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Effect of Nitrogen Split Application on Growth and
Quality of Okro Tea Leaves(Camellia sinensis var. sinensis)

Keun Cheol Lim and Jang Hyun Park

Tea Experiment Station Chonnam Provincial Agriculture Research and Extention Services, Bosong 546-804, Korea)

ABSTRACT : The split application of a nitrogen fertilizer was applied at the levels to 3, 4, 5, 6 and 7
time. The results of yield and quality of Okro tea are summarized as follows: Among five treatments,
the growth and yield were somewhat more excellent in the five time split treatments compared with
other treatments. The chemical components such as total nitrogen, total amino acid and vitamin C
were somewhat higher in the five time split treatment compared with other treatment. However, the
content of components such as tannin, caffeine, chlorophyll were not different among plots of 4~7 time
split apprication except three time split application manuring. The content of fatty acid was producted
2,888~2,933mg/100g. Especially, the content of oleic acid, linoleic acid and linolenic acid was the
higheat in the five time sphit application. Sixteen kinds of free amino acid including theanine as a
good taste component of Okro tea were isolated and measured by HPLC. Theanine in the five time
split application was higher with value of 72~513mg/100g than in other treatment. In scoring test, tea
appearance and interal qualities of 3 time split application become lower than any other treatment as
80.2 point, while five time application had the highest with 84.7 point. Conquently, those results meant

that five time split application was optimum split application of fertilizer for high yield and good
quality of Okro tea.
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FH, EERAL & o F8 2
W Aot (KA, 1988). S22

HARA] A B2 AL HEe A 5

| 24 A&ES Psto] AT dAFHAE A
Aol & kA2 HHW 1k F

Hal 8, dukge, o
o3} dad kA, 1986). I EA Al Gxt )
o Bt ou & S Aol U AR ER
Fefrel Qs dutAajAldle BY 100kge] 3l
A4 3kg, 94 1kg, 718 1. 5kgo] AF3dht, H &
Ao A= AA 6.5kg, 94 2.5kg, 7 2. 5kgo]
A289vn . a2y HEERS 24 #
F A S 2 9 EBA7E FA A vlE vEE
Dol ALg317] W) Fo Aol wal AT B oA
TE A, QA T 2 E 5 YoEE AN
Al QubAE L o] Fe] Fo7t Fastttm it
(KA, 1986). 2Pl = 782 tF& F7helA
AL EY JET A o] ojFoAn YET o
FE 227 A3 FAE Fe] Wield A%
"o} (KA, 1988 5 Tadashi, 1997). ¢k tid oA
5o BEASLE By AL¥EE /MEHEE
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Table 1. Nirtogen split volume at Okro tea field

2 2gge ) 9~104 30%, &4 3~44 50%,
8 3 20% 5 33 FE 103 o] ZAIA TheF
aHA BaiA 3 YTk (FEHE%, 1979 1 KA, 1986).

melx, 2 d7s AAHE BAESI 24
Q9 A& 2 TAAY g VA= IFe T
EEREL =S

e Y FiE
2 A gl ALgE ApEE A AT Add
A g FLdAY THAN AuFY kR
(Camellia sinensis var. Yabukita) & 4 A=
180x30en 2 12d7F Apuste] 3 70emQl FellA]
£ 194 HodFE upel Zoldtd 77
27m Gy e o 2 A2 she] 97~'99d 3zt Al
2 et 13 AF GRS 70%) & 4 2~
4, 29(8Yzh), 23 A% (RFFE 95%) & 4. 30~5. 11
1247 744 % 2043 AAEH 3, A¥le 84
s -dade 2 ) AA 80kg/10a, U4, Z
2l 40kg/10aE 393 108 Fod 44
20kg/10aR AH&3I 3, 713 ¥ E (FA9H =
B) = g8n g9 501 50% 22 Al 83T
agln L2ty 9] oldey AL & 29
Zro] B9 pHE 5.4 2yt LESY H pH 5.8

EREC

o)

(kg/10a)
Month middle middle early early middle middle early
Time of Feb. of Mar. of Apr. of Jun. of Sep. of Oct. of Nov.
3 - 32 - 16 - 32 -
4 16 - 24 16 - 24 -
5 - 24 16 16 - 8 16
6 16 8 8 12 12 - 24
7 20 4 8 12 12 16 8
* Total nitrogen volume = 80kg/10a
Table 2. Chemical properties of Okro tea field soil
pH oM AV.P,0, TN CEC Ex.{cmol"/kg) EC
(1:5) (9/kg) (mg/kg) (9/kg) (cmol*/kg) K Ca Mg (ds/m)
54 277 963 39 20.2 2.1 54 28 0.15
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B ozt @2 AgS BHou, Ko é*oﬂ °ok
b pH 4.0~5. 5 AR kA, 1988). E%
18& 27.7g/kg2 U} REY HT 2, Og/
ket B& gFoln, FEUATY Zele 2E
4 HT 494mg/kg, 0.62cmol’/kghTt B
963mg/kg@ 2.1 cmol’/kge| =], ol= 2} Aju)
of @& &AL AM 2 A3 A4to] Ekd] 3}
JAE 2t AAE, A8 Fo) 29 Ca,
Mg 5.4, 2.8 cmol' /kg¥ 92, Leluet & EF
o] Ca, Mg9 4.1, 1.2 cmol’/kgBt} <7t B &
ol AT

ANEZAE 59 1144 ZF AEdA FAC Y
2kg¥ AF 3t Fat A7 5 o] &3] A

o

p

N

Zx O =
T = I'JL}L.

F A EABE HHAE L RPN AR ALE
S, ARE WEED F o sie] AR B4
NEZ AERGT. EXE U Aok 163

7 SEAGY A Fd UNE I

total amino acid, vitamin CE ZXONESHTE: (2
5, 1990), chlorophyll2 /NE 5(1977) 9 W,
fattty acide (Quin %, 1958) 9] WHO 2 free
amino acide FEAIR 1g& 80T &9 3~43 F&
3 3,000rpmol A 1087 942 F FE54S 4
3 0.45m millipored] EFA|A EXgAo 7 Flo
ol gyt o H
Fluorescence Detector (model FP-920 ; Ex 345nm,
Em 455mm) 9| A Column< Finepak AA pak Nal -S
(pd. 6X 100mm) & NH; trap column$l AEC Pak Il
(p4. 6 X 50mm) 2 Pump: Pu-980, Pu-885 2ti &,
LV-980-3, Column oven<

0.6ml/min, column temp.

OPA precolumn system$

Solvent selection unit<
CO-965Z, Flow ratew
60CE ATt
TsdAE AR 2gS
o] 50mm, & 200ml) ol

A 2L 7] (990~ 100mm, 2
Wil 90T B 150mE 3o

amino acid &% 2 L-(+)-ascorbic acid, 2R AE T 1049 HAMIE] KEERE (TR
caffeine$2 Sigmaijit (USA) A1 &<, L-theanine: 5, 1988) & &3 @l FA, A, YAY &
HARRABTEMES, ethyl gallaters BAR{LE 7}, &4 u = 548 s 3 1008 HEe R
T8 08 AH439 3, methyl alcohol 5 &= 3t o).
AZvtEaY e BALE, I v AlYE EF4A]
ok AMEEY T, No9 HerbaE 99.999% 145 R AU ER
gasE AH&-3FATh
=i &) A [ ] AL
Ao A% Y e $2UFA pA NG g7 EAATAGELSRTE
ZAL 712 (1995) o) E3tda, R4 e vy (& A Bpd 2 S2A9Y A 2 FHS £
5, 1989) o wak =334ttt tannin, caffeine, 33} Zrou, 5~73] BAl= 3~43] A Hl3] 4l
Table 3. Growth and Yield of leaves of Okro tea
Nitrogen New shoot Weight of Yield of PBS™

split application  number*  length l No. I|eave§ 'e?gi‘s 100 buds fresh leaves

) i %

(Times) (ca) em e om (e (©) (kg/10a) (%)

3 201 117 40 49 19 217 244 73

4 216 11.9 41 52 1.9 235 260 74

5 227 12.8 4.2 54 2.1 24.0 275 74

6 224 12.7 4.4 53 19 23.7 266 74

7 230 12.8 4.4 54 20 23.9 299 74

* number of new shoots =10cm x 180cm ** P.B.S : Percentage of banjhishoot to the total
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2%,
Ao, 5~7 Az A9 A7t VYA
FAdT. EMEL 33 RAIE AYsta 4~73
A7V TA% 2 Tdsqod ol 21.7~24.0g
He 2 33 :rl\] 7} 21.7gC 2 7} A, 53 B
Al7b 24.0g22 71F o AEFFL 244~
275kg/10a 0 9| 2 EA R 571 371 Foll we} 74
e Aol oy, 53 EAdA 275kg/10a8 F

I FEFE JER T 63] B2 266kg/10a, 73] EA)

AL Te=E
269kg/10a2 70| ZastAtt. AW HF

—_—

£

okt

(1972) = 5~63] BAIAA & o] %zt Z7bsh}
63] ol EA] RE e FFd 9 7AA Ft
o Hungded 2 A8 279 fAS AL B

T Ao

StA
Ho

AR e

7+ Aed AL FFS & 404 AF 53] BA
7} 5.24% 2 ko] b wetm, 33 BEA|Z) 4.
97% 2 TFol b} Atk #A] 345 53712
FA% FF] F7HEALY 63 5EH FFo| 7
e Aol vk, FHMBRZEEE (1974) o o}
FAL FL BASFIES, 4,5, 63 4w, 5,
64, 5.78, 5.89, 5.82% 2 53] BEA7RA| & ko]
Z7hotth 63] HAIRH o] 47t padda B
2R, & AGEHY FAR A el £
A5 Mg Fopr At L 3,199~3, 915mg/
100g M2 53 B4 (3,915mg/100g) 74X BA)R

=SR2 xlo| 5t

=]
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Table 4. Contents of chemical components of Okro tea

7} St wrel gkol Frkstke
Wi, 63 EA] (3, 844mg/100g) ¥
STt &ke b, A gl o] FaHE F ‘Mol
gde 10.91~11.27% HAZ, 33 EAA 10.
91%=Z o] 718 AU, 63 FAA 1L.271%E
o] 7 BUY. BB EREE (1974 9
Bag HW 3, 4, 5 63 #AIA] ©d FEFE 12
03, 12.03, 11.82, 12.03% 2 EA3Fd] W& 3
ZF 3ol 8 A B gl oy 53 EAA BrA 2
H]3) 3ol QPJ Ses 45 Ul A Al
FteQ S BY 3, 4, 53 BEAIA] 3.41, 3.45,
3.43% 2 ¥FA7F A Aoy 6, 73 AN
3.65, 3.71% 2 o] ozt Frhshe ol
ol A& HEA Fol & st JAE Y
| BAIE S Bold £ 5 A o §e g
249 A9 Azd

Z+ Aed 424 FHE 2Y 560, 2~611. 5mg/
100g B2 EAEF7F 75t met &l
Vate S £ 4 U, 73] £AIA 611, Sme/
100g22 ﬂﬂ‘i} < 33 EAIA] 560. 2mg/100g 2
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2 FAGHE B e ole Ml 5 (1988) o] B

g gEL ?é} < BAIBF7 4SS5 Fhet
E A%E E93, 5~73 EAA 3~434 8~
113120} o] Botttn Bud &3 4X3e
7ol HgYl C $FE 133.1~163.5mg/
100gM 9 2, 53] B4 (163.5mg/100g) 7HA & &

o] Z7kahY, 63 BARE g Arste A

N-split T-N* TAA™ Tannin Caffeine Chiorophyli Vit. C
(Times) (%) (mg/100g) (%) (%) (mg/100g) (mg/100g)
3 497 3,199 10.91 3.41 560.2 133.1
4 513 3,458 11.22 3.45 581.9 142.6
5 524 3,915 11.01 3.43 604.2 163.5
6 515 3,844 11.27 3.65 598.1 1431
7 5.18 3,740 11.15 3.71 6115 146.8

*T-N : Total Nitrogen ** T.AA : Total Amino Acid
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HIRRR S (1974) o) 2w u)
3, 4, 5,3 ¥4 1931 901 89.

o rlo pay

653 —1—/\] Al 100.

* 99Ed o

74, A e

Zy A2 At dFe F 54 MY 23R
WFAEQ] palmitic acid (Cis. o) 9 stearic acid (Cyg: o)
2T EX3A WA oleic acid (Cis.y),
acid(Cis.,), linolenic acid (Cy.4) 3% S
THHATY, °|F EX3} AWakal Cy. 3]
7 B3, 950l Csi0 Cisiz, Cisiny Cisi o0l
oh, A AR Cy. 02 552~604mg/100g™8 9 2
FER EABRSF 0 BAV) Qi 43 B
AJA] 553mg/100g2.2 A TS, 33 EAdA
604mg/100g2-2 H1FFE Vet Cy. 02
51~62mg/100g2 2 A&7t FFA7E A9 YU
X3 AP Cy: e 221~252mg/100g8 9 2
43) EA1A 252mg/100go.2 HngES Jehdn
53] EAIREH #FFo] A AT Cu.. & 532~
596mg /100g2.2 Ci. T FAIG A FS BF ey
43] #-A1 7} 596mg/100g0.2 TS HYT, &
A7t FAEFE FFo] Aad] 73 EAA

linoleic
5& 5& o]

Table 5. Contents of fatty acid of Okro tea

N-split Content of fatty acid(mg/100g) Total
(Times) Cis:o Cis:o Cis:t Cisiz Cisio (mg/100g)
3 604 62 221 532 1469 2,888
4 552 59 252 596 1,471 2930
5 563 60 248 586 1,476 2,933
6 603 51 236 540 1,473 2,903
7 582 56 226 554 1,491 2909

* Cie:0 : Palmitic acid Cus.o ; Stearic acid Cys., : Oleic acid
Cis:, : Linoleic acid Cy.5 : Linolenic acid

AR5} g2 Y4 EQ)
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554mg /100g°I AT}, Cy:32 1,469~1,491mg/
100gS.2 33 BAJA] 1,469mg/100gS 2 A g
S B33, BASSIE S7hEel wheh Eko] ot
2 73 BAJA] 1,491mg/100g. 2 Fnete By
ot & Aat dEkg 2,888~2,922mg /100gH 9
Z 33 BAE AYstn 4~78 EAlE )
A9 i

. frejobm At

Zk A fropuleat FFe X 64 Ee
AAY 2,983~3,683mg/100g =2 3, 4, 53] &
A|A] geFol 2,983, 3,263, 3,683mg/100go2 ¥
A 37} 57}2}"i o] S7kshe A &olv 6,
73] EAIA] 3,607, 3,589mg/100ge.2 o] A
stk 24 AE fEjotr At T FFe] M
28 AL theanine & & 1, 707~2, 220mg/100g°]

o, ForAtel i Hful&2 58.8+1.6%
Ath oL argininel 2 487~628mg/100g L2
AA g 16.9+0.6%F 2AA Y1, FAIRAF7}
Hojd42 Y FHgol grdte FFIR
t}. glutamic acid& 203~230mg/100g B 2, 6.
5+0.4%% aspartic acid¥ 139~152mg/100g2.2
4.2+£0.5% % Afst AU, serine 113~
129mg/100gS 2 3.5+0.2% & alanine 84~
98mg/100g WA R 2.6+0.1% 8 A3 AN
o, 718} frejolr| it e 13~40mg/100g% 9
2 F T dig Afrdol adA A Fu.
B EREE (1974 & Y EA35d oe
theanine %2 1,756.1~2,069. 9mg/100go 2
33] EAIA] 2,069.9mg/100go-2 &1 &FS e
W3, aspartic acide 283.1~551. 2mg/100g,
arginine 149.7~199. 0mg/100g, serine 70.1~128.
3mg/100g, alanine 44.8~60.5mg/100g2 &
theanine? L AEFS Bz, oA &
B A¥0E Aoldl A9E HYged, ol AlM
F, ABAE, EYF T Hpde zold 7]dEn
T AzEn.
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Table 6. Amino acid composition of Okro tea

N-split Content of free amino acid{mg/100g)

(Times) Asp* Thea Ser Glu Pro Gy Aa Val lle Lleu Tyr Phe Lys His Arg Total
3 141 1,707 113 203 21 16 84 27 29 24 22 32 19 19 39 487 2983
4 142 1913 121 210 20 17 88 29 31 25 21 30 20 20 40 535 3263
5 152 2220 129 226 15 13 98 31 32 25 18 31 17 20 39 619 3683
6 139 2,141 123 230 16 18 94 34 34 27 19 33 22 21 43 613 3,607
7 132 2148 119 216 18 15 90 33 30 25 18 32 19 21 41 628 3589

* Asp : Aspartic acid Thea : Theanine Ser : Serine Glu : Glutamic acid Pro : Proline Gly : Glycine Ala : Alanine Val : Valine lle :
Isoleucine Leu : Leucine Tyr : Tyrosine Phe : Phenylalanine GABA : y-amonobutyric acid Lys : Lysine His : Histidine Arg :

Arginine
4. ZAE o mE WERY

ZF A BIARELS E 74 BE AAY 3}
o g F= FAL 15.7~16.98 Alo] 2 53] HA
7} 16,9802 /A% E4n, AHL 16,2~17. 04
o2 BAZF F7) 5E F3EPY o, 63

EAFE 2zt AEo] Y& Aol At 53 %
A7} 2 & H7HA 33,9402 71 gy,
ole AF Td=st A /HFI Aoy, sKk
Fdo| FHlo] Yx o] 97| wFolt}. 39
WA & 48.3~50. 8% AtolZ &L 15.3~17.23
o2 53] ZAAAM 17.2302 71 ¢ ifs};’i

FAE 16.1~16.94 02 g3} 59 A 131

o, e 16.4~17. 28 2.8 63| A7} }o ¥ 3 5}
[T &Y g#7AFH WA S B BFHIAA
53] # A7} 84.7- 22 ErA e 8] 1.3~4.5%
o Bol AltEAo] J53S & F Utk B

Table 7. Quality evaluation of Okro tea products

Sensory evaluation(100point)

N-split

Appearance(40) Quality of liquor(60) Total

(Time) (100)
Shape Color Aroma Color Taste

3 15.7 16.2 16.3 16.6 164 802

4 157 168 164 161 170 830

5 16.9 17.0 17.2 16.9 16.7 847

6 165 169 160 168 172 834

7 166 164 16.9 16.4 170 833
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e 74~864 HYAEd, 33 EAI7F 86" oA
i, BARSE7E 748 53 EAIAl 142 HA
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78402 7t A

dehion, 63 BAIA 7
Ao Aol @ A

W E

Asle £23e] 3 4
ZERU R °3’—P 2}, 53] £A17} E
§3 3o B gA e Hisl &
Fotu| At W EHIC gheko] 7 Beken
Fhslel, 484, FHYT TFL 3FEA
1983 4~73] AN A AL Zfol 7} %’131‘3}
AF &eke 2 888~2,933mg/100g°1R 2, &
53] BEAld A& oleic acid, linoleic ac1d ,
linolenic acild o] 714 €t} S2a A%
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