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1.1 REMRIRIR GRS EGR {8
BHE U 5 R ENIES LR MR —
5o I AR I M A TR A T R XK
LA ¥ %5 /N (18°36'N, 109°05 'E) 4F - 1 < i
26.1 C, FEFEHFEKE 1 415 mm, 465 2 X
2.9 m-s, 4E H I 2 434 h, ¥4k 28 m, SRR R
+, IR TR pH 5.69, A LT 0.42%, Bl
fi% 2 39.21 mg-kg ™', AR 66.78 mgk g, MK
B 63.74 mg-kg, 3¢ e P45 28.74 mg-kg !, 3¢ e
PEEE 58.28 mg-kg', A AT 0.15 mg-kg ', A R EE
1.68 mg-kg !, AW 0.3 mg-kg'. FRATHE R 5 m x
6 m, W% 4 47, it B 5 X A — 1Rk e it
FERRRE 1 AR AE 550000 A AW A HLIE 2 60 kg,
15-15-15 AR 3.50 ke, HREREIZ 0.75 kg, K
JCEKIENE 12-6-40+TE £ 0.15 kg
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] Ry AR AR ) 5—T7 H, & 25 R A I [R] K 43 4F
12 A ZBAE3 H ., H, REERKEFH#HFT20
WPR S, SRR . TV NS4S PN AE 0T T
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BN, AT 2E AN, BT AP AE b B SR (R
BTG 40 d. ZFRA6)E 50 d) TR IR
1.3 MEEREFZE FHRRE THiE(g):
0.01 43 A K5 A% (mm): Wi bs R R SR AIHS
B YRR IR (grom ™) BLAL 6 T /20
AR, ATE MRS (%) S 08 NY/T 2742-2015 Hisk
SR T ) i T A P A I S BT IR IR (mgg )
%18 GB 5009.86—2016, 3% Ffl 2, 6- G #t Wik &

U AEEEIE Y (%) 5 B8 NY/T2637—2014
KR NGRS ] VP 9 2 i D —— 3 Y
109 MR (%): 88 GB 12456—2021 % H R B8
RE LRV R LU TV YRR LR (5108 L. mT ik
TEM R

1.4 HIBEBHH  KHH Excel 2010, SPSS Statistics
27.0 K origin 2022 B i# 17 48 it 43 B B HE K&
N
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21 RIXHERERTRENTUL WE 1-A,
B 7R, ‘P RE— 5 355 5 2R 11 s R T iy
1.20 ~ 121.53 g, AEJ5 10 ~ 20 d B S ff Jo H W A5 14
AR 3, A5 30 d FF4f, B i i in de 2%
(& 1. 2), 4£J5 30 ~ 40 d S iEA 20648, HAEE)S
60 d FUR G BT R IR R IR (121.53 g) o &FATHY
PASEEE A 1.25 ~ 153.09 g, 1E)5 10 ~ 30 d HIR
FE R IMA LR (K 1. 3), 48)5 30 ~ 80 d 34 i 3%,
B e B bR B B M AR S 40 ~ 50 d, HAEAE)S 80 d
RBIRK(153.09 ). B A PHRRETEYS
fif i AR AL L, B AR T RS 5N
022 ~ 11.14, 0.24 ~ 14.45 g, i 5 A 39943 5]
JAESG 30 ~ 40, 40 ~ 50 d, HAHIAEAE)S 60 . 80 d
TREIARIR K. GREY, ME—5 %5 PR
fief o i o M AT 8 AR K (2= REfS 10 ~20d.
KBRAEIE 10~ 40 d) ., P K (2 B3
fEJ5 20~ 50 d, ZXZFERALG 40~ 70 d) . J5 IR
AWK (B ZRIE)G 50~ 60 d, &4 )5
70 ~ 80 d)3 - FEEFEL .

22 RILEYZREEBHHTH Wk 1,
2N, HZRBEIRALE 12,54~ 59.73 mm, £ )5
10 ~ 20 d H4MAS .35, FEJ5 20 d 145 8351, 18
J& 20~ 30 d B iR e K. A FERBAAE 1192~
78.83 mm, f£J5 10 ~ 80 d P3¢ hn 8.3, 1EJ5 30 ~
40 d iR K . HERYPRTE 17.47 ~ 67.27 mm,
1EJ5 10 ~ 40 d $4 0 8.3, JeEe i g . 4B R
SEARAE 16.11 ~ 93.45 mm, fEJ5 10 ~ 80 d H i3
B, HAEFE)S 30 d JFaR S AR IR ikt dh . 45
REW, & HERTAERTHFE—EER, EER
AR S B o et PR K 430 AR JE 20 ~ 40,
30 ~ 50 d, &R 55048 30 ~ 60, 40 ~ 70 d, B
PR R RS I LT AR o o
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Fig.1 Average fresh weight (A) and dry weight (B) of wax apple fruit in winter and summer
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Note: Different lowercase letters on the same curve indicate significant differences. The same applies below.
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#iE10d - fEJF20d - fEE30d 0 - 1eJF40d - {bf550d - fEfre0d
10 d after flower 20 d after flower 30 d after flower 40 d after flower 50 d after flower 60 d after flower

B2 BEFREKEAFDIEE

Fig.2 Dynamic changes of fruit growth and development of wax apple in summer

Ty

{EfE10d =~ f6/520d ~ f£/530d > fE/540d —~ {B/550d  —~ fEf560d —~ fE/570d > fEf580d
10 d after 20 d after 30 d after 40 d after 50 d after 60 d after 70 d after 80 d after
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B3 EZFREREZEITE

Fig.3 dynamic changes of fruit growth and development of wax apple in winter
x1 BEFEREYZMRBEL

Tab. 1 Fruit transverse diameter and fruit shape index of wax apple in summer

AEJe At al/d H/mm HYA/mm RILFEE
Days after flowering/d Transverse diameter/mm Longitudinal diameter/mm Fruit shape index
10 12.54+0.24° 17.47+0.83¢ 1.39+0.05*
20 15.44+0.78° 22.66+1.07° 1.47£0.03*
30 29.24+1.66" 36.21+1.15° 1.24+0.08°
40 48.59+0.68° 55.15£1.27° 1.1440.04"
50 54.77+2.66° 63.7442.11° 1.16+0.11%
60 59.734+4.62° 66.27+3.16" 1.11£0.02°

0 ANFVNG FEEFRLE0.05/K FE R B, F2[FH.

Note: different lowercase letters indicate significant difference at 0.05 level. Table 2 is the same.
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x2 EFREYRMREEL

Tab. 2 Fruit diameter and fruit shape index of wax apple in winter

A6 Ja mE)/d Fif%/mm 12/ mm US| 2L
Days after flowering/d Transverse diameter/mm Longitudinal diameter/mm Fruit shape index
10 11.92+0.14" 16.11+0.88" 1.35+0.07°
20 14.99+0.17¢ 20.86+0.77¢ 1.39+0.03"
30 17.34+1.05° 26.58+0.86" 1.54+0.04
40 33.86+1.41° 41.3840.69° 1.22+0.02¢
50 42.30+0.83¢ 60.13+1.86* 1.42+0.06°
60 61.24+1.08° 68.39+1.44° 1.12+0.05
70 69.38+1.50° 75.84+2.10° 1.09+0.01°
80 78.38+0.91° 93.45+0.62° 1.19+0.01¢
HERILIEH N 111~ 147, f£)5 20~30d  HIBIR,

B0 2, AR B AR . A SRR
TEEUAMAR R e S LUR Bk H, B BRI E AR e
MEFRBIEEE, RGEH I REHNEE .
RICFR e R AL IS 20 d, /N e S
60 d. &ZRILIREAE 1.09 ~ 1.54, 4£)5 10~30d
R, fEJE 30 d IR BNEE 1 RIE(H, S 1.54, 1E
J& 30 ~ 50 d RN 3 BEARS T, TR s B
55 2 WRIE(H, b 1.42, SIEF8 BURAR T R 1E S5
70 d, SIHH N SRIEAEECR AR R NS B S AR kit
B GERERM, & BEERTART SR HAE
TREIIFAE N 8, HA RV B E %

A 036 —— F Z=H.Summer fruit
0.34} T A Z W Winter fruit
032+
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0.26}
0.24}
50221
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0.16

W% Total acid/%

40 50 60 70 80
1EJA Bl Days after flowering/d

23 RILBEEB. TEAMERENTL WE 4-A,
B iR, HZRALIG 40 ~ 60 d MR & & M ikAs L
BRI, X FRAET 50 ~ 80 d B & i N
W, b5 80 M =i, BEREE
40 ~ 60 d AT VM BE S B S R 3, BAFAE
WEZES, AT 60 d AIFMERE & AR (E, &
FIRTE T 50 ~ 80 d MI MR B Y HG I g 2, B
RSN G %%, HAEAL)G 80 d ik 2|04
B Z5REW, & AR TR AR E IR
A — 5, BT AR
BN, & BT AR LA

o9
ENV - RN

w
T

[\

4 e 7 HSummer fruit
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T PERESoluble sugar/%
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T
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ALJ5 ] Days after flowering/d

B4 Z FFERIBEB(A)RWREHEB)

Fig. 4 Total acid (A) and soluble sugar (B) of wax apple fruit in winter and summer

24 RIWAMERY. mTFMEMHZL
& 5-A, B i, BRI 40 ~ 60 d AT EE
Y&l 5.82% ~ 11.13%, Bk 5 25 5 1 a3,
TEAEIG 60 d iR ik, HLIG KSR IELAR M 45, ¥I7E

38% fidv; A Z WAL IS 50 ~ 80 d A A PEEIE W &
TN 7.38% ~ 11.97%, 5 5 2 20 5 R H, i) 1] ] 154
&394 10.43%. 29.07%. 13.78%, FHHE Z= 0]
VPR 1 0 38R 8P, T 44 2 2R m] I e ]
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TSI AR IR SR R ARG, 2
Z BN IMAR & 0 0.01 ~ 0.07 mg-g !, 21 ik
B RAH, FEAE)T 50 ~ 60 d B R A 2R A, i A
KR EH MG R Z2FRAEE 50~80d
PUIR LR & 4 0.08 ~ 0.13 mg-g ™, H.3 N i %,

A 12, a
R
E 11+
210t
L
2 9t
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] 8
PONY
= 7t ‘
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= sl
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Es

TEAEST 60 ~ 70 d 34 WA B B, s 30 ] 39 4 e o
IR BOPRR . A2RERM, & AR PRI &
T SRR AT A —E 22 57, R A PUIR LR
A, e I R, & R A PUIR IR
PR

~ 12—~ F R Summer fruit
oo 11 | —=— 2 Z= - Winter fruit

HUIR IR Ascorbic acid/(mg-
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Z . BEZRAFEERY(A) RIUFMER(B)

Fig. 5 Soluble solids(A) and ascorbic acid(B) of wax apple fruit in winter and summer
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& 6
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2 75 L T 2 b 14 0 e Y B3 990 A 40 ~ 50
60 ~ 70 d, HAr5I7E 465 60 d(48.80) . 80 d(66.93)
INBIR K. SRR, B L0 LS R L
AT — 3, (BHERR LL . [BIR LU AR K 2
S, L BRURRR LL . B Ly TR R

B 70 -
—e— H Z=H Summer fruit a
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IFil 2
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Fig. 6 Sugar-acid ratio (A) and solids-acid ratio (B) of wax apple fruit in winter and summer
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*3 L BEFRBAHARR
Tab. 3 Fruit ripening quality in winter and summer
i BHEAR Quality index B Z 5 Suymmer fruit £ Z= L Winter fruit P{Y P-value

1§42 Transverse diameter/mm 59.73+4.62 78.38+0.91 0.00%*
#\1% Longitudinal diameter/mm 66.27+3.16 93.45+0.62 0.00**
FIELAREL Fruit shape index 1.1120.02 1.19+0.01 0.00**
S B bk Average fruit fresh weight/g 121.54+0.72 153.09+1.25 0.00%*
SR iR Average fruit dry weight/g 11.14+0.48 14.4440.15 0.00%*
JAH2 Total acid/% 0.24+0.02 0.1840.01 0.04*
T[S Soluble sugar/% 6.29+0.91 6.34+0.19 0.94
T PEE Y& 18 Soluble solid content/% 11.1340.88 11.97+0.20 0.22
PURIMAL Ascorbic acid/(mg-g™) 0.070+0.001 0.130+0.001 0.00%*
WERZ LY. Sugar-acid ratio 27.9542.77 35.4242.15 0.00%*
PR L Solids-acid ratio 49.57+1.26 66.92+3.94 0.00%*
W density/(g-em™) 0.89+0.01 0.90+0.01 0.10

PR E RN B E (P<0.01), *FKR 272 B (P<0.05),

Note: ** means very significant difference (P<0.01); * means significant difference (P<0.05).

WS HARYE . WL H 2 6 IR 12 458
FRAEARIEAT TR 00T, 45 N 4 s, B E(E
KF 1V ERSA 24, Hp s 14 B8R FEE
5 9.62, J7 Z5THkHR N 80.15%, 5 2 A F 41

FRAEAE R 1.16, 7 22 5Tk 9.69%, 2 4~ F L7
ZIT TRk F] 89.84%, A& T 12 NS FFEFRAE
T 90% 115 8., I AT DL 2 A4S 1N
YEZ RS RSB TEM IR AR

x4 ERSHIEE

Tab. 4 Eigenvalues of principal components

F o FHIE(H TR/ % ST/ %
Principal component Eigenvalue Contribution rate/% Cumulative contribution rate/%
1 9.62 80.15 80.15
2 1.16 9.69 89.84
M1 5 T BB Ml A, 20 1A HERR LAY B A 20000 0.98. 0.97. 097, 0.92, 25

Gy EEWZ W T PR MR B T
i ST R, [EIR L SRR AR, AT RS SRR ST
WYEEE Y, 2005 43908 0.99. 0.99. 0.99. 0.99.
0.98. 0.97. 0.97. 0.87. —0.82. 0.62, [ T MBI
W AR AN, AR IEmMER. 5214
F A AR R R B, oy 0.74
R 1 T 22 DTk (3R 4) Je 45 T dR Ak
far (& S)PTH0, ERAT 1 A9 2 FTERR B T 80%,
RERT 80% LA AR S B B, v LIAE P
R EESHER, Kb, PUIA AR . #H
R Y R 0.99, ff i | [E1HR L . SRIEFEE

M) SR SI2 ot 9 T2 R

MRIGFE 5 T T eor 1500 R BUE R,
PREAL S B S BT AE AR, AT LA 2 A A
AR5, 2 ERr R TR A AR

Y1=0.321x,+0.321x,+0.320x3+0.320x,4+0.318x5+
0.314x4+0.313x7+0.300xg+0.281x9—0.267x,41+0.202
x11170.101x15,

Y,=0.019x,—0.015x,—0.065x3—0.046x,—0.089x5+
0.035x5—0.150x7—0.175x¢+0.326x41+0.379x,,+0.454
x111+0.689x1,,

Horfr oy ~ xpp 0 WIS ERR . VA YERE . AR
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Tab. 5 Load matrix of quality index

i Quality

FE 451 Principal component 1

F 432 Principal component 2

PLIRIMLER Ascorbic acid

1812 Transverse diameter
PR R Single fruit dry weight
Z\#% Longitudinal diameter

P L EE i Fresh weight of single fruit
[% 72 Lt Solids-acid ratio

HIEFEEX Fruit shape index

BHIR Lt Sugar-acid ratio

AT M Soluble sugar

SR Total acid

AP RETEY) Soluble solids

¥ density

0.99 0.02
0.99 —-0.01
0.99 —-0.07
0.99 —0.05
0.98 —-0.09
0.97 0.038
0.97 —0.16
0.92 —0.18
0.87 0.35
—0.82 0.40
0.62 0.49
0.31 0.74

PEEDE Y . SUIR MR . BERR L . R L . RIE 48
BOUREET A MR YR IR TR B
12 A B EUERREIL IS BIHE R, Y, Ys 4351k 2K
A3 1.2 B934, B LA RS 1. 2 BYRRIEAE R LA
FRIEAE SRR AR, A 6 (A i I 256 i I3
1553 PR, 3R
Y =0.89Y,+0.11Y5,
KA, YN 6 (REEFFEM 12 SRR 2R 515
oy, IELEA A BB 6 A& B4 2 4
F TR B JE SR B MO HES o 4RG
1o, ARG IR Lr . 1345 RNk 6
Jin, FohHELE AT 3 O iR A 2, B0 5
FERIAR . G5 AER W, 52 R RE— 5 S R
6 X EFHAHEERIIRSBIE

Tab. 6 Main component score table of wax apple fruit in
winter and summer

y, Y, v Eé/@é% . %ﬂf%
Summer/Winter fruit Ranking
-331 095 -2.85 HZFRSummer fruit 6
273 -146 -2.55 K ZFRSummer fruit 5
238 056 -2.06 HZFRSummer fruit 4
246 -129 206 ZZFRWinter fruit 3
265 068 244 ZZFRWinter fruit 2
330 057 3.01 ZZFRWinter fruit 1

Jot B B T O BT R | B | B
[ LL . BEIR L BORIE R 5, BA T RERG b TP
WILTFREFR

3 3 #

31 RELAEMHPAEKEZETHFME R RELAR
B 0 A R, SR SR S A B R & 48 bR 3h
AR AR IR X ) R B2 A B AR B R, £ T
o A EE TS T8 . AT R e —
SOME R B AR RS RUE A, BRI
ZEARKM(EZRIEE 10~30d, X815
10~ 40 d). "PHAP AR KA (LA )5 30 ~
50 d, &Z=HALNG 40 ~ 70 d) . J50R AT 2R 48 10 K0
(RZER)G 50~60d, £ZHHE 70~80d), 5
SR REREUS | PR RO A R R, 5
I ks g 25 O S B 2 S 5 SR S A A 9 4 SR AR AL,
ABRGEAE IR F X T AR IR R AR
AR, HA B AU BRI 22 50, B RS AL
B, FES T P K R R e
Fo b Y BB SR 30, FL i TS RS A B
JEVAR e, PRI, o SR S R A R I iy B b
S hnam A A B, A OR e 2 B SR AN, DA
RAAERET RN, & BERLE
AT AR e I RS AR T R AR AL, T Y]
B ER R 25, nTRe S & R KRR K
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AR, XHWEISFEWB MM, 5KF
S22 o AN [) 2 3 8 SR S A ST AR S, R BOR
Ivi] 14 5 DR ] i85 AN )l DX 353 DR 25 AR 355 A B )
ANFEIABAFIE R L R B RFEA K. FERE
— MR R TIE RS B T H A SR, a0 Rt
B, SRR RN, B B R LT
PR FIEFE B AR 0 3 22 5%, M ORMF o8 R, SR
LY | AR AR EUE T2 3 R 3[R 45
AR, anAe B 4 355 S ST e A7 7EAH
32 REAREHGBREFME RS TR KR
B E T RS A KU T, e SR R

M) SR S i ) B R R P R[] Ao 40 AR
W IE AT RN, 4. B2 i R S R
AR, S5OTBEER Bt AR W 2
i), HAZ R M BREE R, 5000 58 07 Xt
AN T) 45 95 85 50 51 5 o AR A R v B I SN TR
SHOR IR T 65 AR RVEY) AR 25
Ko B RIC R S BRSPS 25 o 4
T RV 22 70 SR ) B i I 2 — 2, G )| G
PR 25 R — 504 L E R B e
WA AR R et e, 5 kO 5D A5 AT i
WEASALRLE AL, PP B R AR Ak 34 5 mT s
PEWE A2, B e R I, 5 R I AR (AT
FEARL, B e RE— 5 SRS T PE R 5
R 11% ~ 12%, HEASHR & T 8175 1 5502 XA [ 34
55 R AT R 7 RS RS AT DR
T, X FE—E R UL R J S XUk
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Growth and quality formation of the fruit of

wax apple ‘Nanlu No. 1’

XU Danyong'”, WANG Yuanming', LIN Sihong', WANG Yuyang', LI Huadong’,

XING Jun’, MA Yalong®, LIN Dian"
(1. School of Tropical Agriculture and Forestry, Hainan University, Haikou, Hainan 570228,China; 2. Sinochem (Hainan) AgroEcology Co., LTD., Sanya,

Hainan 572000, China; 3. Sanya Nanlu Industrial Co., LTD., Sanya, Hainan 572000, China)

Abstract: Four-year-old trees of wax apple 'Nanlu No.l' (Syzygium samarangense (Bl.) Merr. et Perry) of
similar growth vigor located in Yazhou District, Sanya City, Hainan Province were selected to observe the fruit
growth and development and determine their fruit quality to elucidate the fruit growth development and quality
formation patterns A comprehensive two-year tracking experiment was conducted from 2022 to 2024, starting
from 10 days after flowering to the maturity of the fruit in both summer and winter seasons. Dynamic changes
in fruit size and flesh quality indicators were systematically observed and evaluated. Results indicated
significant differences in external quality indicators, such as fruit size and shape index from 10 days after
flowering to maturity and in internal quality indicators from the fruit expansion stage to maturity. Single fruit
weight and the contents of soluble sugar, ascorbic acid and soluble solids all showed a significant increasing
trend. In contrast, total acid content and fruit shape index exhibited a less pronounced trend. Notable
differences were observed in fruit quality indicators at maturity in different seasons, with the winter fruits
scoring higher in principal component analysis compared to the summer fruits. The critical growth and
development periods were identified as 30—70 days after flowering for the summer fruits and 20—50 days after
flowering for the winter fruits. The critical quality formation periods were 60—80 days and 50—60 days after
flowering for the winter and summer fruits, respectively. The optimal harvesting time was approximately 80
days after flowering for the winter fruits and 60 days after flowering for the summer fruits, at which time the
overall indicators of the contents of soluble sugars, soluble solids and ascorbic acid, and sugar-acid ratio were
the best. The primary factors influencing fruit quality at maturity included ascorbic acid content, transverse and
longitudinal diameter, fresh weight, solids-acid ratio, sugar-acid ratio, and fruit shape index, with the winter
fruits demonstrating superior overall quality over the summer fruits.

Keywords: wax apple; 'Nanlu No.1'; quality; principal component analysis
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