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Weight on the Production of Strawberry
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Chia-Chyi Wu™, Tsung-Min Chen
Department of Horticulture, National Ilan University

Abstract

Strawberry is a high-value crop in Taiwan. It’s hard to cultivate results from many insects,
diseases, and abiotic stress problems. Chitosan is a natural high polymer material, numerous
studies have demonstrated that chitosan and its derivatives have various biological activities.
Also, it has been proposed for diverse applications in biomedical, food, biotechnology, and
agricultural fields. The application of chitosan promotes plant growth and yield. In order to
examine the effects of different concentrations and molecular weight of chitosan on the growth
and production of strawberry ‘Toyonoka’. Strawberry plants were applied two concentrations
(20 mg L%, 100 mg L) and two molecular weights (H, L). Different concentrations and
molecular weight of chitosan were applied once a week for 4 weeks, then plants were
transferred to the greenhouse and grown for 8 weeks. Results showed low molecular weight
chitosan can promote strawberry vegetative growth whatever high and low concentration.
Using 20 mg L low molecular weight chitosan can increase ‘Toyonoka’ strawberry fruit
weight and TSS/TA ratio. On the other hand, using 20 mg L high molecular weight chitosan
can increase fruit vitamin C content. We provide evidence that 20 mg L™ low molecular weight

chitosan application can promote plant growth and also increase fruit weight and quality.
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AN

5%5f (Fragaria xananassa Duch.) FEERRAD - thif %01 - GO RE=ES
Hefthan C - B—2HIREBF I 2 S&URESEY) - IKBZEE 108 4T TR /B
SHIEURET 489 AR FEGLR 8743 AN BUTEIRTZE BRI R 17.9 208 > FEFERG
SRR REEEDCREIESE - R EEREDRR MR EE T A E R (R
STEEE 0 2019) o NHEEMEE A S > FaaE &2 DR BRI SEE - —EHBEEER
(EFEYSERE » CHARRBRUCH B R 2 R TR BRE - 28 T B TE L 20
{b&FTER - B HEAAEVEEN S T3 EY) (Younes and Rinaudo, 2015) » 5%
TEREEELA YIRS A RAFAVAEINEENE - i H ol e YRe e - WIRRAE - X
BAMRE - DIE -~ Pl EREEEYEN > BZAHEEESREE L

( Abdelmalek et al., 2017 ; El Knidri et al., 2018 ) - ZI[Ed5% (2009 ) F|FH4& T SR
/INEFET BN SERSHERZ RN o T BRI B e N - 4R
REAEE - DI T RO T HORAMORIBE (e R AEK ~ & ~ /N ZKIEEEY R
T-%2ZF (Nhutetal, 2005) - 5% T EERERSSRIEYDC SRR » SEEEYEIRIR RPN R
b4 el R R 52 1% ( Benhamou et al., 1994 ; Bhaskara Reddy et al., 1999 ; Ruan and
Xue, 2002 ) » R/ EE | ZEEUE I 4R EY)E & (Bitellietal., 2001 ; Tham etal., 2001 ) »
FE7KAG ~ ok ~ R - HEE ~ R~ & - YFEIEY 4 E EE B2 M (Chibu and
Shibayama, 2000 ; Dzung et al., 2011) - ZA[fi %% T HHEL ZER(CAZEN 5T B/ NEFE
AT EXEE MRy FEER 2 (Hernandez-Lauzardo et al., 2008 ; Liu et al., 2006 ; Mellegard
etal., 2011) - RIILAHHZEREPRET A F oy FREDRE 2 2% T HEEY SF EEERZ
2 FE=okElRE U EEERERBRENEZEES T ERES TREREY
PIH1& A R -

B~ PR E
— ~ Bk
B TE28 T 20 (47 & 50-190 kDa > Sigma-Aldrich, China ) ; 547 1= 2% | 2X[il
(435 310-375kDa > Sigma-Aldrich, Ireland ) o DARERE B a7 » B8 20 mg L' ~ 100 mg
L 2 86 TR - BHIRAE RoK > BREIE AR - 1. /K (CK) 5 2. 20 mg L' &5 F &5
TEEE (H20) 5 3.100 mg L =4y F &4 T % (H100) 5 4.20 mg L' (K5 F 2% T H
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BE (L20); 5.100 mg L {&4F&25% T 50E (L100)

5% (Fragaria xananassa Duch.) FE5fE “EE - BEREEE > EHEPERK 7.6
cm BRI - RPHEEHE - PREEA/ B AR REA—BL - VU SEBETE R st N RS R
HAR 12.7 em ATEHBZ AR T - FFHBEERE—(E R8s - el
BRJeR L HEA iEA =101 1 (viv) > s IR R A -2 1 9% (L - Bk
PRELEIS 14 012 1 14 - BRIEEMERGARAF) —X 2B AEREEIORKEFR
DIFEEE 2 5% (& - Bk ¢ $EELGIR 20 & 20 ¢ 20 - GFIBEEMERGARAE) » 78 1000
EETERE » AT RIIRIEICRKERRIEE 3 9% (& * B $RELAI& 10:30: 20 -
GHIEEPRER G AIRAT]) - FikE 1000 fETEE - §R2EX 30ml -

SR EENERH/MBOR 25/18°C ~ HARE 12/12 h 3P0 lT 4 A% T EIEE
FERYEE R S ] AR SRS 20 mL - HIE 4 2K FRAHEREL 10
PR o TR EES T 2 B 2L 0RO = R EEE 8 8 - 21278 -

AT R S PRIHEER B - EEE - BE - BE - EuEK - SPAD 5E{H
ISR FEIB NS ~ 528 o SpAfih BEREE T B RA MR K L e Bl 2 &
RERARHEREE - o aAEERY) - TEER: - €ERCER
=~ MIEEITA
1 EEEIE C PRERRE N LR 3 | e B R EE - o BIHC N A =/NEE - DL LI-3000
TEHEREHIESE (LI-3000 Area Meter »  LiCor » USA) HI& -

TR & EWA R PR NE AR 2 RE

BRE ZR/INEREZRE -

K ER © BT R SRR SGH B -

#4525 (SPAD) 3EfH © DIEEAEZEE (SPAD-502 » Konica Minolta » Japan ) Y45 F 52
R EE o =/ NEE R BRI L EE R S E - B R P R 3 | e R B
HHE -

6. FEPRM EEIE AR  HE DI ORSE S NI SR T SR - DL 75Ot

Bz 72 /NEHR PP HEZE
7. AEMEROKILEYIER - 2% Moris (1948) 7377505 » FEEUER LB fnEzY)

1 g A 80%FkE 50 mL » A 80°C F7Ki4 30 434% » L ADVANTEC NO.2 JE4%i#E

JE o FEAEFMA 80%: % 20 mL - A 80°C /KA 30 47# - DUBARHENE - [P EEE

2 Bk 3 TR G B » ZBRIER HE5 I8 Polyvinylpyrrolidone (PVP )
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PIzkg7KEE 2 100 mL - BUFFEIK 2 mL » 227K A 4 mL anthrone J2&0I1 6
G5 2 100C MK 6.5 o7 » BLIUKSTIEALA » PLoryttfEst (Thermo
BioMate 3 - USA ) Ji* 625nm FHHMIEAE - nlEMERA LGV EE (mgke') =
R RIE /A2 E

8. a1 2% Moris (1948) 7370k » HURDAEMER K/ L EYItEZ 2 5808 0.5 ¢ il
A 2% HCI 25 mL > 2 90°C ~7K)& 3.5 /\iF » FH ADVANTEC NO.2 JEafk7E0E » 1A
/DE'F Phthalein 57~ > LL SM NaOH K2 HURRE E R AL fy 1E » HUFRFER 2 mL
27K I 4 mL anthrone /5 NDE S5 » 12 100C F7K% 6.5 77 » FHiRFH:
RS ZA] - PLortotfEst (Thermo BioMate 3 » USA ) % 625 nm [NHIETY
HME - Bk e (mgke') = AERE x 0.9/ Y)H -

9. WHIAMEIEY) (FERE) : A R4 AEERE TR » BETFEIET (Hand
Refractometer > N-1 ¢ » ATAGO > Japan ) &M » BE{7 LU Brix 77 o

10. "EER: © 275 CNS8626 /KA kg Hekhnin (T RIEZAELE - 1997) » FRHL
10 g 5224 A S EIZEEI/KZE 100 mL - FTHORESR - BSR4 2 25 mL
BepRrh > A 0.1N NaOH JiEE % pH 8.2 » &0#% 0.1N NaOH i & . B R o 1%
Mo > HAILL%ERR -

11, 443K C o5& e IR ERE - DA HITHE S > DR FOEERT (ROflex
Plus 10 » MERCK > Germary) HIERENHEER C HE -

=~ gEtoth
st LB ol - 3 5 EEE - sliai R SARS9.1 (Statistical Analysis

System 9.1 » USA ) #kpa#E{ T/ N E 2= 3MT (Least Significance Difference Test ) » [L

BEH S% 2 BHE R -

2 ~ R

DlEEAE s TR RER T B SF 5548 B8 2n=EEE
8 1% - FrA'EHi% | R EEERERICH IR - ERIRARBZEL > 12H
B EEHRERE SR (18] 1) - M | RMERE I "SR EERER B B EREE
HfE (R 1) BT 85 T RREEAER 8% - P& 16.33 7 - CEEIRAH
f4.66 f - ttbE s TR B P 145 F - M E > T 224 | R b
SHIGHD 1.7-4.33 REER » DL 100 mg L BEe RERY & 70 F 246 T BREEEE (H100) t 20
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mg L' &5y 24 T HEEEME (H20) mIginEEls 2.33 F - R FE54 T R IR EE
R EREEREENIL S T2% T BIEEHS - SRERS T25% T BHEEHEH
(L100) ZETTEATE AL Ay = - HEEmREELEIRAR Y D 58.6% » bk H100 4H34 1 30.6% -
HIRAHEERBIEET 7/ 9.33 K 8.33 em» S0 T & 5% | B HER M NEE & 4.10-4.53 cm»
HE 2.14-2.50 cm ;K5 TR | BHEEEI HIBE R 5.96-7.03 cm » BEE 0.70-1.44 cm - fiff
FA% T REE oINS FERGH ESE SPAD #EE (£ 1) - 20 mg L &5F
ST R (120 ) Eht E R HL SPAD FE{E i » ELEIRAHIS AN 60.9% 55 B {LEL 8.4%
SPAD 3#{H - 100 mg L' S53 F &5 T BEEEM (H100) bk 20 mg L' &4 T2 5% T 7
FEIE (H20) 2870 3.11 mm » 27 3% &G EK - ANEDRE 2% T AR SPAD
PEEEE AR (R 1)

1. A R SR SEERERZFZE (bar=15cm) -

Fig. 1. Effect of spray chitosan on growth of strawberry ‘Toyonoka’ plant (bar = 15 cm). CK:
Water, H20: 20 mg L' high molecular weight; H100: 100 mg L' high molecular weight;
L20: 20 mg L' low molecular weight; L100: 100 mg L' low molecular weight.

s P TR RE B T BT R SRR SR SEE M AT
N ERHIEE ~ 25 (2 2) - A EAREith N a2 s Sy Rl R 0.68 g 2 1.57 g 1fi] 100
mg L &5 78 5% T 20 (H100) 3 5Lt T Ef SR - 53508 1220 g K 8.66 g » B
B HSIGEH 11.52 g k2 7.09 g B2 H20 4H 9.31 g }¢ 3.79 g » fEMEPREZEE > thA THDIEE
5 H100 sHAE PRIt BRI 30 52575 Ry 2.92 g J 1.86 g > BHEH S tH¥HIEAH 2.77 g
B 1.55 g 81 H20 4H 1.98 g 2 0.76 g - 100 mg L™ {73 T8 5% T HE (L100) EL¥HE4H
Wn SR FAHEMRM EEEH Ay SFE Bl o L100 &Hith EERELH N AR
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Ry 13.46 g 81 9.50 g ; M - HEAM N EAVEZEE 3.31g B 2.20 g > M T EEE - BZE &N 20
mg L' FEEIAH (L20) - 100 mg L' £& T X BlpR U S AREFRZEE =7 20 mg L > S
Pl E4HELEHE - RED 85 T R R ME ) 85 T B R
PREEZE SN S T 24 - Horp DL L100 R EEAHAE kit 1 S Bith 3 > fep e il S i e

AT REEAEINEE EUE FEMEARM IR N A MK L S Y SR
S8 (F2) BO TR T EE HI00 B H20 4 F S8 T 5 a At K &
S EA5Y AR 549.15 mg kg ~ 553.08 mg kg B 272.54 mg kg ~ 266.57 mg kg > BAEFHALH
Z M EEAEEL SRR 214% » HUT BRI 6.5% o (R TR A% T I I EL AL AR IR
i b ERELS N RDAMERO K b E B e S T R2E A - 120 # EER e A MR K
{b&YaE AR RS » th H20 3471 8.6% » LL CK 5§/ 132.1% - {HIEjifis% T %
BEAIEER R BE EEEN RS A E 28 (R 2) - L100 FRERAHM B
B & wi/D - H100 BRERAHMN MR & &) RS B IE4H 1630.5 mg kg 61
823.5 mgkg! -

ETERSE BF FEREHEE - AEERY ORE) - "UEER S E - kL
R Z C Bt AR E (£ 3) - 120 RELE - HiHE 6.29g » thHIEEH 1.02
g PhAR S HE AR 8 H20 4His i 2.87g - MEFE B ERL & #3LL L100 dHrs - fEELEL Al
PLL20 4HE S « FRA % T BRI AR e R EREHER C &8 - HhLIH20 41
R CEERE - LEEIBHEE 91.9%  tEL L20 4HEH 44.3% » BEZR% T W A
WERRENE - IR ALEE C S RE NS EAHERS -

BRI RE T AR AIRE - (TR B - BER R - EEE - EHAKRSE
aFfdi (Aspuria and Fujime, 1995; Konsin et al., 2001 ) - ZE[EfE Fs S ME R A= R 2% B /IRREHY
AR (R > 2009) » M—MEABRKAVIEERSE - (ARIERE A BEHE LG
11 BERAILAT G E R EREINET - N ERE RAEL - Aallph el &R aEE
F & R REERENRE 8RS T RS RE o R EE R S CE DR
SFEX T REHEEARS > MRS SE - SRS TR T BEEEA

(L100 ) BE 2 B EE I A e =y » HLEE AR L S HRAR IS 11 58.6% - H20 4HI4 1 47.6% EE H100
ZHIETN 30.6% (R 1) - BELGRZE—EERY  /RESHERER - RS - EX - 7%
2 EEGEE  INEREERFERA LG IR SRS E (Maciasetal., 2002) » BEKHTE
o ARV ERE ST HEw BB RSB EAHRA (Jahn and Dana, 1970) < &
stBgTR L20 ~ L100 821 H100 EA#ANER B (£ 1) AFREHEAFTEREITE TR
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% FFINEER 426k > MHEE L =ARIE AR5 R 8 $NMeEEEE RREED

i o Bt 100 mg L S5 728 T HEEES (H100) [L20 mg L @55 FE8% TH

BEPEER (H20) B9A0 27.3%XGH B AR » 20 mg L RS T2 56 T HEEAH (L20) S E S

= 0 EREHEAHIE N 60.9% St EHIR o BURIREIRE 2R84 T BEEhE H R A 2= °
BE FEEREE -

Dzung 5 (2011) L) 20-80 ppm #& T ZXARELLS T AR S AGIEE0NYEES - 551 60 ppm
% T RIS T IIERR S 33.51% ~ EEEAK 30.77%EEHTE 60.53% < (K3 T-E% T
TEIEEAS 60 ppm BEIEAEMYEIER £ & - DI T RIS SOREHT - BURA T B A
RS B ST R B HERE ) 4 RAFTRIE - Abdel-Mawgoud % (2010) DA 1-4 cm® LR
ERE A% T RS EEE RS REIR 2om’ L 8 T BB A =ik e
RNRERE - HERESR | R AR 2R (e EE R A R i ¥ IR - 1]
RST RE F SR B PR A B © Chibu and Shibayama (2000) BFEFSH - HAK
TR T R SIS By 0.5%  (EEERVNEST FARUERE B 0.1% - 3
M 0.1% #6 T M=% - & BT iR IE4HAE ERR N 50-60% 5 RS 0.5%H -
INREME R R SEAITEI I 100% - AR MG 28 | HIEsE(EE "BE EHEN4E
& A 20 mg LYEST F 254 T HELE 5 T 2% T FREFINEES: & -

Limpanavech %5 (2008 ) LA 10-50 ppm HY5%% T X EEE HE4NEER] 50 ppm HYXE T 2% HEIE
i EE % > REREEE IS I R RV EEARAS LS 10 ppm 28 T 2R IEAE IS IN4h BEBE Lk AG LIS
3.01 pm > 50 ppm & T EEEG A EEREIE ML EEEEARAS H 1K 2,46 ym o LR
TR B IEGAS A RN R - LA RE R SO EE Ak RS X NI EE SR RS iR K S EORIE 4
& o PSRN T REREIS IIMEYIEE R th sk & &5 SPAD 58{H » WK+ ~ K
i~ iESE (Chibu et al., 2002; Dzung et al., 2011 ) » AsEgrFTA T 2% | R BEE HAH
IR ZEE EL IR S - (EARE TR PR 2 4% T R E e s R A i 22 52 - 20
mg L' &5 T2 4% T 2 EE4H (1L20) SPAD s {H i » FrA A% T R EEAH LS AR RS 0
6.5-8.4% SPAD #E{H (% 1)

Soppelsa (2019) FFAtA [E & RFIHYITEEERFIRG THESER PR
ST BBV REE A BRI AR B AR BB N A A Y E R - AR
Seh A RSBy TR A% T R P RE R I (SR R R b BT T
FfE ~ BZEE (3R 2) - 120 M EEREFEE ¥ HG4H 19.2% » L100 M N EREFEE ~ I - Ef L
N EREZEE S Ry R PR B 0 L100 3 R AF B Bl ny B B S A R4 5-6 % - B TR
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MEpREHAEE I R FEERAR - FENEEAR > EIMEN T EREYEFE
E ° Dzung (2007) WFE8UR - B2 T 2R EERERS I YIS R H e G F AR > ATREN
iy SR EERAtER K EEYE R - EF (2006) WFTiEH - IEEE T
WAL IHRE DA TR iy o R BRI & R B RO S B S M B0 TR R & &
T e R B A B A 38G - L20 B 1100 4% T St 3 i85 SPAD 3E{H( %=
1) Re(e MO C G ER > A mDAMERKIEEY) » A& B A 2 T
o

Bt 2% T R EERE PR (R BT R NI EYE & > 155 (Abdel-Mawgoud et al,
2010) ~ mi%E (Dzungetal., 2011 ) ~ F#fl (Bitellietal., 2001 ) Z o AzkEm Ko FE5%T
TSR E s & TR& T BEH > DUR D 85 T H0E L20 SRERE &
72 H20 40 83.9% o [EIHRFUE A% | 2 e B AR AR AHEERERE AN 2.43-3.90  Brix FREMEE (&
3) > AJREIN ReMEt s | R EEAE RGN 735 A SPAD SREEDLESEAER » sEtEIDEFE1bE
VIR R - HEMRE N0 TR EHIRENE T AT & | R B B A = R R CL B A
2 C &8 L20 WERELL = N BIIE4H 57.6% 5 H20 4E/E % C &8s » i & T BE T
IR C 3R 1.3-1.9 1% (£3) - 4% (2003) Hm/NEREMEGRMES T
TEEASAEIE MR B4R C HYS & - Soppelsa 55 (2019) & T R A 567 b ATHY
17.9%REE 18%RELHE > HALAMIIMEER C &8 @ (FER A T R e
DRV R A T DU A T he = He AR AR B PR a5 o

* 1. AEDREETE& TREY SF SRR FER - B BE - B
HE 18K SPAD FE{H &

Table 1. Effect of different concentration and molecular weight chitosan on leaf number, leaf
area, leaf length, leaf width, crown diameter and SPAD value of strawberry ‘“Toyonoka’.

Treatment® Leaf Leaf area Leaf Leaf width Crown SPAD value
number (cm?) length (cm) diameter
(cm) (mm)
CK 11.67 ¢ 36.92 ¢ 937c¢ 8.33¢c 9.25¢ 47.70 b
H20 13.67b 36.66 ¢ 13.47b 9.77 ab 11.38b 5123 a
H100 16.00 a 44.84 be 13.90 b 9.03 bc 14.49 a 51.40 a
L20 16.33 a 54.79 ab 16.40 a 10.47 a 14.88 a 51.73 a
L100 16.33 a 58.55a 15.33 ab 10.83 a 1444 a 50.80 a

Means followed by the different letters in each column are significantly different at 5% level
by Least Significance Difference Test. (n=5)

X CK: Water, H20 : 20 mg L high molecular weight; H100 : 100 mg L' high molecular
weight; L20 : 20 mg L' low molecular weight; L100 : 100 mg L' low molecular weight.
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*® 2. AEREETER T RS SR SafEiritt EEER N EEE - 528 -~ ]
BHEROKIEEY) - e B2 E

Table 2. Effect of different concentration and molecular weight chitosan on fresh weight, dry
weight, soluble carbohydrate content and starch content of strawberry ‘Toyonoka’ shoot

and root.
Treatment®  Fresh weight Dry weight  Soluble carbohydrate Starch (mg kg™!)
() (2 (mg kg™
shoot  root shoot root shoot root shoot root
CK 068b 1.57¢ 0.15b 031b 258.92¢ 253.08b 2708.55a 1709.55a
H20 2.80b 487bc 094b 1.10ab 553.08b 266.57b 1397.55b 890.55 ¢

H100 1220a 8.66ab 292a 1.86a 549.15b 272.54b 1402.05 b 886.05 ¢
L20 13.76a 6.23ab 330a 1.29ab 600.90a 339.20a 1453.05b 1004.55b
L100 1346a 950a 33la 220a 564.08b 341.36a 1078.05¢c  1058.55b

Means followed by the different letters in each column are significantly different at 5% level
by Least Significance Difference Test. (n=5)

X CK: Water, H20 : 20 mg L™ high molecular weight; H100 : 100 mg L high molecular
weight; L20 : 20 mg Lt low molecular weight; L100 : 100 mg L* low molecular weight.

*® 3 AEREEyTER T R SR EEREER - WANERY (HEE) A
THERETE - BEMRLL R AR C BB 2

Table 3. Effect of different concentration and molecular weight chitosan on fruit weight, Total
Soluble Solid (TSS), Titratable acid (TA), TSS/ TA ratio and vitamin C content of
strawberry ‘Toyonoka’.

Treatment®  Fruit weight TSS TA TSS/TA Vit. C content
(9) (" Brix) (%) ratio (mg LY
CK 5.27 ab 5.57¢c 0.64b 8.70 ¢ 667 C
H20 342c 8.00b 0.66 b 12.12 b 1280 a
H100 433b 890ab  0.65b 13.67 a 900 b
L20 6.29 a 8.63 ab 0.63b 13.71 a 887 b
L100 5.95ab 9.47a 0.74 a 12.88 ab 933 b

Means followed by the different letters in each column are significantly different at 5% level
by Least Significance Difference Test. (n=5)

X CK : Water, H20 : 20 mg L™ high molecular weight; H100 : 100 mg L™ high molecular
weight; L20 : 20 mg L™t low molecular weight; L100 : 100 mg L™* low molecular weight.

‘o8& T FEtERERFNERER > AEEARERIREEEZR > NIEE
20mg LB TR 4% | R EEEREAE 4 8 i "8F EEERER BER
HEE  BREILHEER C 28 - AVPRERBUR T R HERE ©F 564
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