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B 1 5. - % #F X’ (Annona atemoya ‘Tainung No.1-Green jade’) > S5 ¢ 35
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Kdeiz e b (Asiming) % F 7 &8 > ARG ERE DL AR A
squamosa, sweetsop) ~ 4 + § # i< (Annona cherimola, cherimoya) ~ § # f# ¥ (4.
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2,551 2 0 5 LB 2379 2T 3G Af 93% };ﬂﬁ@}_;ﬁﬁa ##
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Fig.1. Appearance of plant different Annona species varieties. (A) A. atemoya ‘Tainung
No.1-Green jade’, (B) A. atemoya ‘Gefner’, (C) A. squamosa ‘Damu’ and (D) 4.

squamosa ‘Red skin’.
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Fig.2. Appearance of leaves in different A. species varieties From left to right A.
atemoya ‘Tainung No.1-Green jade’, 4. atemoya ‘Gefner’, A. squamosa ‘Damu’

and A. squamosa ‘Red skin’.

R LB - BFR s d CBHES & o2 5 - <P HRAp
RN N A LA NG O S S mf“’”?-‘ﬁ'ulf“,{?’v'tw.ﬁ:.ﬁ ";% 1 5 -
FR HhEERE R AEET A2 B - AP g AR oy
% (R3)-

“; () uwiﬁww

@%Hﬁ-zﬁ%%%ﬂ JB\ AL FE idw ABEBN LREBEHH

MIMI|IIIIIIII1 I \II!M IIH I IIl \'I\‘ I lI'H e WI|I iIH I l||‘ i Vlll I ‘H!I\H’!l 1 ‘H‘ AT \w LD Ul
gslo 9 20 1 :45573930

lIIIMI (T IIIHIIII\ L] IH\ | I|I fl LT

B3 %k a‘;?ﬁifﬁmi@_f FbBLo(A) ‘SRl B - BFR > (B) hHEE
O eh25 -<p" & D EqgFrk -

Fig.3. Appearance of leaves in different 4. species varieties From left to right A.
atemoya ‘Tainung No.1-Green jade’, 4. atemoya ‘Gefner’, A. squamosa ‘Damu’

and A. squamosa ‘Red skin’.
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Fig.4. Appearance of fruit in different Annona species varieties. (A) A. atemoya
‘Tainung No.1-Green jade’, (B) 4. atemoya ‘Getner’, (C) A. squamosa ‘Damu’
and (D) 4. squamosa ‘Red skin’.
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Fig.5. Internal appearance of fruit in different Annona species varieties. (A) 4. atemoya
‘Tainung No.1-Green jade’, (B) 4. atemoya ‘Getner’, (C) A. squamosa ‘Damu’

and (D) A. squamosa ‘Red skin’.
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Table 1. Table of distinguishing characteristics between new varieties and control

varieties.
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" 2’ Green Jade Gefner Damu Red skin
EY £ (2339+18.0) ¢ (183.5+11.8) {&® (107.9+8.0) & (116.7 £ 12.6)
(mm)
ELER % (1393 +£16.7) % (91.6£9.5) F (52.9+8.3) &% (44.2+4.9)
.. (mm)
OO ELE /e ¢ (L)) 4 (2.0) L (2.0) X (2.7)
' Ay sy L4+ 4L 4+ R gt
'A% [f12 &) f12; B4
4k b ik 2 MR et A
TEE £ %4 k4 F %4 £ %4
EERE R £ (3924+484) ¢ (31.10+£4.77) ¢ (30.58 +4.85) 4 (29.86 +4.92)
= (mm)
s £ (31.83+626) ¢ (24.93+239) £ (28.58+3.81) 4 (20.96 = 3.64)
(mm)
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e
£ (g) % (607.1+83.8)  + (547.8+135.1) -+ (888.2+494) | (2532 +71.1)
% £ (mm) £ (1242+6.1) £ (1099+11.1) £ (100.7+1.1) ®(79.0 £ 11.4)
%% (mm) ¥ (98.2+5.2) % (101.0 = 1.0) 4 (1011 £ 1.1) 4 (74.5+92)
% A4, % (1.3) % (L.1) ¢ (1.0) % (1.1)
L WHEER 4 (3.5+0.6) ¢ (3.9+0.6) X (6.0+0.4) ¢ (2.6+£0.8)
7 (mm)
WA + &4 5 %4 wE Wi d
SRS 3 46 = 7(5) x 1t 46 = 46 =
R N LRy =) ki
Bk
%A pd ¥ %4 ¥ %4 ¥ %4 H i d
RpEVAME & QLI+ &H (25.0+22) #3 (223+0.8) #7217+ 1.5)
254 (°Brix)
fE+pEd ki 2 d Bk 120k ¢
B "nar 2 o A £
B3 EFIEEF T L (388 15.10) ¥ (59.2+8.3) ¥ (56.8 + 14.3) (4744 8.7)
o+
£ (g) #= (0.5+0.1) ¥ (0.5+0.1) #= (0.3+0.1) i (0.3+0.1)
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Breeding of the New Atemoya (Annona spp.) Variety
'"Tainung No. 1 - Green Jade'

Hsin-Hsiu Fang, Kuo-Tung Chiu and Wen-Li Lee

Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment

Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Annona spp. is a distinctive fruit of Taiwan, with the main cultivated varieties
being ‘Taitung No. 2 - Damu’ and 4. Atemoya Gefner. To enhance consumer diversity,
the hybrid breeding method was used to develop 4. atemoya ‘Tainung No. 1 - Green
Jade’. Its characteristics include a triangular-conical fruit shape, a pointed calyx end, an
average fruit weight of approximately 607.1 g, a fruit length of about 124.1 mm, a fruit
shape index of approximately 1.3, a scale groove width of about 3.5 mm, yellow-green
scale groove color, water-drop shaped scale patterns or skin texture, yellow-green skin
color, an average seed count of about 39, a ripening period of 4 - 6 days, and a fruit
pulp soluble solids content of approximately 21.1 °Brix. Compared to the main market
varieties, its primary advantages include large fruit size, low seed count, strong aroma,
high moisture content, and high edible ratio, with excellent taste and strong market

competitiveness, offering consumers a diverse choice.

Key words: atemoya, sugar apple, new variety.
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&K v E g (Tomato leaf curl disease, TLCD) 4 iv & ¥ i@ %‘ﬁ?{a‘
> ERFFAZTEET AT H a7 P AFZ ARG 46T
BEROPISRE AT Ty2 2 Ty-3 A5 % A ARN 104 B %E”\»}Se‘.
LFl % fie5 S5 1 84 BEEICF T Ty2 & Ty-3 Fop & T
¢ E 81% AR RN BRI E S EE R RS R Y Fu SR
FHLARRE PGSR ERE - SFE-H R FEE A0 FREER S S
A AFERFIBERFAT RS E IR 2 }P‘H{ng%ﬁ A B
0% % S IR ATIL SRR LR FHe RE R AR ERL
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3

% 3c (Solanum lycopersicum L.) & 22 KB o 2 A EHL 7 22 £ &
R RREAIEARRER cTER AEFEF L F LI ER LR
REIFFFET AT EFTRERRT I PERS XA G BB FFG
i fapad P B0 WREL L (Silverleaf whitefly) @ 44 so% £ 5
(Tomato leaf curl disease, TLCD) & #2 F b € g 2 -  § fivk $%p+
g NMEVHEHBY CERT SRR REFATERE T 2 %7
BUERZEBF AT AT E O HE RSB GAEL (4h0 2022 g
A 2013) -

dONEA EEUERG e D RELLBHLE F T e B T AR
£ IL2 ¢ (3R 020245 3% 2023 5 #F 0 2023) 0 P oW B SR S R B oRih
s wg o s & fiva i B §acy B RLE ~ ficB E ittt
R AN LR EROFREARPZ LB ERET FHRE 50 2D 7 EP

e B E RN, 3 112 3 114 2R > AE &R 2R R
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Fao Al e a‘i%iﬁ:@@i%gg@ﬁ G Tt BIRSER L 5 it E 4
B2 ii®i o

FU* &3 3kl 26 § il o

ETRSE T BpAT ML R K P o a7l vt > ¥
FI* &+ HEEH 4 E 1 (Marker-Assisted Selection, MAS) Hojkr > #& 2 3 Jsc 5 2
beif it AL ¥~ (Hanson ef al., 2016 ; Prabhandakavi ef al., 2021) - Ji& % &~ + &
B PUL A Fl A g 0 A et T B BT g dode kv B R AT A
(Hussain et al., 2025 ; Yang et al., 2025) o ‘57 7 ¥+ > :)I%:i FulbAp b AL F]A & &
w4 Facd R ¢ o B P02 Solanum peruvianum LG & FOE § OFUL T R
(Hussain et al.,2025) B # ¢ fwdz 3 g do3s Eopp M oot A 7o 42 Ty-1/Ty-3
Ty-2 ~ Ty-4 ~ ty-5 %2 Ty-6 (Dhaliwal ef al., 2020) > FEfid T /a4 B I 4 f& 4 ic
v %—#@},%Esﬂ%% MED P2 Ficp LR

W dviig T AT B LEE Ty2 & Ty-1/Ty-3» & 4 sadp 8 @ Fup A 7
1 5g i it (Hanson ef al., 2016 ; Kaushal ef al., 2024) - Ty-2 £ F]k p 3% 4 §
3w Solanum habrochaites > 3% 7x F| % #% — #8 NBS (nucleotide binding site) -LRR
(leucine-rich repeat) ¥—¢ > 5% Ry & fede % 5 &3 M (Shen ef al,
2020) o Ty-1 4= Ty-3 A FIR| K p 32 0% 4 & 3% Solanum chilense » 5 B~ 3 7 42
Ty-1 v Ty-3 5 % I &7 (Jietal,2007) > 6 #3490 Ty-1 & Ty-3 24k &
FlA 2. % A F] (allele) > %75 - #& RNA iz #f 7] RNA X & fi# (RNA-dependent
RNA polymerase) » i%if RNA # 2 (RNA silencing) #5434 ¢+ T,%:)J%fr ek IR o
# ’}@ tRenfr @5 4 (Verlaan et al., 2013) »
TERPN L HAeE R S BE R AR PE L BY L
- W;}é » 1 A &35 P1-16 (Hussain et al., 2025 ; Yang et al., 2014) p]:& Ty-2 A
F1A] 0 2 & F A P6-25 (X X 5 2018 5 Jietal,2007a ; Ji et al., 2007b) ipl:# Ty-
3AFA AFHALT 10 T2 ¥y REFIFEY DNA e FHEs
P1-16 2 P6-25 & {7 % & p=i 4y ¥ & (Polymerase chain reaction, PCR) % 7 /&
1703 % o o 2 P1-16 7R Ty-2 A %131 F % & & s (homozygous susceptible’
S) & %13l ~ F i & iy (homozygous resistant » R) & FI3| A 4~ i 2§ 4 %
% 600 bp (ty-2) % 300 bp (Ty-2) » £ 74 & (heterozygous > H) #% F12| R p¥ &
7 600bp 2 300bp 4 (B 1A) > 12 P6-25 iRl Ty-3 A F13 > o ¥ 2 Flix
F % 5 320bp(ty-3) 0 @ FpE A FRA B 2 T@;%rﬂ’*' Ty-3 % Ty-3a- if
F =% 5 450bp (Ty-3) % 650 bp (Ty-3a) (B 1B) » 3 2 % v 5 A 2 g 1L 4% —
3 (Nevame ef al., 2020 ; Nithyanandam ef al., 2025) o MR 1l BE ERMAEF
A2 A Ty2 2 Ty-3 1 ¢ RRFFS LR HATY (Ty2/Ty-3:S/S)
S CERRRET A REFE Ty2 2 Ty-3 é%%ﬁvﬁsﬁ'h‘ g
&R (Ty2/Ty-3 :H/H) chifhit A4 ~CF P~ % % &7 Jaw & 3 25
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BUoEm 2 FEie 2 F2 Ty3 485 Ty-3~Ty-3a A F45 84~ plp’s
1 B W Ty-3a $uft (Ty-2/Ty-3:S/H): %8 3 8 & ffu & 3% 25
2O Ty-2 #u (Ty-2/Ty-3:H/S) (B 1) -

Bl 1. 124 5 385 P1-16 2 P6-25 A~ WifgRl 11 BEP | ichE £ 5473 (A)Ty-
2 2 (B)Ty-3 ig_‘ﬂ“' o AR EL 110 BE R
CPPCS BRI RP BEl BU B3 B Ry T
22 50~ fhw LT ER 25 U e

Fig.1. Genotyping of 11 domestic cherry tomato commercial cultivars for (A) Ty-2 and
(B) Ty-3 using molecular markers P1-16 and P6-25.
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7] Ty-3 allele
50 4 [ Ty-3aallele
[F7] No Ty-3 allele

Number of varieties
W
o

ty-2/ty-3 Ty-2/ty-3 ty-2 / Ty-3 Ty-2/ Ty-3
(S/S) (RorH/S) (S/RorH) (RorH/RorH)

W2 FP 104 Bo) FicFl RABELLEF G Ty2 & Ty-3 FupA%7 ket
LR (PR EARATII R FFRERRATI S BFRES
F131 > H)

Fig.2. Number of 104 domestic F1 hybrid cherry tomato varieties with different
combinations of Ty-2 or Ty-3 resistance genes. (R, Homozygous resistant

genotype; S, homozygous susceptible genotype; H, heterozygous genotype).
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ok R AF G Ty-2 & Ty-3 i AT ’?‘Jﬁiﬁ"#ﬁ%’:’%ﬁ&% 2R E
ZofE PR TR S R AR RS G Ty-2 & Ty-3 2 ’Fﬁ”' |2 & B
o IR OT 2 A5 0538 7}@ BN FLRE (% 1) Sxkr o
LR Ty FpA Rl SAep REFERT > FRE R R L n'ﬁ"é‘b IR
Folt o B A A IR R A ’%@ﬁw; Yok 3% 2L
B A it BT RV FLREY RS RS2 R R
% 1. 2 F Ty-2 % Ty-3 éﬂi‘;é%%fﬁ@%é%%ﬁ-@a‘i”

Table 1. Incidence of tomato leaf curl disease in tomato cultivars with different Ty-2

}~?

’

and Ty-3 genotypes.

= 3 PR
B g amy ex FPIRE T g8
B L H H 48 7 3 21%
538 S H 48 13 0 27%
ER S S 48 9 11 41%

S, homozygous susceptible genotype; H, heterozygous genotype.
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Jﬁ&:??rﬁ 0 A3 10%~15% B> X FRa S o n R 4}%%% Mo H ¢
PEAE 8 12~15 HHFRE okt 3 BEAE Ty-2 &£ Ty-3 AR 20k
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22 2k Ty2 & Ty-3 ARUGicsBrF 27 £hE R B Epe R
";’f .‘Fﬁ ‘]\%‘Il; o
Table 2. Field incidence of tomato leaf curl disease in tomato cultivars with different

Ty-2 and Ty-3 genotypes in Meinong, Kaohsiung.
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R, homozygous resistant genotype; S, homozygous susceptible genotype; H, heterozygous genotype.
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Prabhandakavi et al., 2021) o
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Incidence of Tomato Leaf Curl Disease and Field Evaluation

of Domestic Cherry Tomato Cultivars

Miao-Zhen Luo and San-Tai Wang

Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,
Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

In recent years, tomato leaf curl disease has caused severe impacts on the tomato
industry, leading to substantial reductions in yield and fruit quality. Breeding tomato
cultivars with resistance genes is considered the most effective and direct control
strategy. In this study, Ty-2 and Ty-3 molecular markers were used to screen 104
domestic F1 hybrid cherry tomato cultivars. The results showed that 84 cultivars (81%)
carried at least one of the resistance genes Ty-2 or Ty-3, indicating that diverse
commercial resistant cultivars are available in Taiwan. However, growers generally lack
cultivation experience and on-farm verification of the actual performance of these
resistant cultivars. Subsequent evaluations were conducted under greenhouse and open-
field conditions. The cultivar ‘Rosada’, which has neither Ty-2 nor Ty-3, exhibited a
higher infection rate and more severe symptoms. In contrast, in open-field trials, most
cultivars with resistance genes showed high resistance, and the overall incidence of
TYLCV was low. These results highlight the potential value of resistant cultivars for

further application and promotion in tomato production.

Key words: Tomato, tomato leaf curl disease, molecular marker, resistant cultivars.
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1 Aot R R ARANEKZ o
Table 1. Characteristic table of fig collections of Fengshan branch.

A oz 5F (2R) BAEFE (2R) %P (24) #A (°Brix)
EAC LT Golden riverside 72.35+30.1 147.05 0.64 +£0.24 15.55
£ 8 Orphan 69.17 £24.18 125.29 0.69 +0.26 14.87
LR A Deanna 65 +£16.67 98.99 0.69+0.2 14.16
FFE 4 Texas Blue Giant ~ 54.56 + 18.13 99.36 1.01 £0.34 16.56
Bt # % Morocco Alter 23 51.74 +12.71 85.08 1.04+0.27 16.44
rd s Red Israel 48 +£17.64 92.49 0.85+0.24 15.5
WHATR M T Masui Dauphine  46.65 £ 20.66 111.87 0.93 £0.32 16.75
2 s Black Jack 45.8 +£17.41 75.7 0.84 +0.29 14.8
FHE XX  Emerald Strawberry  42.8+8.7 67.77 0.64 +0.12 15.99
MR Martinenca Rimada  42.03 +11.2 65.45 0.83 +£0.37 14.77
PR Paratjal Rimada 40.92 + 10.58 64.35 1.47 £ 0.65 16.17
v ¢ %= Molla Blanca 3945+ 12.21 64.16 0.83 +£0.32 19.12
@B sd ¢ Albacor de Molla
= Blanca 38.13 +£7.88 63.79 0.64+0.16 21.82
Lg% Yellow Long Neck ~ 37.9 + 17.19 80.54 0.51+0.16 1427
&~ 1258 Italian 258 37.3+8.34 59.06 0.91 +£0.39 20.16
&~ flac+ Melanzana 36.48 £12.67 57.95 0.97+0.43 17.28
24 3 Deos Negra 36 £10.8 67.88 0.89+£0.21 18.22
R Panache 3539+ 7.78 55.33 1.39+0.46 16.66
2w Coll de 34.59 + 14.65 98.62 0.96 +0.72 20.89
Dama negra
2304 Black Mission 28.29 £9.07 54.46 0.58+0.18 17.51
&~ 1376 Italian 376 27.96 £9.2 52.04 0.9+0.26 24.43
LUV LUV 27.25+6.12 47.78 0.68+0.2 19.57
EPR2 Socorro Black 27.12+£7.82 51.37 0.67+0.17 21.01
N AEAR TR Bebera Branca 26.41+43 32.49 0.62 +0.09 10.83
BErA S A Osborn Prolific 244+9.4 41.94 0.73 £ 0.31 16.63
T f 2728  Santa Cruz Dark 22.68 +7.82 40.41 0.62 +0.21 17.22
25 Valle negra 2246 + 6.41 37.54 0.77 £ 0.27 21.52
PR R AT ESU Tmproved 19.77 +£7.69 344 0.74 £ 0.26 15.98
Celeste
2L R Noir de Bellone 18.76 £5.7 32.24 0.7+0.21 20.23
25 F Marseilles Black 17.99 +4.75 29.69 0.56£0.1 21.05
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Preliminary Evaluation of Fig Cultivar Characteristics in

Taiwan

Hsin-Liang Chen

Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment

Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Fig (Ficus carica) originates from the arid regions of West Asia to the
Mediterranean basin, with a global cultivation area of approximately 290,000 hectares
and an annual production of about 1.3 million metric tons. In major producing countries,
figs are predominantly processed into dried products; however, in Taiwan, the humid
climate increases processing costs, making the fresh fruit market a more promising
development pathway. Currently, Taiwan has about 50 hectares under commercial fig
cultivation, primarily in southern regions such as Changhua to Pingtung, with most
production occurring in protected net-house systems. The cultivar ‘Bourjassotte Grise’
(locally known as ‘Po-chi Hung’) is the dominant type, favored for its large fruit size,
high yield, and sweet flavor. Nevertheless, its thin skin, large ostiole, and susceptibility
to cracking increase the risk of insect and pathogen invasion, thereby limiting
postharvest storage life and transportability, which constrains further industry
expansion.

In this study, 30 fig cultivars collected from the local market were evaluated
through preliminary screening. Plants were cultivated in 100-L containers, and fruits
were harvested at 80% skin color change. Measurements included fruit weight, ostiole
diameter, and soluble solids content (SSC). Results showed that ‘Po-chi Hung’ had an
average fruit weight of 60-90 g and SSC of 14-15 °Brix, classifying it as a moderately
sweet cultivar. Among the collected germplasm, ‘Golden Riverside’, ‘Orphan’, and
‘Deanna’ exhibited comparable average and maximum fruit weights to ‘Po-chi Hung’,
with SSC also ranging between 14-15 °Brix. Importantly, these cultivars possess
golden-yellow skin, smaller ostioles, and thicker pericarps, reducing the likelihood of
ostiole cracking, insect infestation, and decay. These characteristics suggest their
potential as alternative cultivars for commercial cultivation in Taiwan and as valuable

breeding materials for future genetic improvement.

Key words: fig, germplasm, storagebility.
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Fig.2. Variation of root zone temperature in plug tray surface covering treatments.
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Evaluation of High Temperature Improvement for

Culiflower Seedlings in Summer

Chen-Yu Lin, Hsuan-Ping Chen and Hui-Ling Lo

Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,
Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

High temperatures affect the growth of cauliflower seedlings of plug trays in
summer. Plants often showed small size and poor root ball. This study carried out the
effects of surface covering and bottom temperature control in plug tray for cauliflower
seedlings production. The surface covering with Tyvek mulch reduce the exposure of
the medium. The seedling quality index and Dickson quality index of the 90.8%
coverage area treatment was significantly higher as compared to the 86.7% and 82.0%
coverage areas treatments. The quality of seedling without covering showed lowest
values. When treatments not combined with Tyvek mulch, the seedling quality index
and Dickson quality index of the bottom 15°C, 20°C and 25°Ctreatments were
significantly better than traditional plug tray seedlings. There was no significant
difference in the quality index among three temperature treatments. Plug surface
coverage treatments combined with the bottom 25°Cshowed better performance than
traditional plug tray seedlings in seedling quality index and Dickson quality index.
Comparison of seedlings differences between coverage and without coverage at a single
bottom temperature. The results showed that growth indicators of coverage treatment
were higher than without coverage. Covering with Tyvek mulch combined with bottom
temperature control reduce the maximum and average temperatures of the medium, but
also reduce the temperature difference in the root zone. Plug surface coverage combined

with the bottom temperature control improve the quality of cauliflower seedlings.

Key words: bottom temperature control, cauliflower, Dickson quality index, plug

surface covering, seedling quality index.
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Table 1. The reference evapotranspiration (ETy), crop evapotranspiration (ET¢) and

crop coefficient (Kc) of ‘Jen-Ju Bar’ guava in Kaohsiung.

Year 2022 2023 2024 2025

ETo ETc ETo ETc ETo ETc ETo ETc
Month

mm-day! mm-day! mm-day! mm-day' mm-day! mm-day! mm-day' mm-day

Jan 3.21 1.61 3.21 1.51 3.15 1.56
Feb 3.95 1.79 3.87 2.11 3.24 1.52
Mar 4.89 2.19 4.88 2.05 4.68 2.04
Apr 5.73 243 5.80 2.20 5.54 1.98
May 6.13 2.61 6.23 2.55 6.31 2.85
Jun 6.37 3.16 6.49 3.84

Jul 6.29 3.36 6.46 3.61 6.44 3.60
Aug 6.06 3.64 6.02 3.22 5.96 3.10
Sep 5.46 3.08 542 3.20 5.54 3.36
Oct 4.67 2.29 4.69 2.61 4.50 2.61
Nov 3.81 1.65 3.81 2.01 3.70 2.07
Dec 3.1 1.55 3.04 1.53 3.12 1.49

FER RN ESRd BRI et A% ®0-150cm F K G
FEARFEL o pHZ6.1-684~ B3+ L3 F £ (CEC)5.78-11.22 cmol / kg ~ 7
WE131-525% &2 A K * P Eg-0-40cm 2 Eehr % F 5226 mm/hr 2 >
3 2k A 7 £ 5234 mm/ meter ©

B P T HEFIZ B P ARR R IR S I 2L 54
B 2dF2 i F e dE ki 4 o 945 Libohova % 4 (2018) 247 % » 235 %
FHI EF kBT HFL» S 2% RFLFHT: E/EAWC E234mm/
meter » Bgom 3%t KB RR 2 RAEERN A > 3BT ERL BRI LT K
BB AR E R AR R kA PR HE R B

B R A B M S R AR 2 RE 0 F {1 5 E L R RE 2 FR N
gerisoqe 3 Aok A g r chd pH B CEC R I & A S
(Kalcsits et al.,2020) » & @ BB R ¥ T AF L P T DEGMHF o F& i
R FEL S S AFTRRIIKe a7 B EFARAPIHRL £
T3 U AR R K2 B AEF] S o
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Measurement of Guava Evapotranspiration

Gao Bi-Shuang', Chien-Hui Syu?, Kuo-Dung Chiou', Hung-Yeh Hsich'

! Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.
2 Agricultural Chemistry Division, Taiwan Agricultural Research Institute, Ministry of

Agriculture.

ABSTRACT

Regional water resource management is a critical component of sustainable
agriculture, and understanding water use is fundamental to effective management. This
study, focusing on evapotranspiration, quantifies water requirements of guava to
provide baseline data for regional water resource management in southern Taiwan.
From August 2022 to May 2025, data were collected in Kaohsiung to examine guava
evapotranspiration, soil texture, and infiltration rate, using a LICOR-7500DS system to
monitor annual evapotranspiration, with the aim of establishing water demand
characteristics for guava cultivation in southern Taiwan. Soil properties in the study
area in the 0-150 cm layer include sandy loam or loam. The infiltration rate in the 0-40
cm soil layer ranges from 2-26 mm-hr', with an available water capacity of 234 mm-m-
!, indicating rapid drainage and high aeration. Guava crop evapotranspiration (ETc)
ranges from 1.51-3.84 mm-day !, potential evapotranspiration (ETo) from 3.04-6.49
mm-day !, and crop coefficient (Kc)from 0.42 to 0.6. Results indicate that guava
evapotranspiration varies seasonally, suggesting that seasonal irrigation adjustments for
guava are feasible. Furthermore, Kc remains stable across years under dry or wet
conditions, indicating that these data can be used by the government to precisely
estimate guava water requirements for regional water resource management. This study
continues to integrate these data into smart irrigation systems to optimize irrigation

strategies, thereby enhancing water use efficiency.

Key words: guava, Evapotranspiration (ETc), Crop Coefficient (Kc).
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Table 1. Data of organic and conventional experimental areas in Yanchao District,

Kaohsiung City.
Ko SN fatEs 5 (R% k)
1 314 B3 B LK B 293 2 293-1 ~ 293-2 1 B
(22.780247,120.328120)
2 756 WHE T s AL9
(22.7956576 , 120.3274234)
3 37 F 3 %% L 0705-0000 = 5
(22.78904,120.35214)
4 774 3 T EL-KEC 300 ~ 300-1 ~ 300-2 5L
(22.780712,120.325730)
5 ffi7 5 o a T LK EC0298-0000
(22.77946,120.32695)
6 76 FOE T OELRER 0283 BL
(22.78081,120.32758)
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Fig.1. Meteorological data of Yanchao experimental area (Weather station: COV400)
from 2023 to 2025. (A) Monthly average temperature, (B) Monthly accumulated

precipitation.
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fod T 22024 EFET EFWPRAFEIERENRRFR D
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Table 2. Comparison of soil characteristics and macroelements between organic and

conventional cultivation of jujube.

Soil characteristics pH  Organic Nitrogen  Phosphorus Potassium
Cultivation types matter (%) (mg/kg) (mg/kg) (mg / kg)
Organic 7.55+  3.17+ 2479.55+  483.15+ 2453+
0.11a 0.5a 196.28a 97.22a 33.98b
Conventional 7.63+ 220+ 1331.91+  579.81+ 351.4+
0.08a  0.28b 60.73b 120.28a 56.01a

Mean =+ standard error (n = 45). Different letters following the value represent

significant difference according to t-test at P < 0.05.
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Fig.2. Differences in soil macroelements between organic and conventional
cultivation of jujube (A) Organic matter content (B) Nitrogen (C) Phosphorus
(D) Potassium. n = 3.

49



ERIEY: 0 LA S W E )
i pH EERBIEERET > FPEE AR 2o pH BAERY

fbdple » AT Red BApy 2 g3t A o gy R 56 T K 23 pH
5 7.68 B0P K TST 2 PR TACe 2 BTIRLE L Lug
FREFE408% 5B N5 TR2 B2Y 5138 B PR
S WE LR 279% BB TR 1T B2 t‘fé1rﬂl4 CECEES: ]
ZEMG 2 PR 370344 mg/ kg F BB 0 B GG Y K 2294.67
mg/kg > FRIR F1 WF B N2 HERE o oK R ﬁiiﬁ“ i€ F Tt RA
R4 ¥y £ 6708mg/kg % 40 7 € 377.53 mg/ kg E 4R Tt
Radb® o JER G Ewr LBl 2%k o

23 B3 BEREARIEIBEREEI A EAFLE R

Table 3. Differences in soil characteristics and macroelements between different soil

layers of organic and conventional cultivation of jujube.

Soil characteristics ~ pH Organic Nitrogen Phosphorus

Potassium

Cultivation types & layer matter (%)

(mg / kg)

(mg / kg)

(mg / kg)

upper layer(0-15cm) 7.46+0.06a 4.08+0.28c

Organic middle layer(15-30cm)  7.57+0.06a 2.95+0.19b
lower layer(30-45cm) 7.68+0.05b 2.05+0.14a

upper layer(0-15cm) 7.49+0.07a 2.79+0.11c

Conventional middle layer(15-30cm) 7.68+0.06b 1.96+0.09b

3703.44+291.75¢
2294.67+188.92b
1440.55+£162.33a
1897.56+121.93¢
1073.56+55.23b

491.11+£39.93a
531.85+41.41a
458.92+41.71a
670.8+45.03¢
529.15+49.43b

265.08+23.81a
236.71+£16.81a
214.4+14.45a
377.53+11.94¢
342.64+12.24b

lower layer(30-45cm) 7.77+0.05b 1.64+0.11a  919.56+64.68a  374.72+£56.59a  333.19+14.94a

Mean =+ standard error (n = 15). Different letters following the value represent

significant difference according to t-test at P < 0.05.

B e ESp L i lR s R LR

S CEYERYEAELSN (R 4RI

20232024 EERfEME R FAFAR G 0
FA 7 R B BER L Y DA 4
S AT szﬁm—z T p IR G
TRIERE R e E B AR
f;! 746.67% » 158 7 B E 7 B ¥z 17 ﬁ{/‘ :

ﬁ‘lumﬁ\%ii

EHEMZFE SR 0 3 EEREF 7 E 2.63% ?”&*'}E 7e12.93% ;5 7 #45

A £ 022mg/ kg M ff 750028 mg/ kg0 F 432475 £ 1.87mg/ kg

=

B Fen1.84 mg/ kg o

F#“?':P"J*%ﬁPS 9 (A S 8
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Table 4. Comparison of the differences in macronutrients in leaves of jujube between

organic and conventional cultivation.

Macronutrients Carbon Nitrogen C/N Phosphorus  Potassium
Cultivation types (%) (%) (mg / kg) (mg / kg)
Organic 46.87+0.24a 2.63+0.14b 18.26+0.93a 0.22+0.02b  1.87+0.22a

Conventional 46.84+0.39a 2.93+0.23a 16.7+1.38b  0.28+0.04a 1.84+0.14a

Mean + standard error (n = 3). Different letters following the value represent

significant difference according to t-test at P < 0.05.

(A)Carbon &= organic —M— conventiona

A

" | (B)Nitrogen A crgmic —B— comventional

. (D)Potassium A orpanic  —B— conventional

37248 AR B F O &

(D) 42 on=3
Fig.3. Differences in macronutrients contents in leaves of jujube macroelements

between organic and conventional cultivation of jujube (A) Carbon (B)

Nitrogen (C) Phosphorus (D) Potassium. n=3.
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S E5RAEZEFTAN (kD)
4 B @

pEFHSTAE 5 o i&'j AR (BER) A 3 T 91372
°Brix 3 *»“'IE 713.15°Brix » £ £ 3 B F > BRA G 4832 T5081% 7

074% B ;" HIAFPERZ AR > BFEFEB AL VVREF BE 5 BF
BASF ST EBAZRGE K A5 FALZ SFAE ARG B:
FoBETI RS IRIDENRZTE
L5 RFBERAERENEYSTLBE
Table 5. Effects of organic and conventional cultivation of jujube on fruit quality.
Cultivation Fresh fruit Total soluble solids

Year types weight (g) (°Brix) Acidity (%)

2004 Conve.ntional 134.73+3.09a 13.15+0.25a 0.74+0.01b
Organic 94.99+3.09b 13.72+0.35a 0.81+0.02a

025 Conve}ltional 113.57+0.65a 11.89+0.02a 0.74+0.01a
Organic 97.14+0.13b 12.33+0.05b 0.744+0.01a

Mean + standard error (n = 16). Different letters following the value represent

significant difference according to t-test at P < 0.05.

= % it
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érﬂ';lﬁt FEBEFELFPSIR IR P E (A2 IR H
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—200mg / kg)> FINEHLH D AFE BRI IER ARSI ERESIHZAL L
TR BEEBERAEAOpH Bk <075 24 drd3) o AEEEFRIHEpH @
Btk (pH E 6.5—7.5 57 1) ekttt EA ) F b nd g JIEE
Yoo B B A F A RN B AR ARG B F AR A
TH2ZARF LV RE ERBESELRVUER A FE P KR DE
FFEVRIOFERDTHOELL RERERT] &5;3:% BRI (11 %) F

R EF LR RB FPEHKS2 ALY AHAPY (11 7)) sHRHEF LR
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B ¥y ER 113 #1 7 (https://www.moa.gov.tw/ws.php?id=195).
2442021, S R Eop B F ERF.  https)/www.oape.org.tw/ 5
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ERACHE. 2021, BUA R R FEARL ITI R ER. R EY K SeiE 406:22
—28.

MR 22, 2003, ARG R EF R 25
1 #p:20—23.

Akath, S. and P. R. Meghwal. 2020. Socio-economic and horticultural potential of
Ziziphus species in arid regions of Rajasthan India.Genet Resour Crop Evol.
67:1301-1313.
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A Preliminary Study on the Differences of Macroelements
Between Organic and Conventional Cultivation of
Jujube(Ziziphus mauritiana L.) - Taking Yanchao test area as

an example

Jhan-Hong, Guo' ~ Hsiu-Hwa, Hao? ~ Su-Yi Chen*’

"Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.
2 Department of plant protection and utilization, Fengshan Tropical Horticultural
Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.
3* Division of Crop Environment, Tainan District Agricultural Research and

Extension Station.

ABSTRACT

This study aimed to understand the differences in carbon, nitrogen, phosphorus,
and potassium between soil and plant species in the main Indian jujube producing areas
of Yanchao District, Kaohsiung City. Since 2022, three organic cultivation areas and
three conventional cultivation areas have been set up to continuously compare soil and
leaf nutrient analysis and fruit quality for two years. The organic matter content in
organic cultivation is 1.44 times higher than that in conventional cultivation. The
highest concentration of nutrient in organic cultivation upper layer soil (0-15 cm) is
twice that in the lower layer soil (30-45 cm) and 1.38 times that in the middle layer soil
(15-30 cm). The nitrogen and phosphorus content of leaf plants in conventional
cultivation were higher than those in organic cultivation. In terms of fruit quality
analysis and comparison, the fruit yield of conventional date is 1.4 times higher than
that of organic date on average. In terms of fruit quality, the fresh weight of fruits grown
under conventional cultivation is higher than that grown under organic cultivation,
while the total soluble solids between organic and conventional cultivation are
comparable. The results of this experiment investigating soil, leaf plant and fruit weight
showed that organic jujube cultivation recommends supplementing the phosphorus
content in the soil before the fruit development period to increase the phosphorus
content in the plant, in the hope of increasing the yield of organically cultivated jujube
fruits.

Key words: Indian jujube (Ziziphus mauritiana Lam.), organic cultivation, soil

fertility, plant analysis.
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Table 1. Productuin rate of dried radish.

By
o S L . P ez ap  PeAE
(@ Kg/ha
t/ha

233101 RE 4§ 1R 6 AL 1248.5 6.94 44.09 3,059.9
23-3102 A Z -+ {2 JrfEe S 7 893.9 4.96 30.99 1,536.9
23-3103 B9 < {2 BRSSP 1238.5 6.88 38.09 2,620.5
233104 @tp& s h A4S 1 fEtks € AL 914.9 5.08 43.11 2,190.2
23-3106  EVEREST TAKII 3 2 @ 715.0 3.97 34.87 1,384.3
23-3108 P EEG HREEF P 1398.7 7.70 49.03 3,775.5
233109 EASH 2 BEF P REAEFRSEAE 10612 5.90 42.65 2,516.5
233110 E 4505 LB ¢ REEFRSEA 11175 6.20 37.26 2,309.8
233111 EA45h 8 BLE§ ¢ REAEFHRSEAE 7937 4.41 37.28 1,644.2
233112 MRX-5011 MARU TANE.CO. 1114.5 6.19 38.94 2,410.1
23-3113 -~ HEEEY CHEAST 1303.6 7.24 47.50 3,438.8

ol N30 ST BRFAESHIEIE + 600 MG HEAAREE R RK

wp%ﬁﬁ3%§’ﬁﬂi§%ﬁﬁﬂ§€%$‘#o
2 - ﬁ;@@“éclgﬂ%ﬁg“ﬂkﬁ 2EE 3 N A <
25~26 57 g sceh A

PIE]

% 49

d 42 hg S @ 119 BR SREFAHF SR OSTRR REEG

R R RAT R AR TR FMBLARTLIERES BB HEN R
kA4 v TAHSH 8 BEEY ‘MRX-5011"~ ‘<~ gL B§ - ‘MRX-
5011~ “#p BY 26 BRSO FEBRFHEY DHI T
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Table 2. Fresh Radish Sensory Evaluation test.

BE N %k ek B PR R FHERR
3101 kX 42 1 R 6 AL 39 42 39 40 4.0
3102 RZ AR PR 27 30 29 30 32 32
3103 B o %49 BREEF P 38 39 29 34 3.4
3104 ApaA h AR 1R g A 29 29 26 29 2.8
3105 RAEY Bxfia o7 32 33 38 35 32
3106 EVEREST TAKII f+ = @ 31 34 29 35 3.6
3107 S X1 B LA dr 32 35 31 37 3.6
3108 Wi ERY BREEF P 33 32 31 33 3.3
3109 R 4502 5Ly ¢ REAFHRSEA 35 29 3.1 3.5 3.2
3110 §A45h 5 58§ ¢ REAFHRCEL 31 34 26 3.0 32
3111 ¥ 450 8 5Ll ° hEASHRS €4 38 30 33 37 3.7
3112 MRX-5011 MARU TANE.CO. 4.1 39 41 45 4.2
3113 CEEEEY ey .Y 39 32 35 39 4.1
3114 v Bafie o 39 32 39 33 3.6
3115 ALV R M4 TAKII faw 2 @ 35 31 31 34 3.4
3116 b EY ey .- 34 39 33 37 3.9
3117 DAS016 SAKATA #3272 29 33 31 29 3.0
3118 DAS024 SAKATA #+ 27 34 39 39 36 3.9
3119 55 = E v 1 8§ R P 39 37 39 40 3.9
1; 2% 7% F

2, *EE

3; FEEs AR

4, FE

5, A EE

"HEARE A A6 § X HA SANEA Y, BT AR LY
PER k% eha B1@d (8] 2020)c BF ehF i SR FENHN o Bo MR
FHE? BFARRADGH v I E AR AW I N TR RKE R
AR ERERod 10 BEYSMEY RBET LA - RAFIE AR rRZ
FUHESRTI B AL NSy & REA1 ~ Mo <40~ ‘dlp
B ~ RHESN2 5B - REONSHEEF - LAHEOD
8 3.y - ‘EVERAST 2 ‘* i@y E8 BRISAELEFIML

weha i * (& 3)-
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Table 3. Evaluation test of radish varieties suitable for oden cooking.

X3 R A % ik ek S PE TR KRS B

3101 ik = 49 1 fEhsY € AL 38 43 39 40 4.1

3102 & Z + 9 AT A 31 35 34 34 3.4

3103 Mo %49 BREEF P 37 41 40 39 4.0

3104 wpmiL s h AR 1 fEtksS € AL 36 36 34 36 3.6

3106 EVEREST TAKIL 8+ 27 32 41 36 3.7 3.6

3108 i & By BEEF 2P 28 37 33 30 3.1
PR R AR

3109 A5 h 2 Sy ¢4k 39 39 39 39 4.0
PR R B R

3110 A5 h 5 Ly ¢4+ 34 40 34 38 3.6
PR R B R

3111 §A45h 8 Sy ¢4+ 37 43 38 38 3.9

3113 ~ WL &g cHREANT 31 42 34 35 3.6
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Table 4. Radish yellow leaf disease evaluation test in the field in 2024.

REY-EHRERERT BEEZ S ZEPTEFERE RS S AR E
SR iy kiR
o FhpE =20% T30 5 5§ #FhEF =25%
23-3101 DR 1 R g A 29.0% 15.0% \Y
23-3102 2244 kAR S E 9.0% 5.0% \Y%
23-3103 Bv 4R LT P 10.0% 23.0%
23-3104 RS AR 4 AR AL 13.0% 20.5%
23-3105 AR J RN R 100.0%
23-3106 EVEREST TAKII &+ 2 & 100.0%
23-3107 4w EY B LA o 100.0% 18.0% \Y
23-3108 WEREEY LT P 36.0% 31.0%
23-3109 LA5h2 BEY YRR BHATS § AL 38.0% 15.0%
23-3110 TLH5h 5 BEE YR HEEA 6 A 6.0% \% 17.0% %
23-3111 THSh 8 BREF YR HEBEA 6 A 39.0% 19.0%
23-3112 MRX-5011 MARU TANE.CO. 14.0% \% 21.0%
23-3113 CEEEEY SERANP 9.0% v 18.0% \Y v
23-3114 v EY BAfpE s 10.0% v 27.0%
23-3115 ERNS S TAKII #3 2 @ 20.0% v 48.0%
23-3116 b EF -V 16.0% \% 14.0% \Y% A
23-3117 DASO016 SAKATA 6+ 27 0.0% \% 50.0%
23-3118 DAS024 SAKATA £+ 27 1.0% Y% 13.0% \Y% \%
23-3119 BEMAT AP 23.0% 27.0%

Bt eI ERFL

3118DAS024

5 BARBEL -
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Assessment of Radish Cultivars for Processing

Jaw-Neng Lin, Hui-Ling Lo and San-Tai Wang

Department of Vegetable,Fengshan Tropical Horticultural Experiment

Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Lacking seeds of proper radish cultivar for processing which major imported from
Japan was happened in Taiwan. Risk of uncertain amount of imported radish seeds for
processing is increasing for radish processing industries. Then, selection of suitable
radish cultivars for processing is the aim of program comparing with dominant cultivar
‘Chou-Un Daikon’. Assessment of 19 cultivars which imported from foreign or bought
in local seed companies was held for purposes of processing, soup or oden. For
processing purpose, four cultivar of “Yuan Guang Daikon’, ¢ Guanbai Daikon’, ‘Meihua
Yi Long Radish’ and ‘Da Yuejin Long Radish’ were better than dominant cultivar
‘Chou-Un Daikon’ not only for higher ratio of cut-dried radish from fresh radish, but
also yield ( ton/ha). For soup purpose, four cultivar of ‘Yuan Guang Daikon’, ¢ Natsu
Mizuri No. 8 Radish’, ‘MRX-5011" and ‘Da Yuejin Long Radish” were better. For
oden purpose, five cultivars of ‘Yuan Guang Daikon’, ¢ Guanbai Daikon’, ‘Taibyo
Satoshi Futori Daikon’ ,” Natsu Mizuri No. 2 Radish’, and ‘Da Yuejin Long Radish’
were better. Cultivars of “Yuan Guang Daikon’ and ‘Da Yuejin Long Radish’ from 19
radish cultivar were selected not only for purposes of processing, soup or oden, but also

for higher yield. which could be useful information for processing industries or farmers.

Key words: radish, yield, processing.
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Table 1. Agricultural Management Techniques for Common Fruit Trees in Taiwan to

Increase Soil Carbon Storage and the Mechanisms of Major Crops.
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+1.15tonC ha’! ﬁifgﬁ#ﬂ’iﬁf (49.40+£1.28tonCha') % i} % (43.54+1.38
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FHIZZ G EREX A ARFERLITC 1t > Fp 72 e ivg TE P
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Table 2. The Effects of Current Cultivation Practices on Soil Organic Matter in Papaya

Orchards.
HEBRE 7 BREE REEE
? I = J7\: %.;{" ;\:
(g cm'3) (%) (ton C ha'l)
RS ¥4 1.47 +0.08 0.82 +0.14 31.34 £1 .18
(B4 34D 42 R H 1.44 +0.03 0.63 +0.08 25.05+1.53
4 1.13+0.13 1.25+0.11 50.28 +1.15
FBER .
, ¥R 1.64 +0.05 1.15+0.13 4940+ 1.28
(2 £H 2)
A2 1.62 + 0.06 1.04+0.12 43.54+1.38
T8 ,
42 1.44 +0.15 0.83+£0.19 38.31+1.28

(B L A7)
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Fig.1. Soil Surface Temperature of Papaya Orchards Under Different Management

Practices.
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Fig.2. Measurement of Surface Soil Temperature in Papaya Orchards Under Different

Rl

Mulching and Management Practices.
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Fig.3. Soil Temperature Variation at Different Depths Under Different Mulching

Practices in Papaya Orchards.
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Fig.4. Soil Moisture Variation at Different Depths Under Different Mulching Practices
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Table 3. Effects of Different Cultivation Management Practices on Soil Organic Matter
in Papaya Orchards.

AMEA FHRF O jHmsE mud
(g cm™) (%) (%) (ton C ha'!)

A R 1.13+£0.11 3.48+£0.14 2.05+0.14 7043 +1.17

- M E /YK 1.65+0.03 2.05+0.13 1.17+£0.12  54.25+1.40

5l -»‘?};Je

1. Bai, Y., and M. F. Cotrufo. 2022. Grassland soil carbon sequestration: Current
understanding, challenges, and solutions. Science 377(6606):603 — 608.

2. Brady, N. C., and R. R. Weil, 2010. Elements of the nature and properties of soils.
Pearson Prentice Hall.

3. Chen, C. L. , C. Y. Chou, M. C. Lin, and J. H. Hu. 2019. Application of
Agricultural Practices to Increase Soil Carbon Sequestration in Taiwan. Climate
Smart Agriculture for the Small-Scale Farmers in the Asian and Pacific Region.
pp. 89 - 105. National Agriculture and Food Research Organization
(NARO) & Food and Fertilizer Technology Center (FFTC) for the Asian and
Pacific Region. ISBN:978 - 4 - 908914 - 02 - 7.

4. Executive Yuan (EPA). 2020. 2020 REPUBLIC of CHINA National Greenhouse
Gas Inventory Report. Environmental Protection Administration,Executive Yuan
(EPA). (in Chinese)

5. Guo, L. B. and R. M. Gifford. 2002. “Soil carbon stocks and land use change: a

71



meta analysis.” Global Change Biology 8(4): 345 - 360.

IPCC. 2014. Climate Change 2014: Synthesis Report. Contribution of Working
Groups I, IT and III to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change [Core Writing Team, R. K. Pachauri and L. A. Meyer (eds.)].
IPCC, Geneva, Switzerland..

IPCC. 2018. Global Warming of 1.5°C. An IPCC Special Report on the impacts
of global warming of 1.5°C above pre-industrial levels and related global
greenhouse gas emission pathways, in the context of strengthening the global
response to the threat of climate change, sustainable development, and efforts to
eradicate poverty [Masson-Delmotte, V., P. Zhai, H.-O. Portner, D. Roberts, J.
Skea, P. R. Shukla, A. Pirani, W. Moufouma-Okia, C. Péan, R. Pidcock, S.
Connors, J. B. R. Matthews, Y. Chen, X. Zhou, M. 1. Gomis, E. Lonnoy, T.
Maycock, M. Tignor, and T. Waterfield (eds.)]. [IPCC, Geneva, Switzerland.

72



Establishment of Cultivation Models for Enhancing Soil

Carbon Sequestration in Papaya Orchards

Chih-Cheng Hsu'!, Hsin-Liang Chen', and Wen-Li Lee?

"Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.
2Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research

Institute, Ministry of Agriculture.

ABSTRACT

This study analyzed tropical fruit cultivation and management practices in Taiwan
aimed at enhancing soil carbon sequestration, with a focus on increasing soil organic
matter and improving soil structure. Key measures include the application of organic
fertilizers, mulching with plant residues, implementation of sod culture (cover
cropping), and reduction of tillage. These practices promote carbon fixation while
enhancing the soil's water retention and fertility. Evaluations of different cultivation
management methods in major papaya production areas in Taiwan indicated that sod
culture outperformed traditional silver-black plastic mulch in terms of increasing soil
organic matter and organic carbon content. In addition to lowering soil surface
temperature and maintaining higher soil moisture, sod culture also provided greater
carbon storage. Trials on sod culture with no-tillage demonstrated more stable soil
temperature and moisture. This management strategy effectively enhances orchard
carbon sequestration capacity and improves plant resilience to environmental stress,
making it a feasible approach for addressing climate change and promoting sustainable

agriculture.

Key words: papaya, soil carbon sequestration, sod culture, no-tillage.
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Fig.1. Typlcal symptoms of leaf spot disease on Musang King durian in Kanding
Township (Red box showed the magnified lesion).
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Table 1. Frequency (%) of leaf spot disease pathogens from Musang King, Hong

Long, Monthong, Black Thorn, and Taiwan — bred durian cultivars.

Cultivar Phomopsis spp.  Fusarium spp. Colletotrichum spp.  Alternaria sp.  Lasiodiplodia sp.
Musang King 66.7 26.7 0.0 0.0 0.0
Hong Long 69.2 7.7 7.7 15.4 0.0
Monthong 62.5 0.0 37.5 0.0 0.0
Black Thorn 100.0 0.0 0.0 0.0 0.0
Taiwan —bred 50.0 10.0 20.0 0.0 5.0
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Fig.2. Incidence of leaf spot disease on Musang King durian in (A) Kanding

Township, and (B) from April to November 2025.
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Fig.3. Pathogenicity test of Phomopsis isolates on Musang King durian leaves

showing leaf spot symptoms following inoculation.
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Survey and Pathogenicity Tests of Durian Leaf Spot Disease

Shuen-Huang Tsai

Department of Plant Protection and Utilization, Fengshan Tropical Horticultural

Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Durian (Durio zibethinus L.) is an important tropical fruit tree in Southeast Asia
and is known for its sensitivity to environmental conditions. During its cultivation and
growth, durian is susceptible to a variety of pests and diseases. According to reports
from abroad, the most common diseases include leaf spot, anthracnose, powdery
mildew, Phytophthora blight, and dieback. This study represents the first investigation
of durian leaf spot disease occurrence in Taiwan, along with pathogenicity tests of the
associated pathogens. Survey results indicated that Phomopsis species had the highest
isolation frequency from symptomatic leaves. All durian cultivars surveyed were
found to be affected by this disease. Surveys conducted from April to November 2025
indicated that disease incidence reached a relative peak in May. Furthermore, no
significant difference in disease incidence was observed between upper and lower
canopy leaves, suggesting that the severity of leaf spot is not influenced by sunlight
exposure. Pathogenicity tests showed that 84.2% of the Phomopsis isolates were
pathogenic to Musang King durian leaves. Therefore, this fungal group should be
taken into serious consideration in future disease management strategies. Moving
forward, non—chemical control methods and biological control trials targeting
Phomopsis spp. will be conducted, with the aim of developing an environmentally

friendly integrated disease management strategy for durian leaf spot disease.

Key words: durian, leaf spot disease, Phomopsis spp.
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Fig.1. Severe chlorosis symptoms caused by bacterial spot disease (Xanthomonas

perforans) in tomato.

§ 3o F s Bl R e ;Vw‘}'éﬁt v g 3 v 4 48 Xanthomonas /j}},%}%' 7
€ iE = o s Bk o & w5 X euvesicatoria ~ X. vesicatoria ~ X. perforans %
X. gardneri (Jones et al., 2004a) o Xanthomonas spp. 6> 2 fF ~ I FH > § A2
+ ¥ *¢ ;1% (xanthomonadins) ™ 2 < E vzt SR E TS > 7 B ups R
KNSR Shup HiAp 11 0 e w3 EF AR blde X perforans € 30— & B O
DT Y e (Stall et al., 2009) © ‘m %ﬁ]”iﬁi%}?i% A ‘,% R SR NP
% ¥ (Capsicum spp.) ¥ et ied o 4 i RimF " » X euvesicatoria ~ X.
vesicatoria % X. perforans % #¥%G # B2 Ko 2y X WRIT] X gardneri (F

0 2010) o & gE-1 Fr gEE ¢ oo £ 5% Xanthomonas faF cne = > p 1989

;ZM6ﬂﬁ&£rmmﬁ R N
5 g (1989~1999) L ERNS| 12 B BE T s R A® ™ X euvesicatoria (T1) 7 i - i
2010 = r2ig B 99% FRE_X. perforans (Burlakoti et al., 2018)  H & B F& 7}
BN 0 % & 12 X euvesicatoria "1 3 X vesicatoria & i 0 2iTE KX
perforans 1 HAE F D 0 R kb I (Kebede et al., 2014) ~ # & (Klein-
Gordon et al., 2021 ; Ma, 2015) ~ 4 £ % (Abbasietal,2015) ~ = & (Aragjo et
al.,2017) £ K ¥ ig N BT GAE A o X perforans te > IRBrbrE B S P W AN
84



i F B FA 0 T il AT 5 X perforans ¥ 4 s % (bacteriocin) %
Pl B 6 R i s B0 A 2§ B4 L% (F 20005
§ 0 2012) -

I ERE YRS X

Poe Fiea xL FHITIRAM FHRLCDEE®F EMIFF RIVK
# 7 3 1% B (Bacillus amyloliquefaciens) CL3 Ftk¥2 Ba-BPD1 Fik (F Fic ¥
FoBF A EEFEAGE) PMBOL FR (F s S EER R TR
i E %k p) > QSTT13 Ftk (F B in 5 814 & Fp) ~ TcbadS Ftx (7 1 in
-‘%%piz/%)ﬁji ¥ AF :;P,)?a) + YCMAL p;—‘ﬁ% (FHie ;ﬁértq‘ﬂgﬁ)ﬁq b
o ?ﬁi—’l‘rlﬁﬁ },—,‘5\&%1 {ﬁ{_”%‘;&?‘ﬁ:ﬁ}”;‘ai’“?;“}%) ¥R TIEER B
mycoides) AGBO1 Fjtx (¥ Hip kfeRtam2 Wits E/) - 55 (B
subtilis) KHY8 Atk (¥ [# féf‘{%%ﬁ::}]}‘; ~ % RS f'i@_lﬁﬁ 4 %;;;,]% 275
B FERARE F R I Em) Y1336 Fik (7 0 isd EIROBR kS
RARF o~ BATO R /‘*‘F‘f—%?]’l% RATERFRE) L RETT R (B
velezensis) BF ’];if]'”%% (FBip s fics "m&)}% s ;iﬁ))% FR R IR R
FoMBERRE 35k X wpl by § AR 2 RS £
o~ S EILEsR)  BACY Fjtk (7 0o E 2 é,m m 15 B ) ~ WG6-14
Atk (7 I ip kfef-u Rk ) (Kuo et al., 2023) ; ¥ v i 48k 7] (Streptomyces
candidus) Y21007-2 Ftk (B io¥ % 5 5 8% #Ha ‘))%)  EFRARE
(Trlchoderma gamsii) ICC 080 /012 Fjtk (F Pin? X # 2 gEE R ) 2 % K

7 (T virens)R42 Atk (FHisigEFw = ) (Gl N A A

httpS'//otserVZ tactri.gov.tw/ppm) % > g2k 42 anu ?Ep Wk ALK
ol b re) mﬁ]f’*ﬁ%}?ﬁmﬂt"l P WA > e F_ P EErY iF 4% E]BF ¥ BACY &2
7@_]"3 w3 EE e g *r".m?]fii%'}ﬁ‘ﬁ PRV Sl K

$ikss & 6535 e Fpck (iR 2 K B

¥t 4 vl FHL s B ) (Xanthomonas perforans) v % 4 17is 1t 16 &
B M emmREpirdi=m ok § EMA PR RATT RS K
b TRERS R R TEERL RoRREEF2 K AREF2 KR
WA 2 RAPIEHE TR BETWIRBETIPACE L EFLY T RER
CUREIEIRLE S U ? gl'?i%‘\ffi' 5 %F’@ oE - FBEH ERIE3 ARR T Y
kL%E 0 2 28°C B A 6 2 RFrFIB ) (B 2) e

85


https://otserv2.tactri.gov.tw/ppm

(mm)

20
2
5 15
N
S 10
£
=
o l‘ l l
o . — o
o & A N Yy oo~
SN J S F Y I3
QO &@b»ox‘cz;fw
S g =]

Biological agents

Bl 2. & 4§ iciwF s8] (Xanthomonas perforans) ¥+ % & 2 dr| Bl
11 R* e dirfBE R  ATANENET od 22+ A G
4@ 3% i 4% (Cu(OH)) 5 BF: Bacillus velezensis BF ; BACY: B. velezensis
BACY ; YCMAL: B. amyloliquefaciens YCMAL1 ; QST712: B.
amyloliquefaciens QST712 ; PMBO1: B. amyloliquefaciens PMBO1 ; CL3: B.
amyloliquefaciens CL3 ; Y1336: B. subtilis Y1336 ; R42: Trichoderma virens
R42 ; ICC: T. gamsii ICC 080 + 1. asperellum ICC 012 ; KHH13: B. velezensis
KHH13.

Fig.2. The eleven agricultural microorganisms were co-cultured with Xanthomonas
perforans, the bacterial spot pathogen of tomato to evaluate their antagonistic
effects based on inhibition zone formation. The width of the inhibition zones
was measured in millimeters (mm). From left to right: copper hydroxide
(Cu(OH)») ; BF: Bacillus velezensis BF ; BACY: B. velezensis BACY ;
YCMAIL: B. amyloliquefaciens YCMAL1 ; QST712: B. amyloliquefaciens
QST712 ; PMBO1: B. amyloliquefaciens PMBO1 ; CL3: B. amyloliquefaciens
CL3 ; Y1336: B. subtilis Y1336 ; R42: Trichoderma virens R42 ; 1CC: T.
gamsii ICC 080 + T. asperellum 1CC 012 ; KHH13: B. velezensis KHH13.
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Cu(OH),
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BAs T I 4% F YCMAL ~ ¥k 77248 ;) AGBl ~ A A R42 214 § i 4
(Cu(OH)) & f7¥taess & > LS4 AR * M2 F ¥ X perforans Fr4| B <
)

Fig.3. The bacterial spot pathogen Xanthomonas perforans was co-cultured with
Bacillus velezensis BACY, Bacillus amyloliquefaciens YCMAI1, Bacillus
mycoides AGB1, Trichoderma virens R42, and copper hydroxide (Cu(OH)2)
to observe the sizes of inhibition zone of the four agricultural microbial agents

against X. perforans.
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Fig.4. Application of agricultural microorganisms including Bacillus velezensis
BACY, B. amyloliquefaciens YCMAL1, B. mycoides AGB1, Trichoderma virens
R42, and microbial fertilizer B. velezensis KHH13 on tomato, followed by
inoculation with the bacterial spot pathogen Xanthomonas perforans. Disease
severity and symptom rating trends were monitored from the 2nd to the 4th

week after inoculation.
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Fig.5. The control effects of Bacillus velezensis BACY, Trichoderma virens R42 and
the pesticide velidamycin (Val) were tested under neutral (pH7.0) and alkaline
(pH10.0) conditions. The severity of the disease was expressed as the disease

rating score.
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Preliminary study on the use of beneficial microorganisms

for the control of bacterial spot disease in tomato

Li-Yu Tsao, Yi-Jung Tsai, Su-Chiu Hung and Ying-Huey Cheng
Department of Plant Protection and Utilization, Fengshan Tropical Horticultural

Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Tomato (Solanum lycopersicum Mill.) is an important vegetable and fruit crop in
Taiwan. Among the various diseases that affect tomato, bacterial wilt and bacterial
spot, both caused by bacteria, frequently occur under warm and humid conditions,
severely impacting yield and profitability. Bacterial diseases are generally difficult to
control. The use of resistant rootstocks is currently the main strategy for managing
bacterial wilt. For bacterial spot, the approved chemical pesticides listed on the
Pesticide Information Service Platform include kasugamycin + copper oxychloride,
copper hydroxide, and validamycin. When registering biopesticides, the target
pathogens must be specified based on efficacy trials. Although the Plant Protection
Information System has not yet recommended any microbial agents for the control of
bacterial spot in tomato, two commercial products, Bacillus velezensis strains BF and
BACY, have been registered for use against bacterial spot in vegetables and tomato.
In this study, a dual culture assay was employed to screen domestically
commercialized agricultural microbial products for their inhibitory effects on
Xanthomonas perforans, the causal agent of bacterial spot in tomato. The microbial
strains exhibiting stronger antagonistic effects were selected and sprayed onto tomato
leaves, followed by challenge inoculation with X. perforans, in order to evaluate their
efficacy in controlling bacterial spot. During the continuous harvesting period, tomato
plants are often exposed to rainy and highly humid conditions, especially in southern
Taiwan where the climate during this time is highly conducive to the outbreak of
bacterial spot. The application of agricultural beneficial microorganisms has the
potential to replace chemical pesticides and serve as an effective strategy for

managing this problematic disease.

Key words: tomato, bacterial wilt, bacterial spot, agricultural microorganisms,

humidity.

93



R2 AP BTNFRER[HL oS TR

MEL ~ B2 mERE L 2
BEICREERRATE AT FERERS TS RETEFA S 1

&

zk%f,}%ii d Fusarium oxysporum 5142 » 5 % A g i® § EL)J;; s =
RIFPEF> G 2REEREGAREL P 0BTy 248 HE
BRIl R EHR > D EPRY CFEHT AL B ERATTEEN
o w APy g i &R e B W H e Streptomyces lavendullgrzseus L2
FReSH 2 HFH P HEALRBLD ok PLBERELL LR HF
PEERREE ISR o RBGERS RN 0 P Bk F M - E k3 B
fe 8. lavenduligriseus L2 % %] ¥ Fr4] 40% Fo 42% F oxysporum 1;»] A & o jEtR
5% R 400 4 800 & ﬁ,—ﬁ\zé k3 BLA ugERe SH 2 i 4 i I

CHpRFHE LA > R E AR R R A B T5% {0 68% 0 10 4
25 B2 S lavendulzgrlseus L2 %~ w|#fe SH 2 i%//]““?*’”@-iﬁ T R
eiedprt » RS AZ R A TR 8% Wit 4 4 @ﬁﬂ_.‘ﬁl‘ﬂé*i% v B
SH 4 %Wwﬁz&v@w oo B HAFFE T PR 0 M E Ok 3 BLTE AT

Bt 1 &> S 231 7 SH 7t vt P f—%%;'—r?,/\ ENE
T BV R RIS RR T T 59% 0 B ik N H 218 E iR 800 B AR
e3¢ B ok 3 BE o ’?él % A Bk 3 54c S lavenduligriseus L2 ¥z SH
45@,9‘4‘3){”—1 s r,/\ ,%-}I—‘ﬁ ;\j\;;.z_;fizg} -}ﬁﬁ,\,i%wwgﬁﬁ&w,,*, >
PRt QL 33 Jg,i p SRR WS RN REE S

B4 | % /%}P‘G‘Jf«)f”ffzﬁ‘ﬂé k3 B ~SH FHE XA

Fusarium oxysporum ~ Streptomyces lavenduligriseus

3

B E ERRBT A EmALE E RS A8 zm*];’]',rfjtg;%;}?ﬁﬁa AR
%& % Jp 2 Burkholderia caryophylli (Kawanlshl etal.,2009) % 5l %\ BN ){%
2 Pantoea stewartia (Stewart, 1897) % > E F12% * Vg ARl e 7 i = TE MR T
2_ Verticillium dahliae (Pullman and DeVay, 1982) FHRIPBITFE A i
Fusarium oxysporum (Di Pietro et al., 2003) %
F oxysporum % — #&% L i?;@fféb‘—/%@’ Bl RBEER S R FM R
¥ A% (Fusarium) > #5585 £ % § 5 #% "33 % A (Potato dextrose agar;

94



PDA) %4 HFs 0 ¢ »"TRFFRBEFTEL S > 7424 3 fhes > »
B 5 EF A, 60 & 4 32 3 (Microconidia) ~ 487 ket A 4 32 5
(Macroconidia) > o3k 2 05 %32 + (Chlamydospores) (Jeon ef al. 2013) ° 3% R
e+ 7 ety s S RPRASRPFENF YT > BB A ING 0
ErFAfES o TAEEE ALY 0 T A AT HGRR AT B R R LR
FAfRmre R ¢ R 0 R F L e SRR R A E o AT §
AR TRESFFEE L S et AR T o P F A FE T R e o b
GAALZ SPEEH L R LY RUBLE SR ERE LKA HERL
e o F oxysporum AV A Eadaded £ e A devsler-e i (Indole-3-acetic
acid; I[AA) » ¥ 2 F A IEF EA 2 hIAA 4p5 8% > 2 2 JAA B4 24 0 &
FHFRY Flwe R #iﬁ 4 o 4ojplied L re% (Dimond, 1970 ; Gordon, 2017) e
HER GG KR R T S EERARE ¢ (MIA) - E R
A RERR (B lB) R Bre b R FREFBRERE SR M foE A
(B1C)» Z3%3m ¥ Ly é\ﬁvl“ e (B 1D)> &% 5= o F oxysporum iL
#%rs}i%r";_%—tt’j: FAEA LA dem A F /%J,ia]?]Foxyspommf.sp.
momordicae (Sun and Huang, 1983) ~ i#+51L X % 5 7] I oxysporum f. sp. eustomae
(Wueetal., 2023) » 2 4 E% % s 7] F oxysporum f. sp. cubense (Ploetz, 2015) %
AEFAPERR L Tl AT R B RERT A 0 22012
# # Molecular Plant Pathology #p M ##5 F3%i% 5 - <~ E 5 2 LARL & ol
]?]«I,ia B #2 - (Deanetal., 2012) -

F oxysporum 314zenZE FlE% %}%:}?ﬁ 22 @'l“zl_:ﬁﬁfg’ » PR R - ME o R
LT AR e TR R R T 2 AR T TR SR PR A
MEF T BIFLREREEEES6 2T FMFREPTIEY SRERR > T

xa#&%mﬂ%prﬁauérfﬁaﬁiﬁ‘lv;aﬁﬁi&rn+%£# (i 2003 ; 38 % > 2019) » (c4 fifE
o RIF T EREHISZ AR Amini ¥ 4 2010 £ 4p LR

frid s ¥ 17 ind F oxysporum f. sp. lycopersici 31422 4 3v% /% (Amini and
Sidovich, 2010) » 28 @ B = % % fﬁi%%{;&;ffiﬁ WA PR ehit B R T
PR AT PG P FREART AL FHERL G D F oxysporum >
FTHFEHRDTEFFATERIL R - T O BEFHEHRE XL DFR S 2 00T
FPEXAREFEEN > APPIARS RERSFE PR RNG Y RIEAR 7 2

z- >4 tﬁiﬁtﬁﬂf?’ s G AL BET s R AT g IR R Y

M2 F 45 pe SH 2 *E/fj‘ R AR B R RS

95



B 1. %”f\*"‘z%f}ﬁif}ﬁiﬁxo(A) FEERE I B) EFAREHE(C) FRiE
FihfrxA D) RS EEREE R CRIGEREE LT -
Fig.1. Symptoms of Fusarium wilt in bitter gourd. (A) Yellowing of veins in the lower
leaves, (B) Leaf wilting due to loss of turgor, (C) Systemic yellowing and
wilting of the plant, (D) The left shows the vascular bundle of the healthy plant,
while the right shows the vascular bundle browning of the diseased plant.
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4 E 45 0 (B) 500X ~ 1000X v 2000X S. lavenduligriseus L2 > (C)
200X ~ 400X = 800X # E -k 3 5. (D) 100X ~ 200X v 400X $7i% -

& > (E) 125X ~ 250X 4+ 500X fﬁ" ¥ 2 5. (F)300X ~ 600X = 1200X
P 27F 0 (G) 300X ~ 600X 4= 1200X L. g > (H) 400X ~ 800X Fr
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Fig.2. The antagonistic activity of commercially microbial biological control agents
and Streptomyces lavenduligriseus 1.2 against Fusarium oxysporum. (A) The
mycelial growth inhibition (%) of F. oxysporum by effective microorganisms.
The inhibition of F. oxysporum mycelial growth by (B) S. lavenduligriseus 1.2
at 500X, 1000X, and 2000X dilutions, (C) Bacillus amyloliquefaciens CL3 at
200X, 400X, and 800X, (D) B. amyloliquefaciens PMBO1 at 100X, 200X, and
400X, (E) B. amyloliquefaciens Tcba05 at 125X, 250X, and 500X, (F) B.
velezensis BACY at 300X, 600X, and 1200X, (G) B. amyloliquefaciens
YCMALI at 300X, 600X, and 1200X, (H) B. subtilis Y1336 at 400X, 800X, and
1600X, (I) B. subtilis KHY8 at 250X, 500X, and 1000X, (J) S. candidus
Y21007 at 400X, 800X, and 1600X. For all panels (B—J), the topmost paper
disk represents the water control. The three paper disks below, from left to right,

represent 1 /2X ,1X, and 2X the recommended concentration.
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Fig.3. Effect of commercial microbial biological control agents and

Streptomyces lavenduligriseus 1.2 on the disease severity of Fusarium wilt in
bitter gourd.
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Evaluation of the Efficacy of Agricultural Microorganisms
in the Control of Fusarium Wilt of Bitter Gourd

Sing-Yu Chen, Su-Chiu Hung, Ying-Huey Cheng, and Li-Yu Tsao

Department of Plant Protection and Utilization, Fengshan Tropical Horticultural

Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Fusarium wilt, caused by Fusarium oxysporum, is a major threat to many crops,
leading to severe yield losses worldwide. In Taiwan, no specific chemical fungicides
are currently recommended for its management, and long-term use of chemicals may
lead to pathogen resistance and food safety concerns. This study evaluated the
efficacy of a commercial microbial agent Bacillus amyloliquefaciens CL3 and
Streptomyces lavenduligriseus L2, in combination with SH soil amendments, for the
management of Fusarium wilt in bitter gourd. Antagonism assays showed that
B. amyloliquefaciens CL3 and S. lavenduligriseus L2 inhibited F. oxysporum mycelial
growth by 40% and 42%, respectively. Greenhouse experiments revealed that SH
combined with 400-fold and 800-fold dilutions of B. amyloliquefaciens CL3 reduced
disease severity by 75% and 68%, while SH combined with 10-fold and 25-fold
dilutions of S. lavenduligriseus L2 both achieved 85% reduction. All of these
treatments outperformed SH alone. Application of B. amyloliquefaciens CL3 one
week before transplanting reduced disease severity by 59%, ranking second only to
weekly drenching with an 800-fold dilution applied after transplanting. These findings
suggest that combining microbial agents with SH soil amendments provides effective
and environmentally friendly control of Fusarium wilt in bitter gourd. Further studies
will focus on optimizing application timing to establish a practical and sustainable

management strategy.

Key words: Fusarium wilt, biological control, Bacillus amyloliquefaciens CL3,

SH soil amendment, Fusarium oxysporum, Streptomyces lavenduligriseus.
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Fig.1. Daily mean temperature (°C) and total daily rainfall (mm) in Luzhu Dist.,

Mean number of whiteflies per sticky trap

Kaohsiung City, from August to December 2023 (upper panel), and the weekly
mean number of adult whiteflies captured per yellow sticky trap (insects/trap) in

the experimental area (lower panel).
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the experimental area (lower panel).
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Integrated Management of Whiteflies (Bemisia argentifolii)
in Open-Field Cherry Tomato (Solanum lycopersicum Mill.)

Cultivation in Northern Kaohsiung

Hsin-Shun Lai and Ying-Huey Cheng

Department of Plant Protection and Utilization, Fengshan Tropical Horticultural

Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Open-field cherry tomato (Solanum lycopersicum Mill.) is a common winter crop
in northern Kaohsiung, where the silverleaf whitefly (Bemisia argentifolii) is one of the
major pests. Whiteflies not only weaken tomato plants by directly feeding on phloem
sap but also transmit tomato leaf curl disease-associated viruses, which cause leaf
curling and growth inhibition, resulting in severe economic losses for farmers. This
study implemented integrated pest management (IPM) strategies for controlling B.
argentifolii in open-field cherry tomato cultivation. Preventive, monitoring, and
curative measures, including physical, cultural, and chemical controls, were applied at
different growth stages to improve management efficacy. These strategies effectively
suppressed whitefly populations, delayed the spread of tomato leaf curl disease,
enhanced tomato yield, and increased farmers’ income. Field trials conducted in Luzhu
District from August to December 2023 showed that whitefly adults captured by yellow
sticky traps remained below 50 per trap per week before the first harvest, with less than
10% of plants infected by viruses at harvest. In Alian District from August to December
2024, whitefly counts remained below 50 per trap per week, and virus-infected plants
were fewer than 1% at the first harvest. In Meinong District from September to
December 2024, the initial mean number of whiteflies was 248 per trap per week before
transplanting, which decreased to 55 per trap per week after 30 days; virus infection
rates remained below 1% at the first harvest. The harvesting period extended until the
end of April 2025, resulting in a 50% increase in overall revenue. Collectively, the
results demonstrate that IPM strategies can effectively suppress whitefly populations in

open-field cherry tomato cultivation and slow the spread of tomato leaf curl disease.

Key words: Solanum lycopersicum Mill., Bemisia argentifolii, Integrated pest

management.
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