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RECENT DEVELOPMENTS IN TAIWAN TEA RESEARCH

Tsai-FFua Chi u] |

Abstract

Chiu, T. F. 1986 Recent Development in Taiwan Tea Research. Taiwan Tea
‘Research Bulletin 5: | -

Taiwan Tea Experiment Station. which was established in 1903. is the only tea
research organization on the island with four branch stations, The function of the
stationis to: (A) Calrry out breeding experiments, improvement of cultivation techniques |
(including soils & fertilizers, tea plant protection) and farm management. (B) Study new
methods of tea processing, tea chemistry and quality. (C) Introduce tea machinery and
establi_sh' the mechanical farming and irrigation system. (D). Conduct extension service of
techniques for tea growers and manufacturers, Main research achievements in recent
years are as follows:

1. The six newly bred tea varieties, TTES No. 12, 13, 14, 15,16, and 17, were
registered and releﬁsed to-growers. These new varieties are suitable for manufacture of
semi-fermented (Paochong and Oolong) tea with superior characteristics of fine qualtties
of the made tea and high yields of fresh leaves.

2. Nutrient culture of tea cuttings in tubes with medium of vermiculite, peat moss

“and sand- mixture have been carried out successfully with rapid grewth and high
percentage of rooting., The nutriei_it.tulture of tea cuttings has more advantages than
‘traditional soil culture of tea cuttings, the former is expected to be the most economical
and popular method for the tea nursery in the future,

3, Field tests on the four_s-ynthetit:'sex pheromone of tea tortrix moths and smaller
tea to‘rt_rixs shaived effective, especially Adoxophyes sp. (Japanese product), in attract-

~ ing the male moths of the tea tortrixs. Since the synthetic sex pheromone attracts the
males for at least two months, sex pheromone usage in large scale iis proposed for
' controlling tea tortrixs.

4. The relationship between chemical components and quality of Oolong téa has
been studied, Caffeine and amino acids contents showed a higher positive linear
correlation with the Oolong tea quality, whereas catechins, soluble solids. total n_i,trogen
and theobromine showed a highef curvilinear correlation with the quality. Stepwise
multiple regression te_chntiques were used to select the best multiple regression equation, |
The following .-e_quation with R*:0.992 and F-value; 24.85 was obtained for predictinpg
Oolong tea quality.

 Y=389.92+141.26 TN - 115,01 log? TN +8.98.log CA + 1.13 log Cat.-555.65.
log $S ~ 178.49 log? SS - 5.57 log AA - 0,93 log? AA
Note. TN, Total nitrogen; TB, Theobromine; CA Cafféine: Cat. Catechins: SS,
Soluble solids; AA, Amino acids.

/. Director of Taiwan Tea Experiment Station, ,Yangl,mei, Taoyuan Hsien, Taiwan 326,
R. O. C.
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~The area of tea planted and h_arvestcd in Tatwan now is 28,784 ha and 26,531
ha respectively with annual production of 24,365 _'n_'ll-._t. of made tea including grecn-tea,
black tea and partially fermented (Taiwan) tea. The taste of Taiwan tea, such as OOlong
and Paochong, is well like by consumers both domcstlc and abroad.

Taiwan Tca Expummm Station, which was wlabllshud in 1903, is the only (ca
research organization on the island with- four substations. The function of the station
is to: (1) Carry out breeding experiments, improvement of c.ul.ti_v:;ltic_'m techniqucs and
farm. management. (2) Study new mcthods of tea progessing and tea chemistry and
qua-]i"ty.' (3) Introduce tea machinery and establish, mechanical farining and irtigation
systems. (4) Con duﬂczt extension service of techniques for tea growers and manufacturers.
Curi'ent rescarch in t’ea,-breeding,. tea cuttings, sex pheromones of tea 'tortrix moths and
chemical components of Oolong tca are as follows. '

1. The Breeding o_f' the Six Ncw_ Tea Varietics.

The two new varicties of TTES No.  12 and No. 13 werce. officially registered
in 1981, These varieties were SGlcctcd from 229 F, h}rbﬁcls- and | clonc of line
segregation, They had been '.invest.igatcd for local ztd-apl‘.;,l-h!ilily':altScmra-l tfea 'pl;miing .
districts in the ccentral and northwest parts of Taiwan beforc they were registered.
The yiclds of green leaves of the two new varielics were higher than the local varictics

of Chin-hsin-ta Pan and Chin-hsin Oolong. The quality of Paochong tea and Oolong
tea, which were manufactured from these two new varieties, were better than those

of the local varieties especially in taste-and flavour. - _ .

Another four new varieties of TTES No. 14, 1‘5 16, and 17 were officially
registered and released in 1983. These new varicties were selectcd from 1433 hybrids,
‘which were crossed in 1960, after investigation of n-ursﬂy-sel@tion, productivity and
- quality tests and ]océl_ adaptability. These four new varieties were more resistant to
drought than Chin-'-l‘lsin Oolong, which is a leading variety for Paochong tea processing
in Taiwan. TTES NO-. 14 and 15 have the_fi;m‘-:St' and most stable qualities for Paochong
tea a.nd. Oolong tea processing. TTES No. 16 and 17 have the characteristics of early
pl'ucking, vigorous growth and high yield. The agronomic characteristics of these new

‘varietics and-the check varieties are summarized in the following tables.
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Table 1. Origin of F-, hybrid-s',tjf new tea varicties '

‘New varietics -

Female parent x Male parent

TTES No. 12 Tainon No. 8 x Ying-chih-hung Hsin
TTES No. 13
TTES No. 14
TTES No. 15
TTES No. 16
TTES No. 17

Ying—-chi"l‘hh-u ng Hsin x Tainon No. 8
Tainon No. 983 x Pei-mao Hou
Tainon No. 983 x Pci-mao Hou
Tainon No. 335 % Tainon No. 1958

" Tainon No. 335 x Tainon No. 1958

Table 2. Yields-f and nitrogen and catechin contents of new tea varieties and cultivars

* Yield of green Tolal Total

Date of
Varieties leaves by hand st nitrogen catechins
- Plucking kg/ha - plucking % DW % DW
TTES No. 12 5063  Fcb.9 395 1298
TTES No. 13 3,925 Feb. 10 3.94 1243
Chin-hsin-ta Pan 3,519 ~ Feb. 15 3.52 13.19
Chin-hsin Oolong 3,185 Feb. 28 3.44 12.04
TTES No.5 3,102 Feb. | 3.67 12.30
TTES No. 14 2,569  Mar. 6 4.2 19.23
TTES No. 15 2,911 Mar. 4 3.75 18.90
TTES No. 16 3,876 Feb. 19 4.15 18.69
TTES No. 17 4,352  Feb. 24 4.24 22.65
Chin-hsin-ta Pan 1,440 Feb. 28 3.90 16.07
Chin-hsin-gung Tayy 1,989 Feb. 20 4.55 17.13
Pei-mao Hou 1,164 ‘Mar. 6 3.92 16.92
Chin-hsin Oolong - _ 3.99 14.58
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 Table 3. Sensory testing scores for Pouchong tea qualitics of new tea varicties and

Note. *Scores of high grade Pouchong tea.

**Maximum scores of each item of tea qualities.

~ cultivars
Item
Varieties Appearance Colour  Colour  Flavour  Infused Total
made tea mad-e tea  liquor & taste leaves score
C20)**  (20)*%  (20)**  (30)**  (J0Y**  (100)
TTES No. 12 15.0 15.6 15.9 22.8% 7.4 76.7*%
TTES No. 13 15.0 15.3 15.8 22.5% 1.2 75.8
Chin-hsin-ta Pan ~15.2 13.5 16.0 21.2 7.3 75.2
Chin-hsin Oolong 166 15.5 159  222* 74 77.6*
TTES No.5 150 155 158 216 7.5 75.4
TTES No. 14 151 152 15.8 22.8% 7. 76.0%
TTES No. 15 15.6 15.6 15.3 213 7.2 75.0
" TTES No. 16 15.3 15.8 15.5 22.3* 7.4 76.3*
TTES No. 17 15.2 15.2 15.8 21.9 7.3 75.4
Chin-hsin-taPan  15.4 16.2 15.8 215 76 76.5*
Chin-hsin-gung Tayy 15.3 15.8 15.6 213 15 75.5
Pei-mao Hou 15,7 15.9 15.8 21.7 7.4 76.5%
Chin-hsin Oolong 15.6 15.7 16.0 22.4% 7.5 77.2*



Recent devel-opment.s in Taiwan tea research

Table 4. Sensory testing scores for Oolong tea qualities of new teavarietics and 'cu,lt,iva.rs _

Chin-hsin Oolong

Note. *Scores of high grade Oolong tea.

k*Maximum scores of each item of tea qualities.

15.5

Item

Varieties Appearance Colour  Colour  Flavour Infused  Total

' made'te'a_' ~made tea  liquor - & taste lcaves  score

-(20)**? . (20)** (20-).** . ,(30)** (10)** o (100)

TTES No. 12 15.8 159 12.8 225 1.4 74.4

TTES No. 13 15.5 15.8 120 215 73 72.1

Chin-hsintaPan  15.5 157  13.0 21.5 7.2 72.9

~ Chin-hsin Oolong 15.2 15.3 13.8 - 21.9 12 73.4

TTES No.5 155 15.7 12.0 220 7.2 - 72.4
TTES No. 14 17.0* 169 162  23.3* 8.4 81.8*
TTES No. 15 17.4* 172 155 23.1* 8.6 8.8

TTES No.16 167 16.6  14.7 225 8.1 78.6
TTES No. 17 17.1*  17.0* 154 224 8.3 80.2*

Chin-hsin-ta Pan 16.5 16.4 15.1 22.6 8.1 78.7
Chin-hsin-gung Tayy 16.1 159 154 221 8.0 715
PeimaoHou  17.3*  17.2* 145 23.4* 8.3 80.7*
15.5 142 224 7.4 75.0
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2. _Nu-trien.t Culturc 01 T 'ca' Cuttings in Dibbli-n,g__ Tubcs

The traditional soil culture of tea 'cuttingq' has been used mainly for ycars to
_pmpagdte tea plantlcts in Taiwan. It has some dlqddvantdgcs, such as. renewal of nursery
s0il (smuk soil problem), soil diseases, weed control, lower percentage of rooting, 1011g{,r
time of growing plantlets ctc. The nutrient culturc of tea cuttings in dibbling tubes
can overcome these defects found in traditional soil cu_.-]'t_ure_' of tea cuttings. The dif-
fercnt formula of media filling the dibbling tubes for .plal-*iting:.tca cuttings and mecthods '
of nutrient application have been studied.

xFﬂ’ccts of dil"l"ert,nt mecdium cmﬂpositiom"u*dﬁ'g, soil, san"-d- peat moss and vér—-
mlcuhte ctc., on the growth of tea cuttings (var. TTES No. 12) were investigated. Blac,k
Iplasllc tubes with a size of 18 cm (length) x 4 cm (diametcer.of opening) were used to
hol_d culture of tca.wttmgs. .The experimental result showed that soil ster ilization W1th
Chldropicrin Of pa’stcm‘ization is necessary for the growth of tea CUttihg'_sx in tll'bc'.c'u,ltme;.
S'tc_riliz.'cd soil or sand mixed with pcat moss or vermiculite are suitable media for the
tube culture of tea CUttiﬁgs as shown in Table 5.

Studics of the application of ‘nu:t.richt. solution are now underway. Dr. Hewitt’s
Long Asliton Standard Solution, University of Bristol. U. K. is used for the tube culture. '
An ammon-ilj'm éalt (NH-4 NO,) is used in the nutrient’ solution due to tea plant’s pre-
telencu for ammonium as nitrogen source. Proper comcntratlons of nutucnt solution
and the time of its application to the tubc culture are going to be dctcrmmcd

3. The use of Synthctl_c, Sex Pheromone for the control of Tea ’,loltnx Moths zu_"ld.
Smaller Tea Totrixs. .

The s‘ynthctic scx pheromone, labled As(f-3), Adoxophyes sp., Homona magna--l
nima_.and_ Homona coffearfa from Japan are sct in the field to attract the malc moths
of the tea tortrixs. The former one is set with 4 traps and the latter three arc st with
2 traps -re‘;ﬁcctivcly The number of male moths attracted by .-cach‘ of these -f‘out' syn-.
thetic sex phcnomoms are 470, 159, 266 and O respectively 1r0m Oct. 1, 1981 till
Jan. 29, 1982 ('lablu 6).
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Table 5. _Eff_ects of the medium compositibné-on th’e_growth_Of tea cuttings in tube

Treat-
ment
orig.
No.
CK
. F-8
F-9
" F-6

F-15
F-10
F-12

F-1¢

culture.
Shoot ' 'Root
Medium ‘Length No. of Wé_i_ght ‘Length  Weight
Composition cm leaves g cm g .
Nursery bed _ 10.8%¢t 7.3%>  (.93def 6.8°°¢  2.899¢
Non-sterilized soil 9.2 4.0°% 051' 3.9 1.63°
. Sterilized soil o 1_1__'2&&1' 5'3.cdef ,'0.86"‘. 57d 3-80_0‘-13

‘Non-sterilized soil + peat o

o - | | 8.9“' ,3'_51’3
moss _ _ o
Sterilized soil + peat moss  16.9* 7.8

| Ndn-sterilized soil + | '
L - 8.8t  3.3¢
vermiculite

. Sterillzed Soil +vermiculite 16 4ab 8 4a
Sand sterilized by chloro-

e St __ | 15.098 7 ga
picrin + peat moss + vermic. |

Sand steslized by pasteuri- »
R -~ 15.5%kc §.]*
zation + peat moss + vermic.

0.54f 6.5  3.39d

1.56° 11.4*  10.04%®

0.45¢  3.54  2.46%
1.69* 12.12 8.3Q2be

1.45%b¢cd 12 52 - 9.45%0

1.50%¢ 11.8*  10.51*

- Note. The reSUI_t in the table are selected fiom the data of the 17 treatménts.with_-st-a-

tistical a-halysis‘ 'Figure_s 'follow_ed by the same letter within each column are not

~ significantly different at 1% level according to Du_ncan?s multiple range test.
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Table 6. Number of male moths of the target insect attracted -by'syl'mtheti'c sex pheromone.

Sex j"I\ir..m" Oct.1- | Oct.14- N-ﬁ,v;,f- © Nov.14- Dec.l-  Dec.i5- Janl-  Jan.15-
Pheromone™ Oct.13  Oct31 Nov.13 N-w.305 Dec.14 Dec.31 Jan.14 Ja/n.29_ Total
As (f-3) _ - o - .

(4 traps) 26 98 38 23 _ 38 83 106 58 470
Ado_xophyes

Sp. (2 traps) 22 27 33 11 29 21 16 159

Homona mag- R o | ' -
nanima 58 40 20 3 46 70 24 200
(2 traps) - | '

H coffearia o

i eeak o* 0o ©o0 0 0 0 0 o0

Note. *The test was begun on Oct. 24, 1981.

The density of the smaller tea tortrix moth and the tea tortrix -moth is hlgh from
May to September accordmg to our previous records of light traps. So, according to
our data, the effect_, of synthetic sex pheromone is very good. The number of smaller
tea tortrix was 213"rand'728 attracted by 4 sticky traps labled As(f-3) and Adoxophyes
sp. in the 2nd year (Table 7). Since the synthetic sex pheromone is attractive to the

males at least for two months, its future_usage in large scale is proposed,

Table 7. Number of male moth of Adoxophyes fasciata attracted by two synthetxc seX

pheromones
o Time o o | -
Sex N\ Mayll- May15- Junel-  Junel6- Julyl- o
Pheromone May 14  May 31 June 15 June29 July 19 . 9_3
As (£-3) 16 68 77 - 29 23 213

Adoxphyessp. 27 156 208 165 172 278
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4. The. Rclationship bcthcn Chemi‘ca'l Com'poncnte and Quality of Qolong ';Te.;.-l.“
Oolong tea is produccd in summcr by half—fmmcntatlon Although its way of
manufdcturmg was learned from Fukien, Taiwan tea manufacturcrs have madc great
'I1mprovcment after carefu] rescarch and-dcvclopment. Before 1881, Oolong tea was
the bnly kind of tea _ produ-ced in Taiwan and it w:as..f.irst exported into intcrnatibrml .
. market gaining a .good 'rep'utation for Taiwan tea. Oolong tea has-following 'qtml-iticq
(1) Cup: A bnght golden colour of amber. (2) Aroma: Dellcatc fragrance like the aroma
of a ripe pear or apple. (3) Taste: Oolong tastes fragrant mild, pure, sweet and long
lasting. This is the most special teature of Oolong (4) Appcarancc 'lhc fmest Oolom,
has plenty of white tips in browmsh leaves and looks bcautlful Oolong tea of very hu:,h
quality, which is produced from affected (damaged)_ leaves by grass hoppcrs (111sects),
18 called “Pwong-Fueong tea” by 'local name. But unfoﬁlmately, all merits of Oollong
‘tea in colour, aroma, taste and appearance hdve been forgotten by the tea drinkers
of the present'géneration and Paochung tea has replac_ed 'OOIOh_g-_t-_ea as the chiefly con--
sumed tea, in Taiwan,

The relationship between chemlcal components and quality - of Oolong tca was
_studled Nineteen - different grade of tea samples were collected dlrcct]y from the.
factories in those Oolong tea producing area for a correlation study. Scores of the tea
qualities were recorded by sensory tasting and chemical analyses of soluble 'SQlids,
total 'nitrogcn; theobromine, caffeine, catechins and amino acids were cdndﬁctcd The
_.'rclatlonsmps between each ‘chemical componcnt and scores of sensory tastmg Were
stat13t1cally analyzed. B '

The results of correlation analysis (Table 8 and 9) showed that: (A) The higher
caffeine -conteﬁt the bigher scorcs of sensory tasting (qualify of the tea) was seen.in the
linear correlation analysis of Table 8. After applving Stevens l'aw transformation, the
correlation cocffmlent of amino acid content with scores of scnsory tasting was signi-
.flcantly increased. (B) The hlg,hcl correlation coefficients of total mtrogcn theobro-
mine, catechins and soluble solids contents with scores of scnsory tastmg werc obtained
in curvilinear correlation analysis of Table 9. It indicates that if these components
are excessive or lacking, the r_ésult is unfavourable to qualify of OOlong tea. After ap-
plying. Stevens law transforn‘na't:ion', the cprrelation coefficients of total ni_trogejn',

theobromine contents with scores of sensory tasting were significantly increased. .
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Table. 8. Correlation coef ficients of lincar relatioms between chemical components.
and scores of sensory tasting of Oolong tea.

., Correlation coefficient ()
Chemical components S .

) ~ r(w) — r(g)

Total nitrogen. - 0.556 0.581 0.685
 Theobromine- 0.734 0.729 0.893
Caffeine 0.910 0.888 _ 0.893
Catcchins . 0.709 0.685 0.688
Soluble solids 0.624 0.752 0.400
Amino acid - 0.241 0.256 0.725

Note. r: Correlation coefficient of original data,
1(w): Correlation coefficient. after applying Weber-Fechner law transforma-
tion with log form of chemical componen_té data.
1(s):  Correlation cocfficient after applying Stevens law transformation with
,_ilog_ form of both 'chémical; components and. scores of sensory 'tasting‘.'
data.

:S'iép:wisc *regreSSio.n - technique was uscd to select the best multiple regression
eqUation. The linear or curvilinear correlation rélat-i-onships amohg ;.six-chemic'a;l com- '
ponents and scores of qu_alilgty taétin’g were selected for flttmg the model of the predic-
tion of Oolong tca_.qUality._ After testing all the postulated equations, the f011‘ow'ing'th',ree'
(1, ii and 'iii)_'. regression equations, which have higher correlation coefficients of 0.992,
0.994 and 0.996 respectively, were obtained for using in the pre’dic_tipn. of the quality
of Oolong tea,

‘@) Y= 391.61 + 140.74 log TN - 11 5..2..5é-1,o.g2-' TN+ 9.51 log CA -- 5.5__f'7,-.9-4-.
log'SS —~ 179.88 log? SS — 6.33 log AA. R? = 0984,F=2643

(i) Y= ?2.;_22._"?ht3-26_.85"-1-og TN — 26999]022TN + 16,94 log CA — 40.28
log Cat — 20.52Jog? Cat — 13.11 log AA — 1.21 log SS — 0.161
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log 1/TB.
R%2= 0.988, F = 13.86.
(iii) Y = 389. 92 +141.26 TN — 115.01 log, TN + 8.98 log CA+1 13 log.

‘Cat — 555.65 log SS — 178.49 log? SS — 5.57 log AA — 0.93 log? AA
R%= 0.992, F=24.85.

Note. TN, Total nitrogen; “TB, Theobrommc CA Caffeine; Cat Catcchme SS Soluble
solids; AA, Amino Acids.

Table 9. Correlation coefficients of curvilinear relations between chemical components

and scores of sensory tasting of Oolong tea.

Correlation coefficient. (r)

Chemical components

iy

r r(w) 1(s)

Total nitrogen 0.717 0.710 0.796

‘Theobromihe 1 0.750 0,730 0.934
Caffeine 0.344 0.844 10.894

Catechins - 0.726 0.472 0.606

~ Soluble solids 0.768 0.757 0.695
Amino acids 0.351 1 0.310 0.390

- Note: 1, r(w), r(s); Same as those indicated in Table 8.
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