE] oo HHE St A3 PLA IFET CK A7} A1719F 1
oA frofgt Aol 7k Ureht & dA+te] ATteles Avtd ZATE UEr
Wrk 3 Bell et al.(2016)9] Aol w29 BFEAF] 74 AH7)
G2 AeEoA o] & &4 AR CKoll I3 vA]A] koo,
Howatson et al.(2010)2] 7oA = vpz7FA| 2 PLA 153 TC] A
FollA g B ofugt SAH F-3t Zolg UEhtA] gttt o4
4 CKY §h-&-2 A Ao whe} Adute das e glom 2 A
TollA TCT A7 o)t &37F et otd o] f= o499 3¢
AT &5 & CK A5t AERAQ FAts} 2Fg o7 o ukS
S YeRY7] gE0 2 BOlthBrown et al., 2019; Tang et al., 1996;
Wolf et al., 2012).

TCJ A%+= CRPY AFolM = IR, A7), A7 &) W2 B4
2§98t Zol7} YephA] Eoktt. sHAIRE, Kelley et al.(2006)2] A
Toll t2H 28U HE B AE AH(AYE AP 55 F AEo| A
S wo Qoj7bHAl Hepd k= Mo R vy Hy g2
Aoz wWah= A2)E JFs T CRP A7t 25% LA R
o, Howatson et al.(2010)9] AFAAE vletE Z5 & BEA 2
T2 AF17F 2447 57t CRP 9% Al5+7F PLA ZL55o0fl B3] 34% W&
A5ES BYom ol3t A= BEAY FA7F & &4 9 959
oFskE WAIe 4= itk Haskgich & Atolis BESH| ASEY
CRP 8% A47} viete AsvE =4 UehA| got BEAE] 7+
2 AF7F CRPO)| HIA| = F7Fo] UEA] @2 A0 & ARRE™, Yo-
Yo intermittent test@} LIST(Loughborough Intermittent Shuttle
Test) 53 22 dHE 20l AXYE BAEL nlgtE B UE Ao
2% Edloldel vl CRP ¥5& =4 4o7|A %= Zog Helth
(Brown et al., 2019).

LDH+= £ AFolA Al7]e] wteh gt ZolE HYPA T,
Howatson et al.(2010)9] 97+ A= PLA 153 TC] 1§ A
o]0 ofw gt Apo] & WASHA] Zotltt. o)A 5 AFE] 35
< Yol EH o= wo] JFHote 23 AtollAl= LDHY 4]
7} 2398 IZA AAast Ao R HUSFRATHCade et al., 1991;
Romano-Ely et al., 2006), |20 & t}2 27289 A4 L
S &4} FARSE F9E0] disl CHO+Pro2] E3b7F YepLA] ket
(Betts et al., 2009; Millard-Stafford et al., 2005). ©]&{gt FES H]
FolHol 25 AFES AT &5 F BHEAY 74 37 LDHe
HX]= @l gt 371 A7 28T Ao & A7 H

grshy] A7l A 5ES HReE 1584 47H 47
£ AFH, F700A o]7]7] Agt B71E 4R RHAY, A¥E, 1Y)
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U 2o R 7|dEt. ghH 7|3 ASE A #QI & A5 Y
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