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Effect of Cl and SO, Treatment on the Composition of Minerals,

Sugars and Organic acids in Citrus unshiu

Sung-Jun Song and Zang-Kual U.

Summary

The effect of Cl and SO, treatment on the contents of sugars and organic acids in mandarin juice

was investigated from 1984 to 1985. In 1984, Cl and SO, were supplied by foliar spraying and the sand

culture method to determine the change of inorganic elements and sugar contents in the leaves. In the

second year, the contents of sugars and organic acids in the fruit juice were analyzed to determine

the effect of the Cl and SO, foliar application.

1.

Separate foliar applications of Cl and SO, increased the contents of Cl and SO. in leaves,
respectively. The P and Fe contents of leaves were higher in the SO, treatment than in the Cl
treatment but the contents of Ca, K, Zn and Cu were higher in the Cl treatment.

. When Cl and SO, were applied individually to the sand culture, the contents of N, Ca, Mg, Fe,
and Cu as well as SO, in leaves were higher in the SO, treatment than in the Cl treatment. The
reduction and non-reducing sugars in the leaves increased more with the SO, treatment than with
the Cl treatment.

. The foliar application of SO, increased the contents of reducing sugars and total sugars in the
fruit juice. HPLC analysis showed that the concentrations of fructose, glucose, and sucrose in the
fruit juice were higher in the SO, treatment than in the Cl treatment.

. The concentrations of titratable acid and total acid in the fruit juice were lower in the foliar

application of SO, than Cl. According to HPLC analysis, SO, treatment decreased the citric acid

and oxalic acid contents of the fruit juice but increased the malic acid.

Consequently it can be concluded that a foliar application of SO, is preferable to Cl as it increases

the ratio of sugar to organic acid in mandarin juice.
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Table |. Chemical properties of soil tested.

Sampling pH

sites (1: 5

N(%) P(%)

Total Total Available
P(ppm)*

SO‘ e
(ppm)

C] [ R ]
(ppm)

Exchangeable
base(me/100g)
(IN-NH,OAC,pH7)

Ca Mg Na K

Chochun-ri 5.5
Ara-dong 5.0

0.22
0.59

0.56
0.42

35.3
7.80

283 058 170 108 74 81
028 010 030 041 135 98

- Bray No. 1.

** Water extraction

sssGaturated Ca(H,PO,), extraction, pH 6.5.
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Table 2. Experimental design for foliar application

of Cl and SOQ,.
Treatments Fertilizer sources
Cl 0.7%
Cl 1.4% KCl
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Table 3. Composition of the normal solution
supplied for the sand culture.

Constituents Concentration (mg/1)
Ca(NQ,),-H,0 169
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KH,PO, 44
Mg(NQ;),-6H,0 118
Fe(NO,)s 4.33
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H,BO, 0.03
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Table 4. Composition of the nutrient solution treated in the sand culture.

Treatments Concentration
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Microelements : Fe img/], Cu 0.02mg/1, Zn 0.05mg/l, Mn 0.5mg/l, B 0.5mg/1, pH adjusted : 6.5
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Figure |. Chromatogram of sugar standard



-PAK C,; catridge(Waters associates)S ¥ 3}
A7 H =24 ARZ o438ttt (Nomura
5, 1984), ¥ 4ol A&F 771 E liquid
chromatograph(Water associates MD 206) o] 1
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Table 5. HPLC conditions for sugar analysis
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Items Conditions
Detector : RI, Attenuation x8
Column : 4 Bondapak NH, Column(3.9cm X 30cm)
Mobile phase: Acetonitrile/water(77/23)
Flow rate: 1mi/min
Sample load : 44 1/injection

3) A% dAlzzetE gt o {7
4 24
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Table 6. HPLC conditions for organic acid analysis.

Items Conditions
Detector : UV 214nm(x0.1) or 254nm(x0.1)
Column : 4 Bond-pak Cis
Mobile phase: 0.4M KH,PO, at pH2.2
Flow rate: 0.9ml/min

Sample load : 5u 1/injection

UV 214nm #2712 #7104 25 E4E &4
% 7=} tartaric acid, oxalic acid, malic acid,
citric acid o] DU EE TF F FH= A1
o]59o] Eirgolel Aol FAMe ALH 4
Bond-pak C;s column®] ¥#&j5o} £z Z#4
tartaric acid & oxalic acid & peak 7} 7 A
2, citric acid ¢} malic acid 7} 2|5/ A 3t
t} (Figure 2). 28y UV 254nm ol & oxalic
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Figure 2. Chromatogram of organic acid standard
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Table 7. Effect of the foliar application of Cl and SO, on the contents(%) of Cl and SO, in the leaves.

Cl SO,
Treatments Young Old Young Old
leaves leaves leaves leaves
Control 0.31 0.59 0.64 0.47
Cl0.7% 0.39 0.83 0.51 0.42
Cl1.4% 0.44 0.94 0.61 0.58
Cl 0.7% +Urea 0.5% 0.38 0.86 0.46 0.70
Cl 1.4%+Urea 0.5% : 0.4 0.97 0.64 0.75
SO, 0.7% 0.24 0.74 1.09 0.65
SO, 1.4% 0.20 0.70 0.97 0.88
SO, 0.7% + Urea 0.5% 0.19 0.63 0.96 0.82
SO, 1.4% + Urea 0.5% 0.15 0.64 0.88 0.90
Control : No treatment of Cl and SO,.
Table 82 Cl 2+ SO, & EEMIEY L Ao A=
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K52 % of jaiA P ko] Zrisicte ¥ noE
FERS AY, 7Y =5 Frlsle g

el AEFE JEhlgie
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Table 10. Effect of Cl and SO, treatment on the contents(%) of Cl and SO, in the leaves from the sand

culture
Cl S0,

Treatments Young  Old  Young  OM

leaves leaves jeaves leaves

Cl 50ppm 0.21 0.45 0.25 0.33
Cl 100ppm 0.20 0.51 0.24 0.27
Cl 150ppm 0.27 0.47 0.24 0.35
SO, 50ppm 0.16 0.37 0.27 0.42
SO, 100ppm 0.12 0.42 0.30 0.44
SO, 150ppm 0.13 0.38 0.32 0.47

ol g 32 Table 1134 7},
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P,K9 dA%¥x+ Cle: SO,xele sl

A dstsA egkn, A9l PRael Felnc
3tk

SOAHFS A% SOME +Fo] Frhgol
@t N, K, Ca, Mg5e) 93 %3el 37hsisie

Y, CAz T A$e a9 e APL ¥o
A okoket.
Cl#l SO, & AHejsled 7oz Hujg 27

el oYL A Table 129 7o},
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Mn, Zne] 32 Cl=x SOl 28 Cl3 SO,7F #7188 53 m(RTH FA7%T
Hohg dgo] glgleu} Fe, Cus dFdare B, 2o kol wlAE odL Table 133
ClEck SO A ejol] ofs) = Fheke] Zsls]: 7 e,

o] o v}, Algdel #A$ oduwiEoz (Clidg SO, el

Aledel FedEysrt SO AMe]Fxct Clag ol8) MyTHE, FEMTE, IS FHAIn
TollA 4eiAE Pe A ol AYoH ol&dl, o]+ Vladimirov(1945) %< SO.7t %
AL Ast dAsle Ao ClA: Eho wlo] Ag), sedcte] kg FAAAZdE 22

Fedtarg 7taAzickn 478, b FUY AT Helx dgled, FHelME
Znsl AFFFE THES Aol o, soAelel ofs BUPel YL wgou, vl
Mn, Fe, Cus& FGold 2 $ake] ¥3tch, #4993 Ae ClA ol Foh.

Table 13. Effect of Cl and SO, treatment on the sugar contents{%) in the leaves from the sand culture.

Reducing sugar Non reducing sugar Total sugar
Treatments Young (O] Young Oid Young Oold

leaves leaves leaves leaves leaves leaves
Cl 50ppm 0.44 0.41 . 1.13 1.70 1.57 2.11
Cl 100ppm 0.36 0.32 1.06 1.99 1.42 2.31
Cl 150ppm 0.40 0.37 1.09 1.93 1.49 2.30
SO, 50ppm 0.50 0.38 1.50 1.59 2.00 1.97
SO, 100ppm 0.46 0.40 1.16 1.84 1.62 2.24
SO, 150ppm 0.52 0.44 1.27 1.61 1.79 2.05

SO.8f d=AluIZ 2 A5 brix s, Mx

del2. Clo SO, REBI A2 M 4y gwrm, 2mel o9 e Table 14
3 BBl o|x= 155 7o,

Table 140 4 2+ u}9} o] brix teql A

42 e 84 Ae¥e 108 HEAN 2 1% AN BUBYelE 2D, CL

F48 Fohsd aF AAY SRR (ARE, SOzl brix L Aol Eeixl yix

1972), =% MTH, FRTHS 8UYH 108 % oha SO8 EFHE ebuslch 24 A

A e F453] Folele, $ULLS 2Felx A A171el 9 9259l ClA ol a4 brix o

% 7bshel 12400 H3 Yol FUHER, £ B4, SOA ol 8 brix ohe o
1981), cleig JEF AKAAE Fool Clb Zas=3c,

Table 14. Effect of the foliar application of C! and SO, on the brix sugar contents of juice.

Sampling dates

Treatments Avg.25 Sept.25
Control 4.1 5.6
Cl 0.7% 3.5 5.5
Cl 1.4% 4.0 5.4
S0, 0.7% 4.1 5.8
SO, 1.4% 3.9 5.7
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Table 15. Effect of the foliar application of Cl and SO, on the sugar contents(%) of juice.

Sugars Sampling

Reducing sugar

Non-reducing sugar Total sugar

dates
Treatments Aug.15 Sept.25 Aug.25 Sept.25 Aug25 Sept.25
Control 1.52 2.79 1.22 2.02 2.74 4.93
Cl 0.7% 1.72 2.33 1.06 2.17 2.38 4.50
Cl 1.4% 1.76 2.65 1.10 1.77 2.95 4.42
SO, 0.7% 2.22 3.46 0.88 2.09 3.10 5.55
SO, 1.4% 1.92 3.47 0.73 2.36 2.76 5.83
THE(1969) 0] EXollA SO0l & Hxo 1712 zAbsted 2.gkrh(Table 16).
ZAEHE 2% AH LAYl (Table Salel 4 27 DAFLHLS fructose & 3ol
15) 1,2& AlgAHA71E %—5}04 Cly o} A 3, 104 stE7d3eElE sucrose ¥Fol
SO A ezt B, HY5 FA4FS FE fructose &gk ot Eolzlt glucose 3L A
7 gkol St A7 7% A9 dAsdn rada de A
gz oiw v)ate 2 SO,7t HAe HE 22l (KE, 198D, 1 A7 2% 2&
ol 28 FdEAE ¢ £ slA= Clo| & 22 fructose< glucose >sucorse 2.2 Az %
HE el4stge AFE AR e X2 olxz gtk zEv SO @b ®2
(Header, 1975) ¢+ 44 144 SO,7} Clect 7 fructose, sucrose &#< Foln ok, =¥ A

Yo wdPS FrAATE A st FAAA
o SO,9 FHAulel oM rEE BAY
o] Zdsl Hol FU2 g A AF FHSH
chateko| Zrisjalel A7E

7a Rl S fructose, glucose, sucrose
2ro axste] HEe weolg Fxdhke
& & et
1002 =
130-170, glucose & 70¢°l=ti
gha 2 Agolde C ®2&
Sue elE 3717

ol
=

4ld © 2 sucrose
%l fructose ©

a4y x Qe o
SO, oA Al 7t =

o Aol oW d dEe

=

7 F

t} (glucose + fructose + sucrose) & & SO,
Hejol] SshA Z7b® Aoz debsteh 23
2|2 4] 7]l 7% fructose 9 glucose ¢l ¥
Eolxle 7

Q

o
spolut,
ziEe @

E 3] sucorse &Hako] i %
alt}. SO 2l7F fructose,
o HuHoez

Al

A

A
4
se 3+

) 8441 2)

glucose, sucro
Rog vop dxZAo] 7lodgt
o},

o] Tottingham (1919) 52 SOl =&
glucose o+ surcrose % FA &7 1ot JA
o ohe FUE AT 2z 474

Lid

o7 #gx

AN

L

2 &

Table 16. Effect of the foliar application of Cl and SO, on individual sugar contents(%) of juice.

Fructose Glucose Sucrose Total sugar

Aug. Sept. Aug. Sept. Aug. Sept. Aug. Sept.
Treatments 25 25 25 25 25 25 25 25
Control 0.67 0.69 0.70 0.78 0.16 1.91 1.53 3.65
Cl 0.7% - 0.69 0.74 0.25 1.67 0.25 3.10
Cl 1.4% 0.55 0.81 0.55 0.83 0.16 1.75 1.26 3.39
S0, 0.7% 0.44 0.91 0.33 0.95 0.50 1.67 1.27 3.53
S0, 1.4% 0.66 0.86 0.45 0.89 0.25 1.82 1.36 3.57

-: not detectable
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o 23 EHR(1979), K (1981) 59 M 1of
A A 2 A7l A glucose, fructose
2ot sucrose el of ol FrY Aoz ¥
o} sucrose Z7tE A% o] AL Ao uo
w, A3 g9 ©@E& sucrose 3kl o84
3549 oz AL

Cle& SO AlHlol o3 BEt ol vl &
°d 82 Table 173 #t},

(=g

ZATFE UYL Agtalo] 25155 4
Zste] 9 zoll Hujgtake el osiE
A, 1970), 2 ol% 104 F&AAE 44 7
283 ok (AFE, 1972),

Table 17-14 =2, Eao] 251(8 Y25
d) E=E Z£A71(94925%)0 =F SO, H e
Hop Cloll 28 A4, Agat, A4l So] =
e HATh 53] 1.4% SO,x 2ol 7}

Table 17. Effect of foliar application of Cl and SO, on the organic acid contents(me/ 100g) of juice.

Organic acids Titratable acid Combined acid Total acid
Sampling dates
Treatments Aug.25 Sept.25 Aug.25 Sept.25 Aug.25 Sept.25
Control 33.00 22.30 4.15 4.00 37.15 26.30
Cl 0.7% 32.36 23.19 5.19 3.70 37.45 26.78
Cl 1.4% 32.36 22.49 4.72 5.89 37.08 28.38
SO, 0.7% 31.89 23.19 4.45 3.40 36.34 26.59
SO, 1.4% 31.34 18.79 5.74 4.60 37.08 23.39
AR AREFE ¥olw Qlglony, ol Az A7HE zArste] 1 A% E Table 180 viebu
© EEERN o WMEEAY sL54S A4} e,
3t ez ol (Viadimirov, 1945), Z X (F rEe] AEEre Wl citric acid el
B, 1969), ZF (%, 1983) 59 7 $ol4 g %, 8¢ol 2 3ol HE Molm, 2% 4
RBnvt ol sldtdsFn g}, A3 ZasEE ol (ARE, 1972, 1978 ; #4,
FES AT 2 H#ML citric acid 9 1980), Cl =+ SO Mg, wHzEToll4
malic acid(91-95%) oI 1.2} succinic acid, ol9} L& AL vJEju o gl 1, 23 A3

-ketoglutaric acid, tartaric acid, oxalic acid =
o2 =Hol dedl(dER, 1970), Cl3 SO,

Az} ol g

714

citric acid &% malic
acid, oxalic acid 5-ofl th3}e] ojuwl gL =7

Al7] 2% Cl

sl e

acid & eko]

QA A%

N

{2l -2} SO, 2]l A citric
73 gkolglct, Malic acid
120 A H A 7jol) Mat SO, 2] 71 o
Cldejqold 1 g

of BasT 9t e

Table 18. Effect of foliar application of Cl and SO, on individual organic acid contents of juice.

\Qrganic acids Citric Malic Oxalic Total
acid(%) acid(ppm) acid{ppm) acid(%)
Sampling Aug. Sept. Aug. Sept. Aug. Sept. Aug. Sept.
ates 25 25 25 25 25 25 25 25
Treatments
Control 2.45 1.77 42.3 2.9 804.3 916.4 2.53 1.86
Cl 0.7% 2.62 2.02 10.7 3.6 665.8 848.2 2.69 2.11
Cl 1.4% 2.70 1.79 8.4 2.8 529.8 278.2 2.73 1.82
SO, 0,7% 2.60 1.74 26.7 2.0 157.5 94.3 2.62 1.74
SO, 1.4% 2.42 1.75 34.2 4.0 119.6 88.7 2.44 1.76
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M), Somogyi-Nelson %ol eldiy ZAd
gEsteksl FahH Aol oM dL 2EYA
| (248/%%), 2212 HPLCol o&id 4
5 REE/ MRS GHE Tkl Auleig Aol
Bolxm xuk, SO Ao 2& Zwluist FA
2L 2o F3 Yok vE mWIAA 2
o #7014 gFE FHEA ZHA F oo 84
3 AAE A& 4 UA G ool A Lol
ZA#e 2 o Z3EAe xE7} He ¢ #
714kl Wl A7) HAME Clics
S0,¢ =AYyl szt s,
F EFAANAE A AEAE 2 Folvt &
2% o] &% oAl HAEst do 2 olFolA
of & Zog e,

Table 19. Effect of C! and SO. on the ratio of brix sugar or sugar to total acid in the foliar application.

Brix sugar® Total sugar** Total sugar***
Total acid Total acid Total acid
Treatments Sept.25 Sept .25 Sept.25
Control 4.41 2.93 1.86
Cl 0.7% 3.22 2.63 1.47
Cl 1.4% 2.97 2.43 1.86
S0, 0.7% 3.41 3.27 2.03
SO, 1.4% 3.80 3.89 2.03

* The ratio of brix sugar by Abbe reflectometer to total acid by titration method
** The ratio of total sugar by Somogyi-Nelson method to total acid by titration method
**+* The ratio of total sugar by HPLC analysis to total acid by HPLC analysis

2 Q
&3]

¥ A3 Cl3 SO M7 AEFA R
7hosle m ATl vlxe dYE ot
27 Sl MpRAES AYANEE o] BAT
f ez, 1984d5ols BpAHu ot AR
% %3t C17 SO% AP o FEUF
e, Lol ofgA Hdt=sE 2B
2, 1985950+ Cla SOE dH4¢ &
Ae AERAFY D4 FolAERe oiXe
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