OB 2% R 2023,40C11): 2403-2412

Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20230024

(e R R IR BT R SR RERHRS mBR AR
BT R BE S Al 3 B SR R

CHTAA LM RFEB 20 AT HUN 3100215 2T SRL6 %, Bt 3112315
SWHLAA A ZINZBE, LM 3100215 * = [ TEFAT TR S E, BT &40 317111

# E(EMIERFE BRI T A R SE RS f R 50 L7 R JUAZR LA 2255 i it 15 B XL
I P AR AR it B it — AN [ AR R AR X, 32 208 M WA [ AR A 2 5 P A Ak, 18 A X0t DX P P 3, EUARExE 7
B S8R TR AT 20 AL S0 P SR BRI SR S AR A o (25 SR 15 3R MR 35 4 L, (i SRR it v H P 38 SR R
SRR E e, A R S L TS B AR A 2 592.1 °C - d, $E R 74.3% 5 B (L AR T M 16 A R K
SIS 2R 0, DU SRR A B 43 S0 LU ) X TR S R B R 5 40 d AN 22 d DL b SRS T KA 57 d s A
LR R B T R TR M R A A S B R AR bR B R R Lo i DAL, SRR A R I .
(2538 WA Bt 5 Rk 4 AR S — B AN B M A IE 35 A 4K, 7T 2 2 8 T B e A SRVACH B SR 51 it T R K 2
R4 T R IR R

KRR A 5 (e R 5 SRS T 5 UM 5 B A

FESHS:5667.6 XHRFRERS : A EHE:1009-9980(2023)11-2403-10

Effects of forcing cultivation on the leaf morphology, fruit ripening and

quality of Myrica rubra

QI Xingjiang"’, LIANG Senmiao', CHEN Haibao®*, YU Zheping', SUN Li', ZHENG Xiliang', ZHANG
Shuwen"

(Institute of Horticulture, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, Zhejiang, China,; *Xianghu Lab., Hangzhou
311231, Zhejiang, China,; *Zhejiang College of Agronomists, Hangzhou 310021, Zhejiang, China, *Songmen Bayberry Professional Coop-
erative of Sanmen County, Taizhou 317111, Zhejiang, China)

Abstract: [Objective] Chinese bayberry (Myrica rubra) is an unique and valuable fruit crop cultured
in southern China. As the most characteristic and prized fruit cultivated in Zhejiang province, it exhibits
high levels of both nutritional benefits and economic value, which has significantly improved its market
competitiveness. Main cultivated varieties of bayberry, like Dongkui and Bigizhong, mature from early
June to early July. However, the bayberry during the maturation period usually encounters the rainy sea-
son, which results in severe decline in both yield and quality of bayberry, and further constrains the de-
velopment of the bayberry industry. Thus, efforts to facilitate more reliable bayberry cultivation have
the potential to improve its quality and output. Compared to traditional open-field cultivation, approach-
es to enhanced cultivation can increase temperatures and reduce the phenological periods for each stage
of development, thus mitigating the potential harm caused by the plum rains. In addition, these ap-
proaches to protected cultivation can further improve commercial bayberry fruit outputs and promote its
economic benefits. [Methods] In order to testify the benefits of protected cultivation for M. rubra, the
leaf morphology, fruit ripening and quality of Bigizhong and Dongkui were studied, which were subject-

ed to three different cultivation methods: open field (OF), single- layer- film- covered greenhouse
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(SLFG), and double-layer-film-covered greenhouse (DLFG). The cultivation of SLFG entailed the con-
struction of a steel frame structure covered by a transparent plastic film based on the shape of the moun-
tain slope, using triangular, arched, or flat roof multi-span steel frames as appropriate. The cultivation
of DLFG entailed a novel and efficient cultivation method based on the use of SLFG triangular or
arched roof multi-span steel frames on slopes, together with the introduction of a steel frame beam at a
distance of 1.0 m from the top, followed by fixing a second transparent plastic film layer. After these
protected cultivation models were established, temperature changes, phenological periods, and the rela-
tionships between temperature changes and phenological periods were assessed, and the leaf pheno-
types and fruit quality were also measured. [Results] Compared to traditional OF cultivation, the aver-
age temperatures under DLFG and SLFG cultivation were 5.1 °C and 2.5 °C higher, respectively, signifi-
cantly above the ambient temperatures. The forcing cultivation results in higher daily average tempera-
tures, with a daily average temperature = 10 °C lasting for 147 days under DLFG, as compared to 115
days under DLFG and only 90 days under OF cultivation. The cumulative temperature under DLFG cul-
tivation (2 592.1 °C) also significantly increased, compared to SLFG and OF cultivation, with the in-
crease reaching 74.3%. The phenological and maturation periods for M. rubra were significantly earlier
under these forcing cultivations, with the maturation periods of DLFG and SLFG being 40 and 22 days
earlier than those of OF cultivation. The harvest time under DLFG and SLFG cultivation was up to 57
days, which was 3.4 times longer than that under OF cultivation. These forcing cultivation methods also
significantly improved single fruit weight, soluble solid and flavonoid contents, taste, nutritional value,
as well as storage and transportation capacity. Although these forcing cultivation methods reduced light
intensity, the available light was sufficient to meet the needs for these bayberry trees. Thus, the normal
plant growth and photosynthetic activity were not adversely impacted under either DLFG or SLFG culti-
vation. Moreover, the leaf morphology, including leaf length, width, area, perimeter, relative chloro-
phyll content, and chlorophyll fluorescence parameters increased with both Bigizhong and Dongkui. In
addition, forcing cultivation significantly improved the fruit yields and quality. The results displayed
that the average yields of Bigizhong under DLFG and SLFG cultivation were 2 312.5 kg - 666.7 m™ and
2 261.7 kg - 666.7 m™, respectively, 40.0% and 37.0% higher than those under OF cultivation. Further-
more, the average commercial fruit rates were 85.1% and 79.8% under DLFG and SLFG cultivation,
2.8- and 2.6-times higher than those under OF cultivation. Similarly, the average yields of Dongkui un-
der DLFG and SLFG cultivation were 1 655.2 kg-666.7 m” and 1 568.5 kg - 666.7 m™, respectively, 2.9-
and 2.8-times higher than those under OF cultivation. The commodity fruit rates and economic benefits
surpassed 1.6- and 7.1-fold under DLFG and SLFG cultivation, respectively. [ Conclusion] The forcing
cultivation of M. rubra is an effective technique that can significantly advance the maturity period, ex-
tend the harvest period, improve fruit quality and promote economic benefits, without affecting the nor-
mal growth of M. rubra. Based on the above benefis of DLFG and SLFG cultivation, it is of a great val-
ue to further popularize and apply these bayberry cultivation techniques throughout China.

Key words: Myrica rubra; Forcing cultivation; Fruit quality; Double- layer- film-covered greenhouse;

Single-layer-film-covered greenhouse
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Table 1 Biological zero and effective accumulated temperature at different developmental stages of Myrica rubra

e i#@;&% B AR Effective accumulated temperature/(°C-d)
Varietics Biological 1] LY R ] AR
zero/°C Flowering stage Young fruit stage Hardstone stage Chromogenic stage Maturation stage
25 BQ 7.78 190.27 297.97 620.84 988.75 1191.73
Rk DK 7.41 150.21 322.39 703.19 1 100.06 1376.26

TFHA R AZ A B L R A ORI R
190.27.297.97.620.84.988.75 fi1 1 191.73 °C -d. %
LA K B HIA AR N 150.21 °C - d K T23%
F1(190.27 °C-d) ,fHJ5 45 5 ME KIS A SR IR )
TR EAR ST R20214F12 H 21 H—
2022 4F 5 H 28 H i [a] B N, XU it 26 140 T, H P
BIR=10 °CREUE R 147 d, B 8 5 T 50 18 5 it
(19115 d A #& ¥ 90 d s XU T it T 1143 2 A ik 2]
2592.1 °C - d, B & iy TSP IR 1t A i b (3R 2)
WA B 6 A2 05 K 202 30 pmol - m? - s,
Fe RN 52 2 550 umol - m”* - s, B4 F G RN
30 umol -m?-s" (BI JEHE FE 1668 LOR , M A (6 &1
FAFNOFIRAE F b TP HERIRAS e A e B BRI T4 )5
ST PR AE F AT EEE AR R T R P U it
H I K 12:00—14:00 (16 HE B TE 2 887.8~4 222.0 Ix
Z J8] s B, [E] I BOGRREEE 4 664.2~7 196.0 1x
6] EEHb IR, A BOGHREEFE 8 471.0~11 900.0 1x
Z I8 Vit AR 3 O R BB R BRI, H W 2
MM i 5 2, P 1t AR S AN 22 S i g 1
WAV AR AE K

Fz2 AREhEHET HEHRIE=10 °CHIETNTRIR
Table 2 Active accumulated temperature of daily average

temperature =10 °C under different facilitating cultivations

F P35 R PAR
Daily average Active accumulated
temperature =10 °C-d"  temperature/(°C-d)

Bt

Cultivations

i 90 1487.5

Open field

R 115
Double layer

film greenhouse

XU 147
Single layer

film greenhouse

1947.6

2592.1

2.2 HERIEXT G R KR 20

UG | B JIE 1 it R 3 R, AR A I e B R AR
R EFM GRS ' HERENSH, 55
i o 15 A0 EE 43 ) R R 50.6% 4 20.8% 5 11.4% . 7.1%
(R3E3)  RBH GRS E HRRIEES
5, 5 Fx AR S AH L 92 15 20.8%7.2% 5, 25.4%
32.2% (3R 3B 4) s Wit k55 A R T4 s A e A

&3 TREIEMERIEFRE T AR
Table 3 Leaf phenotype under different facilitating cultivations

T 5 it o . ot s I K-
MRS  wggma R waEROESH OHCEE i R [

. SPAD values F./F, K ZHINPQ Leaf width/cm Leaf length/cm Leaf area/cm’ .
cultivations circumference/cm
BRI 50.5+3.84a 0.8+0.03 a 0.8+0.04 a 3.2+0.13 be 9.7+0.82 b 30.8+2.81d 33.0£2.64 b
BQ-DLFG
R 40.5+2.73 b 0.7+0.05 a 0.7£0.01 a 2.8+0.08 ¢ 8.3+0.95 ¢ 2324143 ¢ 28.8+2.15¢
BQ-SLFG
IR 33.6+4.52¢ 0.6+0.02 a 0.7+0.03 a 2.6+0.11 ¢ 7.6+0.87 ¢ 19.942.06 ¢ 26.9+1.83 ¢
BQ-OF
IR 46.743.26 ab 0.7+0.04 a 0.7+0.02 a 424024 a 13.5+1.24 a 56.2+3.14 a 433+2.56 a
DK-DLFG
IR L 41.4+3.57b 0.8+0.03 a 0.6+0.01 a 3.8+0.17 ab 11.741.03 a 4494223 b 39.4+1.95a
DK-SLFG
R L 38.6+2.31 be 0.6+0.02 a 0.4+0.02 ab 3.740.25 b 10.8+0.91 ab 39.5+2.78 ¢ 37.6+2.08 ab
DK-OF

7 : BQ. 25 DK. AR ; DLFG. BUi; SLFG. HJE ; OF. Fethe A [F)/NG T RER R AL BR A IA 1 25 72 7oK1 (p<0.05) . FIFl.
Note: BQ. Biqizhong; DK. Dongkui; DLFG. Double layer film greenhouse; SLFG. Single layer film greenhouse; OF. Open field. The different

small letters represent the significant difference level of different treatments (»<<0.05). The same below.
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a. Double layer film greenhouse; b.Single layer film greenhouse; c. Open field cultivation. The same below.
B3 MRIEIARGRGEPIRRIBEFA TEFHAERL
Fig. 3 Leaf phenotype of Bigizhong under different facilitating cultivations in Plant Explorer
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B4 MEZRZABRGRGHIRBBEZFGTHREMAER
Fig. 4 Leaf phenotype of Dongkui under different facilitating cultivations in Plant Explorer
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KA R =3 A3 H4 H28H.5H3H.5
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Table 4 Phenological periods of fruit development under facilitating cultivations (In 2022)
=] 2L
diE SR oy o o 24 A ST A
R Hardstone stage ~ Chromogenic stage  Turn red stage Initial ripening stage ~ Maturation stage  Harvest ending stage
cultivations
EE iy 3H27H 4724 H 4H29H 5H6H 5H8H 5260
BQ-DLFG Mar. 27 Apr. 24 Apr. 29 May. 6 May. 8 May. 26
2R R 4H18H SH6H 5AH12H 5H21H 5H27H 6H17H
BQ-SLFG Apr. 18 May. 6 May. 12 May. 21 May. 27 Jun. 17
EE s SAH17H 5H29H 6H6H 67 14H 6 18H 6H22H
BQ-OF May. 17 May. 29 Jun. 6 Jun. 14 Jun. 18 Jun. 22
2Rk XL 3H31H 4H28H 5H3H SHI15H SH18H 6H3H
DK-DLFG Mar. 31 Apr. 28 May. 3 May. 15 May. 18 Jun. 3
IR B 4721H sH17H 5H23H 5H28H 63H 6H26H
DK-SLFG Apr. 21 May. 17 May. 23 May. 28 Jun. 3 Jun. 26
ARk 5 3 5H2H 6H12H 6H 16 H 6H22H 6H27H 7H1H
DK-OF May. 2 Jun. 12 Jun. 16 Jun. 22 Jun. 27 Jul. 1
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57 d, KW N 7 1 AR 1) 3.4 4%
2.4 WHERIEXT R MR

W AREE N LR AU RS T, 2255 Rl B B
TN 12.65 g ARECFI R T E N 22.2 g, 5 R

i) 11.4 2.20.9 g ML, 73052 11 11.4%16.2%; 2 5%
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TR R R S R (RS,

WU BRI AR B R 22 A T R B =
(w, JGED 2518 12.1% 11.0% , 55 58 HUkH HE 23 51l 32

1 20.8%+ 10.3% ; LK & &40 4 58.7 mg - ¢! 64.8
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Table S Indexes of fruit weight under different facilitating cultivations

A5 B i e Pt L6 s T
Varieties and cultivations Broadwise diameter/mm Lengthwise diameter/mm Single fruit mass/g Hardness/N
ZFMUE BQ-DLFG 28.9£1.32b 28.3+1.27 ab 12.7+0.76 b 2.5+0.17 ab
2Rl BQ-SLFG 27.1£125b 26.7+1.04 b 11.1£0.88 b 2.5+0.13 ab
24 Fl#E Hh BQ-OF 27.1+0.94 b 27.0+0.96 b 11.140.74 b 2.4+0.15b
A RLXUFE DK-DLFG 34.1+1.17 a 35.9+1.25a 222+1.13a 2.940.19 a
AL DK-SLFG 33.8+2.06 a 349+1.41a 20.9+1.05 ab 2.840.24 a
4L #E 1 DK-OF 34.8+1.75a 34.6+0.87 a 20.9+1.21 ab 2.7+0.14 a

mg- g, 5 # AR5 AH b2 B2 51 19.9%.32.6% 5 &

f 2oy 8.8 g-kg' 7.1 g-kg', S HIAREEAH L
I T 15.8% PR 1 6.1% 5 L IRARSES T [ L £

N

il
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1540 XU AR B N AR B E e E RS
3N 13.5%13.2%, 5 F& HuAH b 23 5152 15 5.6%-

AN |
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=EN
3.0%; S
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2 Hh RS A L 20 A HR 7 1.3%110.4% 5 s R 25 B 4) 31
N11.2 g-kg' 7.2 g-kg', 5 5 H AR AH L 25 70l T
10.8% « P 1IK 28.8% 5 FRLJBE R 35 T [ B2 LU 5 = 4 18.3
(F6). Wit A F| T Mg 5L i i 5 1B 4
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Table 6 Indexes of fruit quality under different facilitating cultivations
iRl Bt wCRT ¥ [E TP wCEHD wOARR) iz
Varieties and cultivations The soluble solid contents/% Total sugar contents/(mg-g") Total acid contents/(g-kg')  Ratio of solid acid
2RO BQ-DLFG 12.1+0.84 ab 58.74+2.15 ab 8.8+0.43 b 13.740.74 b
2P HLE BQ-SLFG 11.0+0.75 b 64.842.37 a 7.1£0.62 ¢ 15.4+0.93 ab
2R FE L BQ-OF 9.9+0.87 ¢ 48.9+1.83 ¢ 7.6£0.35 ¢ 13.2+0.87 b
ZRIELOUBE DK-DLFG 13.5+1.12a 56.7+2.09 b 11.240.69 a 12.140.75 ¢
ZRJELHL B DK-SLFG 13.241.05a 61.7£2.17 a 724091 ¢ 18.340.91 a
7Rk #& Hh DK-OF 12.8+1.10 ab 55.9+2.28 b 10.1+0.85 a 12.7+0.84 b

2.0 mg- g, 5 FE Hh AR5 M B A 8.3% s FE B & =
SN 29 mg-g' 3.1 mg-g', 5 5 M AR B A Loy
AR 23.0%+29.7% s S S &= N 1.8 mg- g
2.0 mg- g, 5 #E HUAR B AE L 2 i 52 151 2.9%+ 15.8%
WU AR FABGEERCHEN14me g,
55 52 MR 5 M L BRI 8.7% 5 KA & B4 A
1.7 mg-g' 1.6 mg- g, 5 #& th F 35 AH Lk 7 0l 42 =
65.4%-49.0% ; By S RN 1.4 mg- g, 5 e Hh AR S
FEEBEAR 15.3% (R 7)o Bl AR 35 A T T Mg R 5
W E TR R

WIS A RRRSE TG

2022 F =1 1 W, 22 55 MOBURE | BRI it R
P24 666.7 m e R I3 A2 2 312.5 kg2 261.7 kg,
55§ Hh 3R 55 A LE 2 B HE 1 40.0%37.0% 5 - 351 7
HR 2 85.1%79.8% , 73 7 A 55 M 1 1 2.8
B 2.6 1% T EATE 100 TG -kg', BF 666.7 m* P H
N 14.4 J1~23.6 15 765 B 666.7 m* F i 5 51~ 16.5 T3
TG~ 10.1 J5 70, 73 0l 2 FE AR BE 1 8.2 % 5.0 fif o A<
RE U JES P L it R 5 T 2 B 666.7 m? P ) ) S
1 655.2 kg1 568.5 kg, 77 il & & Mk 15 11 2.9 5. 2.8

2.5
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Table 7 Fruits nutritional indexes under different
facilitating cultivations
RS wEAER O wR I wCEED

Varieties and Vitamin C Flavonoids Total phenolics
cultivations  contents/(mg-g') contents/(mg-g') contents/(mg-g")

RO 2.120.13 a 2.9+0.21 a 1.840.08 ab
BQ-DLFG

M 2.0£0.09 a 3.140.18 a 2.0+0.11a
BQ-SLFG

EFPhEEM 2.2+0.17a 2.4+0.23 ab 1.74£0.09 b
BQ-OF

REEUAE  1.4£0.10 b 1.740.27 b 1.4+0.05 ¢
DK-DLFG

ZRBELRAE 1.4+£0.07 b 1.6£0.19 b 1.4+0.07 ¢
DK-SLFG

ZRELFEHL  1.5+0.11 ab 1.0£0.12 ¢ 1.740.13 b
DK-OF

1% 5 S 207 i SR A3 ) 84.5% . 81.3% , 73 73] 2 i
G0 2.9 fi5 2.8 1% s P E M AE 210 T kg ',
666.7 m* = {H N 25.5 77 ~30.8 5 7C ; BF 666.7 m* | i
SN 21.5 J5I617.9 J5 76, 43 il 22 MR K5 19 9.8
815 (R 8) o WU FR BV ik 15 K 17 7=
AR RS, B DR R AR S SR

3 1w

Wit A T A KR A NV URIA
5 R SE R R ST A A1 AN RS A DR 3R 1 5
Wi, R 32 SR S RS SR AT, AT RCRETT A WY S B,
FETHIRSE MR FRT 75 M AL At SRR 14 35 it
SRR AR rR e, T R B i it I R R A

®8 2022 FiRFERIBVIEFRRESZFHEIFR

Table 8 Commercial fruit rate and economic benefits of M. rubra under different facilitating cultivations in 2022

w5 Bt P [ELGE = FHIEM A F

Varieties and Average yield/ Commodity Average price/ Output value/ Profits/

cultivations (kg-666.7 m*) fruit rate/% (Yuan-kg™") (10 000 Yuan-666.7 m*) (10 000 Yuan-666.7 m*)
R BQ-DLFG 23125 85.1 120 23.6 16.5

25 Rh L BQ-SLFG 2261.7 79.8 80 14.4 10.1

ZEF M Hh BQ-OF 1651.4 30.5 56 2.8 2.0

AU DK-DLFG 1655.2 84.5 220 30.8 21.5

L L DK-SLFG 1568.5 81.3 200 25.5 17.9

7R L7 Hh DK-OF 554.6 28.9 200 32 2.2

A I IRAE A M b S OB e kB R
3BT B2 i b PR it OB 15 il S 2 55 A RN 4R et
Mt R A KRR S B SR S s . i
T AR, HO G M SR G R S, 6 B i
XoF o HER e SR AR, XU 4% it ' R P A T L, {HL
LI 2 A AN 575 SR s XU AL it o 22 5 A 2R
#EE SPAD {8 73 7 b FA 42 151 24.7% 1 12.8%, B 0 1
gt e B a, BEOR T R AR AR T
AR 2 B RE A G DG O A AR, T 578k Fh 5t
TR R o DRI, i B it % 4 Mgl & 4 BRI OE
AR KB AT A o

e AR Bt R A R S T R RS,
55 A Eb, OB LA P H P2 S R e s 5
TARIS AR G v (0 R ERE , 1 R 2R S Rl R
WA S R R R O, AR TR TR 45 M A SR AL T
T 2 505 OB it H S 35 35 5 b B e v
2.6 °C 5 WU ¥ Jit 4% 35 52 v 196 B0 AR, B0
N RUBEZ& AT R H P34 S8=10 °C R BRI sh AL

o) S 3 v T BRI, 2R A OUSE P iR R T 8 SR B g B
2, SR T B B AR AT OB Jit S 28 SRR 4R et
FIRIAE A 1] | S A T 2 B P IR L 1S d A2, 3K
570 27 OUBR 6 Hh AT B AT S — B0 3 T
M AR T SRCHIEE I 2 A I i T 2
b ]

Wit R 15 0 A g SR S B AN it o B B
TEFR . B AU ARES T 5 22 55 P A 2R et SR s A A
1 IR R T VA R T TR R A
R AR AR Y T MRS, A XU Sk s
R FHEE B3, B 7 P B AR il SR . UL
P B 2 55 R ORD 2R L 1) RS Ok BB 666.7 m? 21.5 5
TG, 28 5 T R HR I ) 4F 666.7 m? 2.2 5 76, He b XU
ARG ) AE SRR, RIR A B e 5 Ak At , 2 PRl
A I L S I AR A

4 4w

P bl O B JE A L R i B3] 7 31 B R 2
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