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Veariation in Fruit Characters between Normal- and
shrivelled-seed Lychee Varieties'

Chung-ruey Yen?

Abstract Variation of fruit characters within and among trees were studied in two
shrivelled-seed varieties of “Sah Keng” and “Kang Wei” and the most widely cultivated
normal-seed variety “Hak Ip”. Analysis of variance showed that the variation amonag
trees contributed more to the total variability than that within tree. Analysis also
indicated that the variation among locations was much greater than that of within and
among trees, in “Hak Ip” variety.

In general, fruit length, fruit diameter, fruit weight, shell weight, and aril weight
were not significantly different within tree. The protuberance of the shell, aril color,
percentage of shrivelled sceds and ratio of aril weighs in fruit were not significantly
different both within and among trees in most locations. The variation of soluble solids,
flavor and sced size were different depending on the varieties and locations.

The shrivelled seed of “Sah Keng”, "Kang Wei” and “Hak Ip” were 36%, 26%, and
0%, respectively. Eating quality of shrivelled-seed fruits were superior to normal-seed
fruits in smaller seed size and higher aril ratio. The fruit diameter, fruit Weight, and
shell weight were highly correlated to seed size in two shrivelled-seed varieties, but
not in normal-seed variety. The fruit size and fruit weight of normal-seed variety were
larger and heavier than shrivelled-seed fruit, however, the soluble solids was not signi-

ficantly different.

The lychez (Litchi chinensis, Sonn. ) is a subtropical evergreen tree and believed to
be indigenous to Southarn China whare it has bzen cultivated for thousands of years.
Thz cultivation now is extended to India, South Africa, Australia, Hawaii and Florida
of USA %', Due to variation and mutation of seedlings and buds, there are many
varieties of lyches in Southern China %', Groff (1921) listed 49 varieties of lychee
from the province of Kwangtung V. Huang (1966) described 18 important varieties in
Kwangtung and Kwangsi. He also listed the fruit characters of 14 varieties in Taiwan
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where the lychee has been cultivated for about 200 years ®.

The variation of fruits within tree is mainly affected by environmental factors.
Generally thz fruits harvested from sun-exposed outer zone of canopy were better than
from shadad inner parts in fruit quality and characters. Hwang (1966) resported that
the fruits harvested from the top and south of the tree were better than from the inside
in fruit weight, fruit color and aril weight in “Hak Ip” variety of lychee ®. Jackson et
al (1971) emphasize that the storage quality was also different within tree in apple, and
suggested picking and storing fruits from the exposed and shaded parts separately.
Significant difference in fruit quality and mineral composition in fruits were also reported
in citrus such as Valencia orange %!, grapefruit V', Matou Wentan ® and grape “*?.
Sampling technique was also developed to minimize the errors caused by different
positions within tres "%,

Shrivelled seeds (or small seeds, chicken tongue seeds) are the seeds that fail to
develop fully. It is one of the most preferable fruit characters of lychee »”. The rerce-
ntage of shrivelled sezds changed depending on the varieties, locations, trees, management
ands year ®. The “Groff” variety could reach €0% of chrivelled seeds in Hawaii ®¥.
“Yu Her Pao”, “No Mai Tze” and “Kwai Mi” were reported with higher percentage of
shrivelled sa=ds and excellant fruit quality in Taiwan ‘?. Due to poor pollination, the yield
of thesz variatias 'wars lbwar and unstablz as compare with “Hak Ip”. Accordingly only
limited amount of shrivellad-sezd varietiss ware planted for commercial purpose. As to“Hak
Ip” varisty, though fair in quality and rarely with shrivelled sezds, it is prominent for
its high and stabl: yield pzrformance. In recent years, two newly found varieties named
as “Sah Keng” and “Kang Wei” szparately, which might als> introduced from Southern
China, app=ar promising for thzir high yielding and high percentage of shrivellad szeds
® , Few reports ware madz on th2se two varieties, however. The purpose of this study
were to 1) understand the extent of variation of fruit characters within tres and
among trees and minimize thz sampling errors of further studies, 2) compare the fruit
characters between normal-ssad variety “Hak Ip” and shrivellad-seed varieties “Sah
Keng” and “Kang Wei”, 3) compare the fruit characters between normal-seed fruits and
shrivelled-ssed fruits within shrivelled-sead varieties, 4) understand the relationship
batwa2n s33d size and other fruit characters and the possibility of predicting the shriv-
elled seeds by fruit charactars.

MATERIALS AND METHODS

Two shrivelled-seed varieties “Sah Keng” and “Kang Wei” were harvested separa-
tely from Chuchi and Wufeng where they were found. The “Hak Ip” variety from the
same orchard was als> harvested to compare th: fruit characters between varieties.
Since “Hak Ip” is the most popular and prominent variety in Taiwan. The fruit from
other two locations were harvested to understand ths variation of fruit characters among

locations. The varicties, locations and date of harvest were listed as follows :
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Varieties Locations Datz of harvest
Sah Keng Chuchi, Chiayi June 15, 1982
Kang Wei Wufeng, Taichung July 4, 1982*
Hak Ip Chuchi, Chiayi June 15, 1982
Hak Ip Wufeng, Taichung June 27, 1982
Hak Ip Minhsiung, Chiayi June 21, 1982
Hak Ip Nantou, Nantou June 30, 1932

**Qah Keng” and “Hak Ip” almost matured at thz sam: time, “Kang Wei” matured
about one week later than “Hak Ip”.

Five tress about ten-years old were selacted randomly in each location. The crown
of each tree was devided into six sections according to directions and positions on the
tree, that is, east west, north, south, top and inner part. The fruits of 4 directions

(east, west, south and north) were harvested from outer portions of canopy (in 0.5
meter from surface of canopy toward inside).

The following fruit characters were measured : length of fruit (FL), diameter of
fruit (FD), weight of fruit (FW), shell color of fruit (FC), protuberances on the shell
(FS), weight of shell (SW), Solublz solids (SS), flavor (FLV), length of seed (SL),
diameter of seed (SD), percentage of shrivelled seed (RA) and ratio of aril weight in
whole fruit (A/W). The shell color was rated from 1-10, the fruit full of red color was
rated as 10 while that of light grean was rated as 1. The protuberahces on the shell was
scored from 1-5. More smooth shzll and with n> apparent protuberance was rated
higher, while prominent protuberances was rated lower. The color of aril was rated from
1-5. More transparent aril was scored higher, pale white was Ibwer. The flavor of fruit
was also scored from 1-5, more dalicious and sweeter fruit was higher, off-flavor and

acid fruit was rated as 1.

The data of fruit characters from each lacation was analyzad. After homogeneity
test of variance, th: “Hak Ip” varizty from four lbcations warz subjected to combined
analysis. The variation within tree, among tress and among locations and the correlation

coefficients betwean fruit characters were also computed.
RESULTS

Tha Variation of Fruit Characters within and among Trees
Th= variation of fruit characters within and among trees were presented in Table

1, In genaral most fruit characters weare not significantly different within tree, while the
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differences among trees were significant. The fruit length, fruit diameter, fruit weight,
shell weight and aril weight showed this txjend. The protubzrances on the shell, aril color,

percentage of shrivellad seeds and ratio of aril weight in fruit were not significantly
different both within and among trees in most locations. Only “Hak Ip” variety from
Minhsiung showed significant difference among trees on percentage of shrivelled seeds.

Apparently genetic difference existed among trezs in this orchard. Th2 soluble solids and
flavor were significantly different within and among trees in “Hak Ip” from Chuchi and
in “Kang Wei” variety, while the difference were not significant in other locations. The
solubla solids content of fruits harvested from outside of canopy were higher than from

insids (Table 2). Th= variation of fruit diameter was irregular and different from that
of soluble solids content.

Table 1. Test of significance of fruit characters within and among trees in three lychee

varieties.
.. Fruit Characters?3
Varieties! Source of e
Locations Variation df FL| FD FVV‘ FC| FS l SWAW AC l SS: FLV | SL ‘ SD ‘RA l A/W
| | ‘ | ! f \ | 1
SKX CC Within Tree 5 ¥ ns ns ns ns ns ns ns ns ns ns ns ns ns
Among Trees 4l bk dk E% g g ¥k FE g s ns ¥ % ng s
KW WF | Within Tree 5 ms ns rs ns ns rs ns IS * ¥ ns ns ns rs
Among Trees 4{ *¥ ns ns rs ¥ ns ns ns ¥ ng ¥ ns s
HI CC Within Tree 5 ns * ps *¥ ns ns ns ns F*F ¥ ns ns ns ns
Among Trees 4 % dx  Hk ok pg kk g ps ¥ * ¥k pg ns ns
HI WF Within Tree 5 ns ns ns ns ns ns- ns r£S ns ns ns ns ns ns
Among Trees 4] ek Fx ¥k pg pg ¥k kk g pg ns ns ns ns *
HI HH Within Tree 5| ns mns ¥ ns ns ns * nps ns ns ns ns ns ns
Among Trees 4 xRk kk x  pg ¥k kk k% pp ns Wk Rk ok pg
HI NT Within Tree 5 s ns ns rs ns nS ns ns s ns ns ns ns ns
Among Trees 4] kk ok sk okk o ¥k kk o skk bk pg ns ns ns ns ns
HI Within Tree 5 ns ns ns *¥* ns ns ns ns ns ns ns ns ns ns
Combined
Among Trees 4wk dk kk ¥ pg wk kk g pg ns ns ns k¥ ns
Among Locations 3 kk kk kk Rk kk k% bk bk Kk % k% Kk k% H%

1. Varieties : SK=Sah Keng, KW=Kang Wei, HI=Hak Ip.
Locations : CC=Chuchi, WF=Wufeng, MH=Minhsiung, NT=Nantou.

2. Description of fruit characters : see materials and methods.

3. ns : not significant, * ! significant at 0.05 level, ** : significant at 0.01 level,
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Table 2. The variation of soulble solids and fruit diameter of fruits from
d:fferent positions on the trees in three lychze varieties.

Varieties & Locations Hak Ip (Chuchi) |Hak Ip (Wufeng) [Sah Keng (Chuchi)/KangWei (Wufeng)
i

Soluble Solids
East 171 ab 18.0 164 186 a
West 163 b 18.2 15.8 177 be
South 1653 b 17.5 18.0 18.0 abc
North 172 ab 183 16.4 177 hbe
Top 179 a 17.8 15.9 184 ab
Inside 185 b 17.6 159 176 ¢

(ns) (ns)

Fruit Diameter
East 3.34 ab 3.40 3.44 3.33
West 337 a 3.41 3.41 3.34
South 3.31 ab 3.45 3.33 3.33
North | 3.23 abe 3.40 3.34 3.33
Top 3.23 be 3.43 3.20 3.38
Insid: : 320 ¢ 3.43 3.28 3.42

| (ns) (rs) (ns)

* Mean within column followed by the same letter are not significantly different at 5% level.

Estimates of variance components indicated that variation among trees contributed

more to the total variability than within trez=. In combined analysis of four lbcation of

“Hak Ip” showed variation among locations was much higher than among trees and

within tree. The fruits from Wufeng gave the highest value on all fruit characters in

four locations (Table 3).

Table 8. The variation of fruit characters of “Hak Ip” lychee at four locations.

Locations | Fruit | Fruit | Fruit | Shel ' Aril | Soluble | Seed | Ratio of Aril
Length liameter Weight | Weight ! Weight ! Solids Length m}eru}il:)le
Wufeng 3.46 a 342 a 227 a 3.5 ab 167 a 179 a 197 b 073 a
Nantou 337 b 332 b 208 b 36 a 145 b 174 b 2.03 ab 0.69 b
Chuchi 3.41 ab 323 b 129 ¢ 3.4 be 13.9bc 169 ¢ 2.04 a 069 b
Minhsiung 338 b 320 ¢ 192 ¢ 32 ¢ 135 ¢ 170 ¢ 190 ¢ 070 b

* Mean within column followed by the same letter are not significantly different at 59 level.

Comparison between Normal-seed Variety “Hak Ip” and Shrivelled sesd Varieties

“Sah Keng” and “Kang Wei”.

Comparison between “Sah Keng” and “Hak Ip” varietiss were shown in Tablz 4.
With the exception of fruit color and aril weight, other characters were significantly
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different between varieties. The percentage of shrivelled seeds of “Sah Keng” reached
36% in comparison to 0% of “Hak Ip”. Tha “Sak Keng” variety was also superior on
fruit size, fruit weight, and aril weight. The protuberances on the shell of “Sah "Keng”
was more prominent than that of “Hap Ip”, whilz thz aril color was not so transparent
as the ‘Hak Ip. The ratio of aril weight is not significantly different bastween thesz
two varieties. Though the soluble solids and flavor of “Sah Keng” was lower than the
“Hak Ip”, however it was not dztected easily by tasting. The mean of seed size of Sah
Keng was smaller than that of Hak Ip.

The fruit size, fruit weight and aril weight of “Kang Wei” were smaller than “Hak

Ip” variety (Table 4). The shrivellad seads of “Kang Wei” was 26%, higher than “Hak
Ip”. The rank of protuberances on shzll of fruit was significantly different between
varieties, however it could not be distinguished on the basis of fruit appearance. Ths
soluble solids content, flavor and aril weight ratio were not significantly diffarent
between “Kang Wei” and “Hak Ip” varieties.

Table 4. Comparison of fruit characters between normal-seed variety “Hak Ip” and

shrivelled-seed varieties “Kang Wei” and “Sah Keng” in lychee.

’ Fruit ‘ Characters*

Varieties ‘ ] A‘ T { |
’FL FD | FW FS!SW;AW{AC SS%FLV SL SDEA/W RA
Szsh Keng ] 360 336 212 35 42 14.9} 37 181 34 lg 11 070 26
Hap Ip 341 3.2¢ 129 39 3. 13.93 41 189 36 20 13 069 0
1LSD 59, 0.05 0.6 10 O.lli 015 C.8j 01 G4 012 0.1 01 0.01 8
19 007 Q08 13 0.15} 020 10 01 0.5; 61s Gy ol 001 11

1

Karg Wei 3.25) 3.36 213 45 i 3.6 15.9 41 180 42 1.7 L1 Q78 25
Hek Ip 3.46) 342 227 44 ‘ 351 187 44 179 43 20 L3 074 0
LSD 59, 003 CO04 07 0.07§ Gis 03 01 03 011 01 01 oct 6
19, 0.6/ 0.05 0.9 0.09; G21 0.7, 0.1 0.4 0.15;‘ O.l‘ 01 001 8

*Description of fruit characters : see materials and methods.

Comparison between Normal-seed and Shrivelled-seed Fruits within Shrivelled-seed
Varieties “Sah Keng” and “Kang Wei”

After fruit characters were measured, the data of shrivellzd seed varieties were
desvided into two sets according to the seed size. The seed length and diamster above
1.5 and 1.0cm were assigned as normal szed, the seed length and diameter smaller than
1.5 and 1.0cm were shrivelled sesds. Thz fruit characters between normal- and shrivelled-
seed fruits wers compared and the correlation coefficients were estimated in two varieties
separately. The results were shown in Table 5 and Table 6. The fruit length, fruit
diameters, fruit weight and shell weight of shrivelled-seed fruits were smaller than
normal-seed fruits in both varieties. The ratio of aril weight in shrivelled-seed fruit was
higher than normal-seed fruit. Evidently, it was affected by se2d siza. Thz soluble solids
and flavor were not significantly different between shrivellzed- and normal-seed fruits.
Both shrivelled seed varieties showed the same results in comparing the fruit characters
between normal- and shrivelled-seed fruits,
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Table 5. Comparison of fruit characters between fruit with normal and shrivelled sced
withia variety in lychee.
Fruit Characters®
Variety ced Size -
rL | D | FW[SW | AW | ss [FLV] A/W
Sah Keng Normal 3.67 346 228 45 184 161 33 0.63
Shrivelied £ 33) 317 182 36 136 187 33 073
LSD 5% 012 012 1.0 0.1 1.2 05 03 0.03
19, ¢ 021 0.20 1.7 Q.2 1.9 08 04 C.03
Karg Wei Normal ’ 323 341 221 3.7 182 180 4.2 0.73
Shrivelled 321 328 197 33 187 181 42 0.80
LgD 39 002 007 13 0.3 0.8 02 01 C.02
19 0.04 C11 2.2 0.3 1.4 03 02 0.03

*Description of fruit charactrse : see materials and methods.

Since seed size was composed of seed length and se=d diameter, these two characters

were used in calculating the correlation coefficients with other fruit characters. The
seed length and seed diameter weare positively correlated with fruit diameter, fruit weight

and shall weight in both shrivellad se2d varieties. Ths correlation betwezn seed size and
aril weight, solublz solids content and flavor ware not significant (Table 6). Thz ratio
of aril weight in fruit was negatively correlated with szed size. The correlation coeffici-

ents between sead sizz and other fruit characters were low or nonsignificant in normal-
seed variety “Hak Ip”.

Table 6. The correlation coefficients between seed size and fruit characters
in three lychee varieties.

Fruit Szh Keng Variety Kang Wei Variety Hak Ip Variety
Characters Seed Szed Seed Seed Seed Seed
Length Diameter Length Diameter Length Diameter
Fruit Length 0.42 rs 0.47 ns 0.46 ns 0.43 ns 0.18 ns 0.05 ns
Fruit Diameter 0.68 * 0.70 * 0.90 ** 0.94 ** 016 ns 0.23 *
Fruit Weight .77 ** Q.79 ** 0.87 *x* (.83 ** 017 rs 0:27 ki
Shell Weight 073 * 0.77 ** (.83 0.82 ** 012 ns 011 rs
Aril Weight 0.32 ns 053 ns 0.44 ns 0.42 ns 0.02 ns 0.13 rs
Soluble Solids 0.40 ns 0.47 ns 0.10 ns 004 ns | — 004 rs 0.19 *
|
Flavor Score 0.60 ns 0.59 rs 0.15 ns 0.13 ns — 023 * 0.06 ns
Ratio of Aril — 089 #¥* —~ (092 ** — (.96 ¥* — (.96 ** — (036 ** — 028 **
Wt. in Fruit

ns : not significant.

* :significant at 39

level.

#k | significant at 194 level.
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The variation within trez was not so large as among trees in most fruit characters.
Estimates of variance components indicated that variation among trees contributed more
to the total variability than within tres. Becauss of larger variability among trees,
sampling more treas and less samplas within a tres will gain an estimate of desired
accuracy. Thz solublz solids contents is postulated as the synonym of quality in lyches.
Highar valuz of sclublz sslids was obtained wha=n th= fruits harvestad from outer portion
of canopy whare most of lychzz fruits were producasd. Avoiding to pick tha fruits from
inner parts will reducz th2 errors of sampling. Li e al studied thz variation of fruits
in Matou Weantan and tankan also found that th= variancz components among tress and
among orchards were larger than within trez »®. The variance component within tre=
were not over 10% of total variability in all fruit characters measured in Matou
\Venfan ® _ Through thz calculati>a of varianca components within tres and among tree,
th= repeatability of Matou wantan and tankan ware estimated. It provides some genetic
information of fruit characters wh2n th: hzritability could not bz obtained “*. Since
thare was no report on thz genetic behaviors of fruit characters of lychz22, study of
rzpzaatability bas=d on variancaz components within and among trezs would bz valuable.

Th2 variation within trea could bz classified into twa group : First, the soluble solids
content and fruit color changad with ths different positions cn th2 trea. Thz fruits from
outer portion of canopy tend to have a higher value than that from inside. Szcondly,
the fruit size, fruit weight, aril weight and s22d sizz ware less affected by different
positions. This result was different from Huang's reports. Huang found that thz fruits
from south direction were larger and h=avier in sizz and weight than thisz from the
othar directions, but th2 s>luble solids from s>uth and top wearzs lower than thoyse from
inside ®. The sampling meth>d may explain thz different results. In this experiment,
thz fruits of four directions (east, wast, so>uth and north) ware harvested from outer
postion of canopy, but not from inner parts. Orangss from southarn top canopy sactors
alsa tend to have highar coacentration of soluble solids and juice content than from other
s2ctors 1. Jackson found the apple fruits from th: outer zones of the trez were larger,
batter colored and shrivallad and app2ared t> bz more matured in terms of ground color
than fruits from thz innzr zones. After storage the fruits from th= outer zone developed
significantly less core flush, higher incidence of bitter pit and rotting than fruits from
the inner zonss ®. Thz differences between positions within trez were also reported
in grapefruit ‘'*, Matou Wentan ‘® and grape “2. _

Tha “Hak Ip” is a variasty with normal s2eds. Th> difference of sez2d size among
treas were not significant. Huang reported only 1.79% of shrivelled seeds was obtained
in natural condition ®. However, 100% of shrivelled sezds could bz gained in bagging
and without artificial pollination . In this study, the percentage of shrivelled seeds in
3 locations ware z2ro, while from Minhsiung, two plants with 25% and 50% of shrivelled
s22ds rapactively ware racordad in natural condition. It indicated, apparently, that genetic
diffzrancss exist among trezs in this orchard.Th= percentage of shrivelled seeds were different
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by varisties, years, management and locations ®’. This study showed that thz differences
within and among tre2s ware not significant in th2 sama location in shrivelled varisties
“Sah Keng” and “Kang Wei”. It is unknown howeaver that to what extent will ba affected
by different Iocations and years.

Comparison of “Hak Ip” variety from four locations showed the fruits from Wufeng
ranked the highast valuz in all characters measured. It may be due to th= effect of both
ganatic and environmental factors. Further study should be carried out to completely
undearstand and explain which factor contributed more to the differences of fruit chara-
cters among locations.

Thz “Sah Keng” and “Kang Wei” varieties were apt to producz higher percentage
of shrivelled seeds. Huang reported that thz shrivelled seads of “Yu Her Pao”, “No Mai
Tze” and “Kwai Mi” were 31.43%, 26% and 35.85%, respectively ®. He also explained
due to the rearing of baes, th= shrivelled s2ads of “Sah Keng” were reducad from 57.56%
to 36.6% ©, th= result is closz coincidz to this experiment whare th2 shrivelled seads of
“Sah Keng” and “Kang Wei” were 36% and 26%, respectively. Rearing the bees in thz
orchards may explain thz lowar value of shrivellad seeds, but thay were still closz to the
“Yu Her Pao”, “No Mai Tzz2"” and “Kwai Mi” ®’. The quality in terms of soluble solids
of thesz two varicsties were similar or approximate to “Hak Ip” variety. The yield of two
shrivelled seed varisties were approximate to “Hak Ip”*®, but were higher and more
stable than other shrivelled seed varieties such as “Yu Her Pao”, “No Mai Tze” and
“Kwai Mi”. Thz maturity time of “Sah Keng” is th2 same as “Hak Ip”, while the “Kang
Wei” is about one week later than “Hak Ip”. Thz different maturity time of two shriv-
elled s=ed varieties will extend ths lycheze supply in Taiwan where thz lychze market
was limited in two months for its short postharvest life . The “"Sah Keng” and “Kang
Wei” would appear promising for highar parcentage of shrivelled seeds and more stable
yielding than oth>r shrivellad sz2d varieties.

Th= consumszr prefer shrivelled-seed fruits. Huang reported that the fruits with
shrivelled seads are better in quality than normal-seed fruits. To compare whether there
are any difference between normal- and shrivelled-seed fruits, the fruits were devided
into two sets depending on the seed size as described above. The shrivelled-seed fruits
were smaller and lighter in fruit size and weight, but no difference in soluble solids
content. It is evident that the quality between normal- and shrivelled-seed fruits were
similar within variety. The shrivelled-seed fruits were superior for their smaller seed size,
higher aril ratio and separate thz seed and aril easily, but not for better quality. Impr-
ovement of quality could only be effectively obtained by breeding methods.

It is difficult to predict the shrivelled seeds from outer characters of fruits. The
calculation of correlation coefficients between seed size and other fruit characters may
provide valuable informations for predicting the shrivelled seed from outer characters of
fruits. The seed size were highly correlated to fruit diameter, fruit weight and shell
weight in two shrivelled-seed varieties. The fruit diameter and fruit weight could be
measured without breaking the fruits. They would be useful index to predict the shrivelled
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seed. This results confirm Huang’s report and farmers’ experience . However, the
correlation cozfficients of “Hak Ip”variety were low and not significant showed the fruit
characters were less affected by seed size in normal-seed variety.
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