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Abstract

The performance of 23 sapota varieties/hybrids was tested for their ability to withstand seed borer Trymalitis margarias Meyrick at
Fruit Research Station, Navsari Agricultural University, Gandevi, Gujarat. The varietal deviation for five consecutive years (2015-16 to
2019-20) showed that Kirthibarthi had a higher fruit infestation of 7.47% than the standard check Kalipatti (6.89%), as well as being
more sensitive to DHS-2 (6.58%), CO-2 (6.56%), and Cricket balls (5.89%). In contrast, Chala collection-1, Chala collection-3, Chala
collection-2, Zumakhiya, CO-3 and CO-1, all exhibited infestation level less than 4%. Fruit damage intensity was highest during the
initial phase of fruit harvesting in December, reaching 8.64, 7.94, and 7.67% in Kirthibarthi, Kalipatti, and CO-2, respectively.
Nonetheless, DHS-2 (8.54%) and Cricket ball (6.97%) suffered the most damage in February during the middle phase of fruit
harvesting. However, a non-significant correlation was revealed between seed morphology viz., length, width and thickness, as well
as eight biochemical contents of the seed and pest infestation. Due to late flowering and ultimately fruiting initiation, escape-type

resistance was seenin less damaged sapota varieties/hybrids.
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Introduction

Sapota is a crucial tropical fruit in India, with South Gujarat
districts of Navsari, Valsad, and Surat accounting for nearly half
of the state's sapota production (Anonymous, 2018). Pest
interference during the peak flowering and fruiting phase is
mainly a concern with the productivity of sapota due to long,
asymmetrical and overlapping flowering and fruiting bearing
patterns. About 33 insect pests in India and 23 in Gujarat are
responsible for significant losses in sapota yield and quality,
among different factors (Bisane et al, 2018). Among pests
affecting sapota, seed borer, Trymalitis margarias Meyrick
(Lepidoptera: Tortricidae) has emerged as a serious threat,
particularly at the peak fruiting stage. This pest directly damage
the seeds, causing deterioration in fruit quality, which affects
both domestic sales and export potential. The seed borer is an
exotic pest, first detected in India 2000 (Patel, 2001) and now
established in major sapota-growing regions, including
Guijarat, Maharashtra, Tamil Nadu, Karnataka, and Chhattisgarh
(Bisane et al., 2018). The pest caused a significant 40% fruit
damage after its initial detection in 2003-04 (AICRP Report,
2004), and continues to cause up to 15% fruit loss in parts of
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Gujarat (Bisane, 2016;Bisane and Naik, 2021). Among
other regions, fruit loss of 5-10% was noted during
December-February in Tamil Nadu (AICRP Report, 2015
and 2016), as well as higher infestation between 30-
50% reported from different parts of Karnataka
(Kalpana, 2003; Jayanthiand Verghese, 2007 and Patil et
al,, 2020).

In Gujarat, the Kalipatti variety is preferred by growers
for its quality and taste; however, there is a lack of
research on how different sapota varieties perform in
terms of resistance to seed borer damage. The study
aims to fill the knowledge gap regarding varietal
resistance/susceptibility to seed borer, which could
help mitigate the pest's impact and improve sapota
production in affected regions. The findings could
guide growers in selecting resistant varieties and
contribute to reducing fruitlosses due to this pest.

Materials and Methods

The research aims to explore and compare the
resistance/susceptibility of various sapota
varieties/hybrids to seed borer, T. margarias in South
Gujarat context was carried out for five consecutive
years from 2015-16 to 2019-20 in germplasm plot of
ICAR-AICRP (Fruits), Fruit Research Station, Navsari
Agricultural University, Gandevi, Gujarat (20.807545° N
73.022260° E). The pest seasonal occurrence based on
fruit damage on 23 varieties/hybrids of sapota with
many have IC numbers viz.,, PKM-1 (IC-395173), PKM-2
(IC-395184), PKM-3 (IC-395181), PKM-4, PKM-5, CO-1
(IC-395166), CO-2 (IC-395167), CO-3 (IC-395182), DHS-1
(IC-395174), DHS-2 (IC-395183), Murabba (IC-614619),
Mohangoottee (IC-395157), Zumakhiya (IC-395159),
Bhuripatti, Pilipatti (IC-395155), Cricket ball, (IC-395153)
Singapore (IC-395178), Kirthibirthi (IC-395160), Paria
Collection, Chala collection-1, Chala collection-2, Chala
collection-3 and Kalipatti (IC-395179) was screened on
three replicated trees planted at normal 10 m X 10 m
spacing. The varieties/hybrids depicting PKM series
developed at HC & RI, TNAU, Periyakulam; CO series at
TNAU, Coimbatore (Tamil Nadu) and naming DHS
developed at UHS, Bagalkot (Karnataka), while others
are selected local collections from Navsari and Valsad
districts of Gujarat. Kalipatti is considered a standard
check to test the differences among them. The trial plot
was kept free from any insecticidal spray during the
screening phase.

In the sapota orchard, 100 fruits of each
variety/hybrid from each tree were selected at every
harvesting scheduled from November to April for the
incidence of seed borer. The damaged fruits were

counted out of 100 fruits to calculate per cent of fruit
infestation. The average damage of all six month-wise
observations was statistically analyzed in a random
block design with three replications (one tree as one
replication). Both yearly average and peak damage
intensity were considered to decide the tolerance and
susceptibility level. Also, the damage difference
response of different varieties/hybrids over Kalipatti
was calculated to check the susceptibility/ tolerance
level.

% Damage in variety - % Damage in standard check
% Variation = x 100
% Damage in standard check

The fruit damage of different sapota
varieties/hybrids was used to categorise the
susceptibility/resistance scale against seed borer into
six groups. For this purpose, the average per cent fruit
damage value of individual varieties/hybrids (Xi) was
compared with the grand mean per cent value of all
varieties/hybrids (X) and standard deviation (SD) by
using the following statistical formula (Gupta and
Kapoor, 1997).

Category Scale formula

Highly Resistant HR  Xi< (X-2SD)

Resistant R (X-SD) = Xi> (X-2SD)
Moderately MR X = Xi> (X-SD)
Resistant

Moderately MS X< Xi< (X+SD)
Susceptible

Susceptible S (X+SD)<Xi < (X+2SD)
Highly HS  Xi>(X+2SD)
Susceptible

For correlation matrix analysis for seed morphology, 10
seeds were sampled randomly from ripened fruits of
different varieties/hybrids and measured for length,
width, and thickness. Additionally, the standard
deviation was computed in order to evaluate the
relevance. The eight biochemical contents viz.,, crude
protein, total carbohydrate, reducing sugar, non-
reducing sugar, total soluble sugar, crude fibre, total
phenol, and lipid from seed, were quantified at Food
Quality Testing Laboratory, N. M. College of Agriculture,
NAU, Navsarito confirm a correlation with fruit damage.

Results

The freshly hatched larvae of seed borer, . margarias
build pathways through the fruit pulp and bore holes in
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the marble-sized fruit's surface. Infested fruits do not
exhibit any outward signs of seed borer damage. The
only indication of pest damage is a tiny exit hole, and
the mature larvae escape from the infested fruit after
finishing feeding on the seed cotyledon (Bisane, 2016).
Table 1 to 4 shows the results of five consecutive fruit
harvesting seasons' worth of sapota varieties/hybrids
evaluation against the seed borer.

During the first year (2015-16), Kirthibarthi (9.23%),
CO-2 (8.91%), and DHS-2 (7.26%) had substantially
higher annual average fruit damage than Kalipatti
(6.72%) and exhibited 8.01-37.29% more susceptibility
response (Table 1). However, Chala collection-1, PKM-4
Chala collection-3, and Singapore all found lower mean
fruit damage than 4% and had 41.27-58.04% lower
vulnerability reactions than Kalipatti. Kirthibarthi
(13.56%) and CO-2 (11.94%) had the most fruit damage
in November, whereas Kalipatti (10.33%) had the most
fruit infestation in December at the beginning of fruit
harvesting.In contrast, DHS-2 (12.67%) experienced the
most serious damage in February, which was the
middle of the fruit harvest.

During the succeeding second year of 2016-17
(Table 1), the higher average fruit damage was recorded
in DHS-2 (6.87%), Kirthibarthi (6.12%), Cricket ball
(5.69%) than Kalipatti (5.31%) and these varieties/
hybrids had 7.11 to 29.42% more susceptibility
response than Kalipatti. However, CO-3 (2.57%), Chala
collection-1 (2.60%), CO-1 (2.78%), and Zumakhiya
(3.02%) had the minimum mean fruit loss with 43.14-
51.64% less susceptibility response than Kalipatti.
During April, fruit damage intensity reached its highest
in DHS-2 (9.88%), Murabba (8.33%) and DHS-1 (8.08%)
at the end of fruit harvesting. While Kirthibarthi (6.67%)
had the highest fruit damage in November, and
Kalipatti (6.00%) in December at the early fruiting stage.

In the subsequent third year of 2017-18 (Table 2),
the yearly mean higher fruit loss was recorded in
Kirthbarthi (6.96%) than Kalipatti (6.22%) and also
statistically similar to Cricket ball (5.99%), DHS-2 (5.75%)
and CO-2 (5.69%). Here, Kirthbarthi was found nearly
11.78% more susceptible than Kalipatti; however,
Cricket ball, DHS-2 and CO-2 were only 3.81-8.54% less
susceptible. However, the mean lower fruit damage was
recorded in Chala collection-3 (2.41%), Chala collection-
1 (2.45%), PKM-3 (2.71%), CO-3 (2.75%) and CO-1
(2.82%), which showed 54.74 to 61.27% less
receptiveness reaction over Kalipatti. Unlike the earlier
two seasons, the fruit damage reached its highest in
December only during 2017-18 in susceptible
varieties/hybrids viz., Kirthbarthi (8.33%), Kalipatti
(7.00%), CO-2 (6.57%), Cricket ball (6.56%) and DHS-2

(6.33%) at theinitial phase of fruit harvesting.

In 2018-19 (IV year), seed borer caused higher fruit
damage in Kalipatti (8.39%), after that in Kirthibharti
(7.42%), DHS-2 (6.53%), CO-2 (6.16%) and Paria
collection (6.03%) and were only 11.57-28.15% less
susceptible than Kalipatti (Table 2). While the lower
damage of marketable fruits was observed in Chala
collection-2 (1.63%), Chala collection-3 (2.09%), CO-3
(2.26%) and Chala collection-1 (2.38%) and showed
71.65 to 80.53% less receptiveness reaction over
Kalipatti. The maximum infestation was observed
during December in Kalipatti (9.44%), Kirthibharti
(9.15%), CO-2 (8.52%) and Paria collection (7.33%), as
wellas during February in DHS-2 (8.43%).

In the fifth year (2019-20), the average fruit damage
was higher in CO-2 (7.88%), closely by Kalipatti (7.80%),
Kirthibharti (7.64%), Cricket Ball (6.57%), DHS-2 (6.50%),
and Paria collection (6.40%) (Table 3). Among them, CO-
2 was found to be 0.97% more susceptible than
Kalipatti; however, Kirthibharti, Cricket Ball, DHS-2, and
Paria collection exhibited only 2.05-18.01% less
susceptibility, performing similarly to the standard
check. In contrast, the lower damage was observed in
Chala Collection-2 (2.08%), Chala Collection-1 (2.25%),
Chala Collection-3 (2.34%), Zumakhiya (2.65%), and
Singapore (2.78%) and demonstrated significantly
lower receptiveness of 64.42-73.35% than Kalipatti.
Peak infestation was noted in February, particularly in
Kirthibharti (10.68%), CO-2 (10.37%) and Cricket Ball
(9.52%). Similarly, in March, Kalipatti (10.33%) and DHS-
2 (8.58%) showed significant damage during the
advanced fruiting phase.

In pooled data spanning five years (Table 3),
Kirthibarthi had the highest average seed borer
infestation (7.47%), followed by Kalipatti (6.89%). The
varieties DHS-2 (6.58%), CO-2 (6.56%), Cricket ball
(5.89%), and Paria collection (5.35%) also showed
relatively high infestation, indicating their susceptibility
to seed borer. Here, Kirthibarthi exhibited up to 8.48%
higher susceptibility to seed borer compared to
Kalipatti and closer to DHS-2 and CO-2, which showed
decreased vulnerability with 4.45-4.77% lesser
infestation rates compared to the standard check.
Meanwhile, the Cricket ball and Paria collection were
14.53-22.34% less susceptible than Kalipatti. In
contrast, varieties Chala collection-1 (2.50%), Chala
collection-3 (2.75%), Chala collection-2 (2.94%),
Zumakhiya (3.21%), CO-3 (3.24%), and CO-1 (3.30%)
experienced significantly lower infestation levels,
demonstrating better resilience to seed borer with
overall 52.11t063.70% less susceptibility response than
Kalipatti.

Indian Journal of Plant Genetic Resources

74

39(1)72-84



Seed Borer Tolerance in Sapota Genotypes

Bisane et al.

"YIUOW = |\ ‘SIUDWIIRI] = | "SON|BA PawIOjsuel)} 1004 dienbs (§'0+x) aJe sisayjualed ul sainbiy 4

- - - - Ll - - - - 06°€l %AD
- - - 6€°0 - - - - LS'0 WXL %S
- - - - 800 - - - - Lo W 1e
- - - - 9L'0 - - - - Lz0 1 a
- €y laquiadag 00'9 (') LES - 00°€ JaquiadaQ €e0l v9Q)eL9 133edijey “1
SLLE- lze udy S0'S (€6'1) o€ 9L'9t- vLT [udy 08'% (66'L) T9'€ €-1103 ejeyd “L
ree- 79T Arenigag 09 (66'L) €S°€ L9'9¢- St laquiadag 09's (r12) 9Ty z-llo3 eley>D 1
LO'LS- 06°'L laquiada(g 86'€ (PL'1) 09T ¥0'85- e Iaquiadag LLE (08'1) 8T L-1102 eleyd 1
9/t~ LLe Judy 759 (0£7) 067 8t'Le- 96°'L 1aquianoN 26'9 (1T 197 ‘|10 elied il
LTSL 00'S 19quianoN 199 (950 TL'9 6CLE L9V IaquianoN 95°€l (s0°€) €6 IyHeqIyuny “1
18'/T- L9°L [udy w's (¥0'70) €8°€ [T 6LC [udy 681 (L0T) S6'€ al1odebulg ‘1
Lz s Isquiadeg 90'9 (Lv'D) 69'S 88°0L- 19T Isquiadeg 19’8 (8¥'0) 66'S [1eq 31D 1
61'8¢- vTe Asenuer SEY (t6'L) STE 8€°0¢- SST laquiadeg (4 (¥TT) 89Y redijd “1
veLe- 81T lsquiadeg ¥8v (o0 v9e 1S°6¢- L0T 1quiadeg €69 (60°7) 907 yedunyg it
vl Eh- 11T judy €€y (98°'1) 20°€ 9/°6¢- At [udy L9S (607) SO eAiysewnz “1
oLve- 0Ll [udy €99 (L0D) €0F L¥'6C- 06'C IquianoN 191 wTovLy 93j006uRYOIN “1
L0°8- LT [udy €€'8 (LTT) 88Y vo'ee- 05T laquiadeg €€, (617) 0SY eqaeinpy "L
w6t 00 [udy 88'6 (697) £8'9 L0'8 €ee Arenigay L9TL (LLQ9TL Z-SHA 1
65°LT 50T [udy 80'8 (oo v8e zece- LLT 1aquianoN ¥9'S (6L vry L-SHA ‘L
vo'LS- 86'L laquiadag LL€ (€L°1)LST 06'9C- 8/C laquiadag 191 (970 L6Y €0D °L
09'LT- 05T IaquianoN 'S rLrooly 43 LLe 1aquianoN v6'LL (00°€) 168 - ‘L
0L LY~ €€ laquiadag 6l€¢ (08'1)8LC ov'Le- €5 laquiadag 002 (070 L9V L-0D °L
vSTe- 0€C [udy S8'S (66'L) 8S'E LOPE- €L JaquisnoN L8'S (1T ey S ‘L
€5°6C- 681 [udy 06'L (000 vLe L6'LY- 08T JaquianoN LSV (86'L) 0S°€ Y- 1
L9'sz- e [udy 99/ (s00) S6'€ £v'g¢- 19T JaquisnoN 6£9 (ELovly €-IMNd L
65'8C- 08'C Asenuer s (900 6L€ S0'g¢E- 0ST JaquianoN 89'G (L1 LY T-Wd ‘L
SO'LL- Z43 [udy 80°L (ro Ly 95'8¢- €ee laquiadeg €€9 (8T0) 08Y L-IMd ‘L
medijey (%) (%) medijey (%) (%)
19n0 abewep yuow abewep «obewep 19n0 abewep yuow abewep «obewep
uoneuea Ny fanoe Ny unay uoneulea unay fanoe unay unay
JUdd 43d ‘UuIn ‘Xe ‘XeW 9% ‘BAyY JUdd 1dd T ‘Xe ‘XeW 9 ‘BAY spuqAy jusw
(£1-910Z -1edk ||) (91-s10Z -1eak ) /senauep  -jeas)

(1ea£ || pue |) 1210q paas Jsulebe eyodes Jo SPLUGAY/SIIIBLIBA JUSIHIP JO SDURWIOLIS 1L 3]qel

39(1)72-84

75

Indian Journal of Plant Genetic Resources



Seed Borer Tolerance in Sapota Genotypes

Bisane et al.

"YIUOW = |\ ‘SJUDWILDI] = | "SIN|RA PaWIojsueI} 1004 d1enbs (5'0+x) aJe sisayiualed ul sainbid .

- - -- - a6l - - - - Lzol %AD
- - - - SN - - - - SN WXL %S
- - - - €10 - - - - L0 W 1e
- - - - 9z°0 - - - - o 1 a
- 959 laquiadeg vv'6 (96'7) 6€8 - €e's Iaquaag 002 (85°0) TT9 imedijey “1
S0'SL- €01 Yaiew 95'€ (8¥'L)60°C LT19- €L [udy A (19'L) ¥ €-1103 ejeyd “1
£5°08- 190 Yarew 1TT (g1 €9°L 99'8p- LT Idquaag L8t r8'1) oTe z-1102 eleyd “L
S9'LL- 951 Yorew Ss'e (L9°1)8€T £9'09- LEL laquiadag 69°€ (L9'L) S¥'T L1102 eleyd "1
S1gz- vL'S laquiazeg €€, (¥52) €09 L§ze- L9°€ SEL[IERETg] 44"} (6T0) T8V ‘|10 elied it
LSLL- St'9 laquiadag SL'6 (080 Tv'L 8711 L6'S laquiadag €€'8 (T2 96'9 1Y3eqiyry ol
0l'sS- 44 Yorew 8t ¥0Q) LLE 69°CE- €8'C [udy L9'S (sLo6ly a1odebulg “1
z6'L¢E- SSt laquiadaqg L¥'9 (0£Q) LTS L8'¢- €e's laquiadag 959 (¥S0) 66'S leq 321D 1
LEYS L0€ laquiadeg 9T's (s07) €8 96'€€- LEE laquiadag 00's rLo Ly 133edi|id “1
96'/5- €€T laquiadaqg Sty (66'L) €S°€ LOYE- sTe 1dqwda(g 95's (€LDoLy medunyg gt
LS'19- ol Yolew e (rveLe 9'Lp- €6'C Yolew wy (107) €9°€ efiyyewnz “L
£9°05- 86'C Arenigag 06 (ELDvLy 61°67- 00°€ 1dqwda( 44 (8L LEY a33006ueyO “1
88 /- 69T Krenigad 179 (8L LEY 60°€E- 0SC JEL[VIERETg! s rLooly eqqeiniy "1
aL'ze- 000 Arenigag €v'8 (€977) €59 65'L- L9V laquiadag €€'9 (6v'0) SL'S Z-SHA it
00'%S- YT Arenigad €CS (907) 98°€ L8TH- 85T [udy 85y (66'1) 95°€ L-SHA ‘L
60°€- 80°L laquadaQ 8¢c'e (65°1) 97T £8'GS- LE'L yosew o'y (Tr)sLe €-0D ‘L
759z vTs lsquiadeg zs'8 (950919 ¥5'8- 657 lsquiadeg 159 (Lv'0) 69°'S 0D ‘L
£4°89- v6°L JEL[VIERETq] €6'€ (TL1) s9¢ YL vS- S8'L 1aqwada( €8¢ (6£71)T8°C 1-0D °L
9/'59- S6°0 Yorew 8 (PL'L) L8T 68'7t- 65°L [udy LE'S (06'L) ev'E S-IMd ‘L
§9°€9- v6°'L |udy 19€ (s8°L) s0'€ 08'L¥- LSL [udy LS (98'1) sTe v-WMd L
£0'99- 86'L [udy €6'€ (08°L) S8C L¥9S- Lz [udy 6lY (ruiLe €-INMd L
89'85- 0SC Yorew 89t (L6'L) 9P’ L¥'8- €8'L [udy L9Y (06'L) LT'€E Z-Wid ‘L
¥8°05- €1T udy rL's €Ly 06'Lt- STT [udy LS (007 To€ L~ 'L
medijey (%) (%) medijey (%) (%)
FEYY) abewep yuow abewep «obewep FEYY) abewep yuow abewep «obewep
uoljelieA unay fAiande unay unay uoljelieA unay fAande unay unay
JUDd 13d ‘Ui ‘Xel ‘Xe 9 *BAy JUDd 13d Ul ‘Xe| ‘Xel % *BbAy spLqgAy juaw
(61-8L0T -1ed£ A|) (8L-£10TZ -1edk 1) /snauen  -jedll

(1eak A pue |||) 12109 pads ysutebe ejodes Jo SPLIGAY/SD1IDLIA JUDIDHIP JO DOURWIONI 1T d]qeL

39(1)72-84

76

Indian Journal of Plant Genetic Resources



Seed Borer Tolerance in Sapota Genotypes

Bisane et al.

"YIUOW = |\l ‘SJUDWILDI] = | "SIN|RA PAWI0JSUeI} J004 dienbs (5'0+X) a4 sisayjualed ul sainbid .

- - - - L9l - - - - 658l %AD
- - - - SN - - - - - AXINXL
- - - - Lo - - - - -- AXN
- - - - 44 - - - - -- AXL
-- - - - S0 - - - - SN WXL
-- -- - - S0°0 - - - - -- A %S
- - - - S0°0 - - - - €10 W 10
- - - -- 0L'0 - - - - 9z°0 L a
- ¥0'9 SEL[WERETq] v6'L (69'7) 689 - Le'e Yolew €€0L (€8'7) 08°L medijey “1
20°09- e [udy So'¢ (¢L1)sLe 66'69- 6L°1 Asenige4 z0¢ (95°1) €T €-'110> eeyd “1
zeLS- or'e Asenigay L€ (9L1) 6T cees- L€l Asenigay sTE (8¥°'1) 80T Z-1103 eeyd ‘L
0£°€9- STard laquiadaQg 16C (£'1)0ST eLLL- 98'L Aseniga4 6L°C (F9°1) STT L1103 ejeyd %1
vece- Sty laquiadag 209 (8€0) s€°S L0'8L- 90T [udy 658 (¥S0) 0v'9 |03 elied “1
8t'8 G€9 JaquiadeQg ¥9'8 (60 L¥'L S0'C- 6L°€ Aseniga4 8901 (18 ¥9'L IyHeqIyHIy ol
9T 9p- 19T [udy 09t (Lo oLe rv9- wl Asenigay (3% (9£'1)8L°C a1odebuls ‘1
£SyL- 80'S Areniga4 169 (8¥°'7) 68°S 78'Sl- 6L°€ Asenigay 756 (€90 LS9 (12 332D ’1
STEY- vi'e JaquiadaQg Wy (L0Q) L6 $8'Ts- wl [udy vTs (86'1) 89°€ medijid il
67 Sh- [T€ Jaquiadeqg vy (¥00) LLE ¥0'SS- e Asenigay 85y (96°1) LS'E edunyg "l
423N 79¢ [udy 66'¢ (88'1) LT’E ¥0'99- £9°0 Aseniga4 Wy (0£'1) §9°C eAiyyewnz “1
ST Ly- 86'C laquiadaQg S8 (6077) SO S129- ShL Aseniga4 X7 (€8'1) S6'C a3j006URyOW “1
Tv8e- 6l°€ JaquiadaQg v6'v (€L vey €8'/6- 651 Aseniga4 vTs (06'L) 6T°€ eqaeiniy 'L
Shv- 8€'s Asenigay ¥s'8 (29°0) 859 69°91- 90°€ yolew 85’8 (09°7) 059 Z-SHA 1
S8°Th- 89'C [udy 6Y (L0 v6'E 76'8Y- LET Aseniga4 6Y (60'7) 66°€ L-SHA ‘L
L6°CS- 79¢ laquiadag 8L¢ (L8'1) vTe v's- 4 [udy 20's (co e €-0D °L
LLY- €8S Jaquiadeg 19 (19°7) 959 160 057 Aseniga4 LEOL (987 88°L z-0D ‘1
LLzs- 65°C laquiadaQg 8Ey (06'L) 0£°€ £€'€S- 4 Aseniga 6 (L0 ¥9°€ L-0D °L
9L'SH- 78T ludy 60'S (Log)sLe 9" Lb- 8¢ [udy €€9 (€T 8SY S-WId ‘L
Z1°0s- 9t'C [udy vy (¥6°'1) P¥'E 67°€S- €€ Aseniga4 SLY (20 ¥9°€ - L
68°9- e [udy €SS (66'1) 99°€ St'ov- 8€'C [dy 658 (LT S9v €-\Md L
S0'8b- L0'E Yole 9gy (66'1) 8S°€ L£09- vLL [udy Yo'y (€8°1) L0°E -Wid ‘L
S8'8¢- LE€ ludy vL'S w1 LTy zELs- Sl Yolew WA (€00) 08°€ L-IMd gl
medijey (%) (%) medijey (%) (%)
1310 abewep yjuow abewep «obewep 1310 abewep yuow abewep «obewep
uoneleA unay fAande unay Ny uoneleA unay fandoe unay unay
JUdd Jdd ‘Ul ‘XeN ‘Xe 9 *BAY JUd Jdd ‘UIN *XeN ‘Xe % ‘BAy spuqgAy juswi
pajood sieak g (0Z-61L0T -1e3A A) /sonalep -jeal]

(p3]j00d pue Jeak A) Ja10q pads Jsulebe eyodes Jo spLGAY/SIIIBLIBA JUSISHIP JO 9DURWIIOLIS i€ d]qel

39(1)72-84

77

Indian Journal of Plant Genetic Resources



Bisane et al.

Seed Borer Tolerance in Sapota Genotypes

December had the highest fruit damage intensity
during the initial phase of fruit harvesting. Damage
levels peaked in Kirthibarthi (8.64%), Kalipatti (7.94%),
CO-2(7.67%), and Paria collection (6.02%) (Table 4).

For DHS-2 (8.54%) and Cricket ball (6.97%), peak

damage was recorded in February, aligning with the
middle of the harvest season. The higher infestation
due to seed borer was recorded mostly in December
and a few in April among all varieties/hybrids (Table 5).
In December, a maximum of 11 varieties/hybrids were

Table 4: Month-wise performance of different varieties/hybrids of sapota against seed borer (5 years pooled)

Treatment Varieties/ Per cent Fruit damage (5 years pooled)

hybrids Nov. Dec. Jan. Feb. March April
T, PKM-1 3.31(1.90) 3.70(2.01) 3.95(2.09) 418 (2.15) 4,99 (2.33) 5.14 (2.35)
T, PKM-2 3.02(1.82) 3.01(1.84) 3.33(1.93) 3.94 (2.08) 4.36 (2.19) 3.81 (2.05)
T, PKM-3 3.28(1.90) 2.95(1.84) 2.72(1.77) 3.30(1.92) 417 (2.13) 5.53(2.39)
T, PKM-4 2.46 (1.65) 3.06 (1.87) 3.01(1.84) 3.42(1.97) 3.92 (2.08) 4.74(2.23)
T, PKM-5 2.82(1.71) 3.32(1.89) 3.39(1.92) 3.71(2.03) 4.34 (2.18) 5.09 (2.34)
T, CO-1 3.11 (1.84) 4.38(2.17) 3.67 (1.98) 3.19(1.90) 2.59(1.72) 2.85 (1.80)
T, CO-2 6.43 (2.58) 7.67 (2.82) 6.49 (2.61) 6.80(2.61) 6.15 (2.55) 5.83(2.48)
T, Cco-3 3.01(1.78) 3.78(1.99) 3.39(1.90) 3.15(1.89) 3.49(1.96) 2.62(1.69)
T, DHS-1 3.36(1.93) 4.00 (2.09) 2.68 (1.76) 4.00 (2.09) 4.66 (2.26) 4.92 (2.30)
T, DHS-2 5.66 (2.44) 6.74 (2.67) 5.38(2.39) 8.54 (2.98) 6.67 (2.65) 6.50 (2.60)
T, Murabba 3.89(2.03) 4,94 (2.29) 3.19(1.89) 4,09 (2.11) 4,92 (2.32) 4.42(2.17)
T, Mohangootee 439 (2.14) 4.85 (2.27) 2.98 (1.84) 3.43(1.95) 4.40 (2.2) 4.23(2.13)
T, Zumakhiya 2.62(1.67) 3.43(1.93) 2.69 (1.77) 2.96 (1.84) 3.60 (2.01) 3.99 (2.09)
T. Bhuripatti 3.55(1.96) 4.74 (2.26) 3.57(2.01) 3.27(1.92) 3.61(2.00) 3.88(2.07)
T, Pilipatti 3.62(1.97) 442 (2.17) 4.16 (2.14) 3.53(1.99) 3.44(1.97) 4.28 (2.16)
T Cricket ball 5.40 (2.40) 6.88 (2.64) 5.50(2.39) 6.97 (2.71) 5.08 (2.34) 5.49(2.42)
T, Singapore 3.32(1.90) 4.13(2.11) 2.67 (1.76) 3.57(1.99) 3.92 (2.09) 4.60 (2.23)
Te Kirthibarthi 7.39 (2.74) 8.64 (3.00) 7.86 (2.85) 7.50(2.81) 7.10(2.73) 6.35 (2.60)
T Paria coll. 4.71(2.23) 6.02 (2.53) 4.45(2.19) 5.70 (2.46) 5.26 (2.34) 5.95(2.51)
T, Chala coll.-1 2.26 (1.63) 2.97 (1.84) 2.53(1.72) 2.27 (1.64) 2.41(1.66) 2.56 (1.74)
T, Chala coll.-2 2.99(1.76) 3.12(1.79) 2.40(1.62) 3.47 (1.89) 2.71(1.73) 2.94(1.79)
T, Chala coll.-3 2.22(1.55) 2.65(1.69) 2.38(1.62) 2.37(1.63) 3.26 (1.87) 3.65 (1.95)
T, Kalipatti 6.04 (2.53) 7.94 (2.89) 6.40 (2.61) 7.13(2.73) 6.80 (2.65) 7.01 (2.71)
Avg. % fruit damage 3.86 4.67 3.86 4.37 443 4,63
of the month
CD at 5% T 0.26 0.25 0.26 0.23 0.24 0.24

M 0.12 0.12 0.12 0.10 0.11 0.11

™M 0.58 0.57 0.58 0.50 0.53 0.54
CV% 17.92 15.97 17.66 14.61 15.15 15.26
* Figures in parenthesis are (x+0.5) square root transformed values. T = Treatments, M = Month.
Table 5: Month-wise trend of seed borer fruit damage in different varieties/hybrids of sapota
Year/Months Nov. Dec. Jan. Feb. March April
2015-16 9 10 - 1 - 3
2016-17 2 6 2 1 - 12
2017-18 - 13 - - 2 8
2018-19 - 9 - 4 7 3
2019-20 - - - 14 3 6
Avg. - 1 - 3 1 8

Note: Figures in tables indicate no. of varieties/hybrids with peak damage.
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infested by seed borer, as well as 8 in April. Other
months have less damage intensity. This type of trend
was also noted in year-wise screening data, except for
2019-20.

Compared to previous years, a wide variety
experienced peak fruit damage later, in March-April,
due to a delayed onset of the fruiting season. In month-
wise and year-wise fruit damage over the five years,
there were significant variations noted, as well as in the
mean values across six months of observations. As well,
no significant interaction effects were detected when
comparing data from 2017-18 to 2019-20. However, the
interaction outcome was significant during 2015-16
and 2016-17.The reason for this mismatch could be that
thefirst two years had a higher infestation of seed borer

with substantial variation across varieties/hybrids, but
the succeeding three years had a decrease in pest
incidence, resultinginless dissimilarity.

The outcome of categorization of different
varieties/hybrids of sapota based on mean fruitdamage
by seed boreris depicted in Table 6. 1n pooled grouping,
none of the varieties/hybrids were found highly
resistant; however, Chala collection-1 and 3 were
ranked as resistant, while 15 varieties/ hybrids were
grouped as moderately susceptible. Paria collection
was enlisted under the moderately susceptible
category, whereas CO-2, DHS-2, Cricket ball and
standard check- Kalipatti were enlisted in the
susceptible and Kirthibarthi under the highly
susceptible category. Like, the scaling classification

Table 6: Categorization of different varieties/hybrids of sapota based on average fruit damage due to seed borer

Scale 2015-16 2016-17 2017-18 2018-19 2019-20 Pooled
Highly - - - - - -
Resistant (HR)
Resistant (R) Chala coll.-1 CO-1,CO-3, PKM-3, CO-3, Chala coll.-1, Chala coll.-1,
Chala coll.-1 CO-3, Chala coll.-2 Chala coll.-2, Chala coll.-3
Chala coll.-1, Chala coll.-3 Chala coll.-3
Chala coll.-3
Moderately PKM-1, PKM-2, PKM-1, PKM-2, PKM-1, PKM-1,
Resistant (MR) PKM-2, PKM-3, PKM-2, PKM-3, PKM-2, PKM-2,
PKM-3, PKM-4, PKM-4, PKM-4, PKM-4, PKM-3,
PKM-4, PKM-5, PKM-5, PKM-5, CO-1, CO-3, PKM-4,
PKM-5, DHS-1, CO-1, CO-1, DHS-1, PKM-5,
CO-1,CO-3, Mohangootee, DHS-1, DHS-1, Murabba, CO-1,CO-3,
DHS-1, Zumakhiya, Zumakhiya, Zumakhiya, Mohangootee, DHS-1,
Murabba, Bhuripatti, Chala coll. 2 Bhuripatti, Zumakhiya, Murabba,
Mohangootee, Pilipatti, Pilipatti, Bhuripatti, Mohangootee,
Zumakhiya, Singapore, Singapore, Pilipatti, Zumakhiya,
Bhuripatti, Chala coll.-2, Chala coll.-1 Singapore Bhuripatti,
Pilipatti, Chala coll.-3 Pilipatti,
Singapore, Singapore,
Paria coll., Chala coll.-2
Chala coll.-2,
Chala coll. 3
Moderately Cricket ball PKM-1, Murabba, PKM-1, PKM-3, Paria coll.
Susceptible (HS) CO-2, Mohangootee, Murabba, PKM-5
Murabba, Bhuripatti, Mohangootee,
Paria coll. Pilipatti, Cricket ball
Singapore,
Paria coll.
Susceptible DHS-2, Cricket ball, CO-2, CO-2, CO-2,DHS-2, CO-2,
©) Kalipatti Kirthibarthi, DHS-2, DHS-2, Cricket ball, DHS-2,
Kalipatti Cricket ball, Kirthibarthi, Kirthibarthi, Cricket ball,
Kalipatti Paria coll. Paria coll., Kalipatti
Kalipatti
Highly C0-2, DHS-2 Kirthibarthi Kalipatti - Kirthibarthi
Susceptible(HS) Kirthibarthi
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with respect to peak fruit damage is presented in Table
7. Here in pooled data, none of the varieties/hybrids
were found highly resistant, while Chala collection-1, 2
and 3 were grouped under the resistant category, and
13 varieties/hybrids were categorised in moderately
resistant and PKM-3 and Paria collection in moderately
susceptible. CO-2, Cricket ball and Kalipatti were
classified as susceptible varieties while DHS-2 and

Kirthibarthi come under the highly susceptible
category. Under individual years cataloguing under
average and peak damage, nearly the same trend was
seenin theranking, and a slight disparity may be due to
the crop phenology impact.

The data on bud morphology (Table 8) and eight
biochemical contents (Table 9) were measured, and a
correlation matrix was assessed with seed damage for

Table 7: Categorization of different varieties/hybrids of sapota based on peak fruit damage due to seed borer

Scale 2015-16 2016-17 2017-18 2018-19 2019-20 Pooled
Highly Resistant - - - - - -
(HR)
Resistant (R) Chala coll.-1 CO-1, CO-3, PKM-3, Chala coll.-2 Chala coll.-1, Chala coll.-1,
Chala coll.-1 COo-1, Chala coll.-2, Chala coll.-2,
Zumakhiya, Chala coll.-3 Chala coll.-3
Chala coll.-1
Moderately PKM-1, PKM-2, PKM-1, PKM-1, PKM-1, PKM-1,
Resistant PKM-2, PKM-5, PKM-2, PKM-2, PKM-2, PKM-2,
(MR) PKM-3, CO-2, PKM-4, PKM-3, PKM-4, PKM-4,
PKM-4, Zumakhiya, PKM-5, PKM-4, CO-1,CO-3, PKM-5,
PKM-5, Bhuripatti, CO-3, PKM-5, DHS-1, CO-1,CO-3,
COo-1, Pilipatti, DHS-1, CO-1,CO-3, Murabba, DHS-1,
DHS-1, Singapore, Murabba, DHS-1, Mohangootee, Murabba,
Zumakhiya, Chala coll.-2, Pilipatti, Mohangootee, Zumakhiya, Mohangootee,
Bhuripatti, Chala coll.-3 Chala coll.-2, Zumakhiya, Bhuripatti, Zumakhiya,
Pilipatti, Chala coll.-3 Bhuripatti, Pilipatti, Bhuripatti,
Singapore, Pilipatti, Singapore Pilipatti,
Paria coll., Singapore, Singapore
Chala coll.-2, Chala coll.-1,
Chala coll.-3 Chala coll.-3
Moderately CO-3, PKM-1, DHS-2, Murabba, PKM-5, PKM-3,
Susceptible (HS) Murabba, Mohangootee, Mohangootee, Cricket ball DHS-2, Paria coll.
Mohangootee, Cricket ball, Bhuripatti, Paria coll.
Cricket ball Kirthibarthi, Singapore,
Paria coll., Paria coll.
Kalipatti
Susceptible CO-2, PKM-3, CO-2, CO-2, PKM-3, CO-2,
(S) Kalipatti PKM-4, Cricket ball, DHS-2, CO-2, Cricket ball,
DHS-1, Kalipatti Kirthibarthi, Cricket ball, Kalipatti
Murabba Paria coll. Kirthibarthi,
Kalipatti
Highly DHS-2, DHS-2 Kirthibarthi Kalipatti - DHS-2,
Susceptible (HS) Kirthibarthi Kirthibarthi
Table 8: Morphological parameters of seed in different varieties/hybrids of sapota
Treatment Varieties/ Avg. seed length Avg. seed width Avg. seed
hybrids (mm + SD) (mm + SD) thickness (mm + SD)
T, PKM-1 19.94 + 0.85 10.63 +0.38 5.71+0.63
T, PKM-2 20.60 + 0.88 11.99 + 0.89 5.80+0.47
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T, PKM-3 19.11 + 3.09 11.74+0.5 6.02 +0.74
T, PKM-4 21.27 +1.33 10.34 +0.88 5.86 +0.63
T, PKM-5 17.05+1.11 8.84+0.74 4.63+0.35
T, CO-1 21.34+1.35 12.04 +0.68 6.17+0.44
T, CO-2 18.55+2.78 9.98 + 00.64 4.794+0.32
T, COo-3 19.26 +1.17 11.81+0.67 6.05+0.48
T, DHS-1 20.54 +0.90 11.14 + 0.86 5.77 +0.44
Ty DHS-2 22.81+0.78 11.34 +0.53 5.80+0.27
T, Murabba 19.94 + 1.56 11.05 +0.81 5.64 +1.02
T, Mohangootee 19.92 +1.26 10.14 +0.90 5.40 + 0.40
T, Zumakhiya 20.12+1.73 10.73 £ 0.94 597 +0.87
T. Bhuripatti 20.99 +1.19 10.59 + 0.69 532+034
T Pilipatti 20.89+0.76 11.24 +0.94 5.56 +0.61
Ty Cricket ball 19.45 + 0.95 10.31+0.96 5.82+0.58
T, Singapore 21.59+0.73 11.61 + 0.53 6.34+0.58
T Kirthibarthi 19.50 + 0.60 9.83+0.36 5.14+0.42
T, Paria coll. 19.34 +1.09 10.65 +0.58 542 +0.31
T, Chala coll.-1 20.88 +0.93 11.63+0.24 5.23 +0.40
T, Chala coll.-2 20.62 +1.06 10.91 +0.58 5.59 +0.60
T, Chala coll.-3 19.98 +1.15 10.71 +£0.77 543 +0.35
T, Kalipatti 22.06 + 1.11 11.13+1.56 573 +0.47
Table 9: Biochemical parameters of seed in different varieties/hybrids of sapota
Treatment Varieties/ Crude Total Reducing Non- Total Crude Total Lipid

hybrids Protein  Carbohydrate Sugar  reducing Soluble Fibre Phenol

(%) (%) (%) Sugar (%)  Sugar (%) (%) (%) (%)

T, PKM-1 1.06 74.76 1.35 7.02 8.36 13.00 0.21 1145
T, PKM-2 1.60 75.01 0.14 7.63 7.77 15.12 0.12 10.80
T, PKM-3 0.68 78.55 0.48 8.17 8.66 11.20 0.21 14.85
T, PKM-4 1.43 65.27 0.78 6.48 7.27 19.56 0.16 8.40
TS PKM-5 0.93 86.25 0.06 6.23 6.29 12.76 0.15 14.00
T, CO-1 1.72 77.46 0.68 7.72 8.41 13.66 0.32 11.70
T, CO-2 1.65 82.40 0.52 6.23 6.75 13.96 0.18 12.30
T, CO-3 0.75 77.36 0.43 10.53 10.96 14.96 0.14 1345
T, DHS-1 0.83 89.77 0.08 743 7.51 13.23 0.13 13.05
T DHS-2 0.48 94.86 0.09 6.85 6.94 14.41 0.13 11.10
T, Murabba 0.59 73.76 0.20 417 4.36 21.16 0.11 10.95
T, Mohangootee 0.71 69.37 0.29 5.64 5.93 13.92 0.17 11.10
T, Zumakhiya 2.70 85.45 0.47 6.52 6.99 14.60 0.11 36.40
T, Bhuripatti 0.58 41.35 0.33 6.47 6.80 15.20 0.11 13.20
T Pilipatti 0.83 63.82 0.76 9.33 10.09 11.84 0.27 14.15
T Cricket ball 2.04 69.27 0.26 7.07 7.33 16.88 0.14 13.90
T, Singapore 1.73 65.77 0.29 6.15 6.43 19.04 0.19 8.15
T Kirthibarthi 0.99 64.17 0.32 7.08 7.40 14.22 0.20 13.55
T Paria coll. 3.91 99.48 0.67 13.27 13.94 13.12 0.17 14.05
Ty Chala coll.-1 0.68 79.55 0.15 8.29 8.45 12.90 0.12 12.60
T, Chala coll.-2 0.83 78.40 0.77 5.88 6.65 12.12 0.26 14.35
T, Chala coll.-3 0.87 64.82 2.76 11.06 13.82 15.50 0.32 15.10
Ty Kalipatti 248 63.62 0.20 6.94 7.14 12.78 0.20 13.70
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their significance. There was a non-significant
correlation between seed length, width and thickness
of different varieties/hybrids and seed damage with
respect to average and peak infestation (Table 10). As
well, a non-significant correlation was observed

can be catalogued in less damaged sapota
varieties/hybrids due to late flowering and
subsequently fruiting initiation.

Discussion

between seed borer damage and eight biochemical
contents of seed viz., crude protein, total carbohydrate,
reducing sugar, non-reducing sugar, total soluble sugar,
crude fibre, total phenol and lipid of different
varieties/hybrids (Table 11). This indicates pest
population may be influenced by ecological and
phenological factors, as well as escape type resistance

Inthe past 20 years, relatively little study has been done
on the screening of sapota varieties against seed borer
throughout India since its detection in 2000; limited
information exists, which has been conducted primarily
in Gujarat. In earlier studies in South Gujarat, Kanade
(2005) revealed that among the different varieties of

Table 10: Correlation matrix of seed morphology parameters of different varieties/hybrids of sapota with fruit
damage by seed borer

Parameters Fruit damage Seed Length Seed Width Seed Thickness
Fruit damage 1 - - -
Seed Length 0.021 (0.030)# 1 - -
Seed Width -0.332(-0.324)# 0.581** 1 -
Seed Thickness -0.254 (-0.212)# 0.551** 0.739%** 1

**Correlation is significant at 1% and * Correlation is significant at 5%.
# Figures in parenthesis are correlation matrix analyzed for peak fruit damage and outside are correlation matrix analyzed for average fruit damage.

Table 11: Correlation matrix of biochemical parameters of different varieties/hybrids of sapota with fruit damage
by seed borer

Parameter Fruit Crude Total Reducing Non- Total Crude Total Lipid

damage Protein  Carbohy- Sugar reducing Soluble Fiber Phenol
drate Sugar Sugar

Fruit damage 1 - - - - - - - -

Crude Protein 0.263 1 - - - - - - -
(0.196)#

Total 0.066 0.284 1 - - - - - -

Carbohydrate (0.092)#

Reducing Sugar -0.291 -0.015 -0.181 1 -- -- -- -- --
(-0.287)#

Non-reducing -0.104 0.354 0.24 0.436* 1 - - - -

Sugar (-0.141)#

Total Soluble -0.164 0.302 0.162 0.628** 0.974** 1 - - -

Sugar (-0.194)#

Crude Fibre -0.04 0.002 -0.285 -0.02 -0.339 -0.299 1 - -
(-0.047)#

Total Phenol -0.120 -0.016 -0.159 0.675%* 0.293 0.423*  -0311 1 --
(-0.112)#

Lipid -0.133 0.339 0.201 0.065 0.062 0.07 -0.225 -0.125 1
(-0.147)#

** Correlation is significant at 1% and * Correlation is significant at 5%.
# Figures in parenthesis are correlation matrix analyzed for peak fruit damage and outside are correlation matrix analyzed for average fruit damage.
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sapota, Kirthibarthi (7.74%), CO-2 (9.97%) and
Singapore (11.24%) were found to be less infested by
seed borer compared to DHS-1 (36.16%) and DHS-2
(32.60%), which differs with present with current
results, but damage rangeis matching.

Seed borer damage under high-density plantations
was examined by Khambhu and Bisane (2015) revealed
that PKM-3, PKM-4, and CO-3 showed lower 1-2% fruit
infestation, while Kalipatti and Cricket Ball recorded the
highest fruit damage between 7 and 13% in November
and December. Another study by Bisane and Naik
(2016) found that, under normal spacing, seed borer
fruit loss was lower in PKM-5, DHS-1, PKM-2, Bhuripatti,
and PKM-1, ranging from 3 to 5%. In contrast, increased
fruit infection, ranging from 8 to 17%, was seen in
Kalipatti, Cricket Ball, and CO-2 during November-
December. In order to assess sapota for seed borer, Patel
(2020) examined the differences between
varieties/hybrids in normal and high-density
plantations. He showed that Kalipatti, DHS-2 and
Cricket Ball had more damage, ranging from 5 to 7%,
than PKM-4, PKM-3 and CO-3, which had infestations of
less than 3%. In December, Kalipatti and Cricket Ball
suffered the most fruit damage.

Looking to other locations for varietal
differences, PKM-1 (4.58%) and DSH-1 (9.79%) are the
least susceptible, and Kalipatti (18.76%) exhibited high
susceptibility against seed borer in Karnataka (Patil and
Kumari, 2023). In Tamil Nadu, PKM-1, PKM-2, PKM-1 and
Kalipatti were less susceptible and in DHS-1, DHS-2,
Kirthibarthi and PKM-4 were more vulnerable to seed
borer (AICRP Report,2019).

In morphological parameters, Kanade (2005) reported
that the diameter of infested fruits of different sapota
varieties did not play a significant role in pestinfestation
of the seed borer. While the bigger size of the seed in
varieties like DHS-1 and DHS-2 provides sufficient food
to the larva, which might be instinctively attracted to
the pest. This outcome has some similarity with the
present data. In another study, Karthik (2019) noted a
significant positive correlation between fruit surface
thickness and seed borer damage, but betweenTSS and
total sugar, there was a non-significant positive
correlation, which matches the presentoutcome.

Conclusion

According to the overall varietal evaluation data on
sapota, Kirthibarthi, DHS-2, CO-2 and Cricket ball were
equally vulnerable to seed borer with the commercial
variety Kalipatti. December and April were the critical
months for seed borer infestation. However, the

tolerance response to seed borer exhibited by Chala
collection-1, Chala collection-2, Chala collection-3,
Zumakhiya, CO-1, and CO-3 may be due to the escaped
nature brought on by the different peak harvesting
phases in each variety. Furthermore, no conclusive
connection was found between seed borer damage
and seed morphology, as well as eight biochemical
components. Additionally, one of the useful strategies
in upcoming breeding programs will be the adoption of
resistant or tolerant cultivars as parent hosts. According
to the study, future research should focus on
investigating the advanced biochemical properties or
attributes of sapota types to better understand their
resistance mechanisms against seed borer to maintain
the economicimpact ofincidence on sapota quality.
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