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Abstract: The specific transport routes of photosynthetic compounds affect the resource allocation of nutrients at dif-
ferent growth stages. The most important is to affect the quality of flowering and fruit, and promote the artificial culti-
vation and production of ornamental plants. In this study, Pleione formosana, an endangered species, was used as the
material, carboxylfluorescein (CFDA) tracer and laser scanning confocal microscopy were used to study the assimilate
transport directions in four different growth and development periods, namely, dormancy period, blossom period, vig-
orous growth period and half dry period to understand the function of source and reservoir of different organs in differ-
ent periods. During the dormancy period, assimilates were introduced from mother pseudobulb to bulb plate and finally
transported to bud for the growth and development of new bud. In the blossom period, the assimilates were transported
irreversibly from the mother bulb to the flower organs to ensure the quantity and quality of flowering. In the vigorous
growth period, the assimilates mainly supplied the growth of the leaf and new bulbils at the apex of the mother pseu-
dobulb. In the half dry period, the two daughter pseudobulbs competed with each other for nutrients from the mother
pseudobulb, while some assimilates were still used to satisfy the growth and development of apex bulbils. The results
showed that pseudobulb, as a nutrient storage organ, played an important role in assimilate distribution and generation
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regeneration succession in four different periods. Its special function would provide reference for artificial cultivation

and commercial production in the future.
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A: Dormancy period; B: Blossom period; C: Vigorous growth period; D: Half dry period (the white substance is tin foil, the purpose
is to avoid light to prevent the quenching of fluorescent substances).
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Fig. 1 Four developmental stages of P. formosana
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Tab. 1 Fluorescence intensity detection results in the growth and development of P. formosana
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Note: “weak, relatively weak, strong, relatively strong” indicates the intensity of fluorescence signal; “/” indicates that no fluorescence

signal was detected in this region during this period; “—" indicates that this part is not present at this time; The lateral bud and the new bulb
were the same part in different periods.
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A: CFDA is introduced from the mother bulb; B: CFDA is
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Fig. 2 Processing after importing from different parts
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A-B: The lower side of the pseudobulb; C—D: The sieve tube to the bulb plate; E-F: The bottom of bulb plate; G-H: Bud grafting; I-J: Bud.
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Fig. 3 CLSM imaging of CF transport in after CFDA loading from middle and upper part of pseudobulb at dormancy period
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A~B: BEERER; C~D: BEERIRHER; E~F: Bi#EHAL; G~H: M I~J: FE4E; K~L: Hk; M~N: FP5.
A-B: The middle of the mother bulb; C-D: The bottom of the mother bulb; E-F: The budding junction; G-H: Leaf;
1-J: Pedicel; K-L: Stigma; M—N: Ovary.
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Fig. 4 CLSM imaging of CF transport in after CFDA loading from pseudobulb at blossom period
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A~B: HkTF B H%L C~D: tﬂé]’ﬁ s E~F: #EPIR; G~H: #ERRIE
A-B: Stigma ovary junction; C-D: The top of the mother bulb; E-F: The middle of the mother bulb; G-H: The bottom of the mother bulb.
B 5 BEHAEMRSANN CFDA EEMARNBEMNRETHL
Fig. 5 CLSM imaging of CF transport in after CFDA loading from flower at blossom period
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A-B:. The bottom of new bulb; C—D: The top of new bulb; E-F: The new bulb crown; G-H: The top of mother bulb;
I-J: The connection of mother bulb top buds and leaf.
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Fig. 6 CLSM imaging of CF transport in after CFDA loading from side bulb at vigorous growth period
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A~B: SAIKMAREEL; C~D: IR EH; E~F: FEki &L ; G~H: 51— AFEkntiikk; 1~J. BEBRTHE,
K~L: BEERTPER; M~N: BRERJIGHER.
A-B: Lead into the bulb petiole junctions; C-D: The top of new bulb; E-F: New bulb and new bud junction; G-H: Another side of the petiole
at the bulb; I-J: The top of mother bulb; K-L: The middle of mother bulb; M—-N: The bottom of mother bulb.
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Fig. 7 CLSM imaging of CF transport in after CFDA loading from side bulb leaves at vigorous growth period
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A~B: BEEK E#F; C~D: BEERTFHE; E~F: BiEReh B3; G~H: BEKHAR; I~J: BiEkpiFdEseat; K~L: HEkpid;
M~N: 53 —MHiER R F.
A-B: The top of mother bulb; C-D: The bottom of mother bulb; E-F: The middle and the upper part of new bulb; G-H: The lateral bulb
petiole; I-J: New bulb and new bud junction; K-L: New bud and new bulb; M—N: The top of another new bulb,
E8 HEEBRS AN CFDA T IR NE R B X
Fig. 8 CLSM imaging of CF transport in after CFDA loading from the mother ball pseudobulb at half-dry period
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A~B: BiBR EHR; C~D: BERNAK; E~F: HECHZFEEL; G~H: H—HEREEEET; =1 5 —Hsk4i;
K~L: 53— BB 2 Hedh s M~N: 3k BE.
A-B: The top of new bulb; C-D: The new bulb petiole; E-F: New bulb and new bud junction; G-H: The middle of another new bulb;
I-J: The lateral bulb petiole; K-L: New bud junction; M—N: The top of mother bulb.
B9 FHEIRFEKMHF SR CFDA & AR MEI MR BTN
Fig. 9 CLSM imaging of CF transport in after CFDA loading from the side ball leaves at half-dry period
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B, XTARJTA G T AR £ AT L AL B
BFRIR, R AL B AR AR 10 85 25 Ve by PR R 2
E18 T R AR, X2 H T A A8 AU ik i
KT EIHAERETERN o TR R 47,
T Y R AR B A W 2R 0 5 53 B B AT R
g pe AR Y Ak, X E A #E ( Lycoris
chinensis Traub ) B AEIHIFA TR I AR IR, 5251
HNZEERVESR YR FESEAS W b ) PR e
e, MIREEMAER BT, RRINZEEE
FEAEIRNS, Reg MEAAMNA BRI REAERK AR
b — P2 B T P g X — I AR B
PR AT SR T A G R ER A A KORES, IR ST
AE TG B K g b4 .

FERERE AR, A B4 R ok ek
FIUR, B AR 1) A 2 il S Bk
A4 g5 RN R T00 0 0 2R BR R B K, Lt —
ZIEX T EFRY TR ZES, B ARG
Tt A 4y 0 LA 400l T AR I A 2 K R
CIRD st ey 5: 5 R N el S o 7 ey
BELL 10 1000 B LG BIHEA T TR , it I AR5 R
10~15 K 1 &, DME#Er: 5 /eG4 ARk
IR, [EE, X —EH SRR Rk,
J T RUER AR B A R TR, AR AR R
Al RBRTZEER, DIl R rse 4, Rl
Yy 5E T TR ER I K .

TR, BRT 2 NBER TR B R IR 2 I8,
T L ER 19 2 T ALE BEBR AR AR B I 215
5, U B BE B A T02E Bk AR AR TH 75 22— i 543
HEEs, (HUCEREBR B 2R FRAE IR, BT Rk I00 s (1)
MR R E XA 5. Ft, X —B IRk
el dk ekl iR — S A S T i S, et A
TR —E ALY HL R T ZE sk A=

O
DL RS, FEA R B AR B B Y
HIOLAS ANHIIE o FEPRBII (7] 44 DA B8 25 i



2340

%44

ZFich; TEBAEN], R 32 MRS ZE m (L A%
Bz, NHERA AR RAERE R TEREREAE
KM, WA 32 T A 5 3K Tt T 28 35k 1) A=
o5 A A R A0 322 A B 1) R TR AR Y
ZFizth . SRER, KEIARE, Ry r s
fe DR s [ S E B IR K AR .

X 55 T o = A [) B B O P B 4 O R R B9
K, TR, Rz %Ig
BN TARBEA P ER ) Gl 2L K Y
wE Z PR R OCR, SRR Eﬁ\
RPN TS A IR L AR A

B FEEY Rz 7, B AR A E B
WA FRIIRE . EUIRE, B RefA AU ISR A
Shy kB 2 A e S B A 7 g P TR b e A
WIS RIS A6 1R 25 78 2 106 BRARITK 43 DA AR IR A1
AR AE R L 7R ARG AE A RN e A 101 1 H e i
AR D T g i 1 O AR RO A R i AR
R, W RN A B IR AT, A
A e s S R N TR R — S
AR,

S % 3Lk

[1] VENKATESWARLU B, VISPERAS R M. Source-sink
relationships in crop plants[J]. Irri Research Paper Series,
1987(125): 19.

MASON T G, MASKELL E J. Studies on the transport of

carbohydrates in the cotton plant: II. the factors determining

(2]

the rate and the direction of movement of sugars[J]. Annals
of Botany, 1928, 42(167): 571-636.

EME. A A EERRARBEECRVIFD]. LAt
Mol BHARITFEBE, 2018.

WANG C. Study on the relationship of source-sink between

3] il

horn gall and its host plant Rhus chinensig[D]. Beijing: Chi-
nese Academy of Forestry, 2018. (in Chinese)
FRAHE, FHHEE, NP, BOMEE, THE BRE,
WA, BR, BRSNS B
KAMTLI]. PERM, 2021(10): 29-35.

DENG Y H, GUO S Z, LIU P R, CHENG X Y, WANG Y,
TANG T R, LIU H B, PENG Q H, LI Q, YANG X H. Re-
search on source-sink relationship affecting the fruit quality
of early maturing citrus[J]. China Fruits, 2021(10): 29-35. (in
Chinese)

NING Y W, HONG-BO M A, ZHANG H, WANG J D, XU
X J, ZHANG Y C. Response of sweetpotato in source-sink

X ZSR,
B IR

(4]

(3]

relationship establishment, expanding, and balance to nitro-

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

gen application rates[J]. Acta Agronomica Sinica, 2015,
41(3): 432.

HE J, TAN B H G, QIN L. Source-to-sink relationship be-
tween green leaves and green pseudobulbs of C; orchid in
regulation of photosynthesis[J]. Photosynthetica, 2011, 49:
209-218.

HE J, NORHAFIS H, QIN L. Responses of green leaves and
green pseudobulbs of CAM Orchid Cattleya la€liocattleya
aloha case to drought stress[J]. Journal of Botany, 2013,
2013: 1-9.

DOGANE Y, ANDO T. An estimation of carbon evolution
during flowering and capsule development in a Laeliocat-
tleya orchid[J]. Scientia Horticulturae, 1990, 42(4): 339-349.
CLIFFORD P E, NEO H H, HEW C S. Partitioning of
'C-assimilate between sources and sinks in the monopodial
orchid Aranda Tay Swee Eng[J]. Annals of Botany, 1992(3):
209-212.

TR, BRIO6. M =2 R R SR A B R 22U R IR ).
HRAEALAS, 1988(1): 35-38.

LI Z W, CHEN W G. A preliminary study on the resources
and tissue culture of Pleione[J]. Fujian Fruits, 1988(1): 35-38.
(in Chinese)

A MR R A Y R B N SR (D] B HiE
Rl bt BRI ITRT, 2017.

ZHANG W. Study on the environmental adaptability of
Pleione[D]. Kunming: Kunming Institute of Botany, Chinese
Academy of Sciences, 2017. (in Chinese)
REM, FIE, R, BRI, RIPW. GG R
22 WO I A EE[T]. PUAbrE =, 2022, 42(2):
242-254.

WU CM, QIN S, WU M, ZHAI J W, WU S S. Micro and
ultrastructure of pseudobulb of Pleione formosana[J]. Acta
Botanica Boreali-Occidentalia Sinica, 2022, 42(2): 242-254.
(in Chinese)

JFHEH. GME2 (Pleione formosana) f5H5-5 Atk
WEBIFFE[D]. A tREAAM, 2013.

ZHOU Y Z. The research on pollination and reproductive

A
=

strategy of an orchid Pleione formosana[D]. Fuzhou: Fujian
Agriculture and Forestry University, 2013. (in Chinese)
PRifEge, B R, Ribvb, 2B, SR, SR =
LT EF RG], ARG IR =4R, 2019,
39(5): 460-466.

CHEN J L, ZHOU Y Z, WU S S, LAN S R, PENG D H.
Pollination mechanism and breeding system of Pleione for-
mosana[J]. Journal of Forest and Environment, 2019, 39(5):
460-466. (in Chinese)

b, BRTE, RO, KRR, KA, TR MR
ﬂ’)ﬁﬁﬂﬁ&%i%‘ﬁ’ﬁﬁﬁﬁ@[ﬂ. T ) 54 B IR~ 4R,

SLybvb



55114

whoountE . BE MR A KR E IR P IR G R BT T

2341

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

2020, 21(4): 785-793.

WU S S, CHEN L, ZHAO Y M, ZHENG Z X, ZHANG H,
ZHAI J W. Review of the germplasm resources and cross-
breeding of Pleione[J]. Journal of Plant Genetic Resources,
2020, 21(4): 785-793. (in Chinese)

HAUPT S, DUNCAN G H, HOLZBERG S, OPARKA K J.
Evidence for symplastic phloem unloading in sink leaves of
barley[J]. Plant Physiology, 2011, 125(1): 209-218.

ZHANG L Y, PENG Y B. Evidence for apoplasmic phloem
unloading in developing apple fruit[J]. Plant Physiology,
2004, 135(1): 574-586.

WU S S, LIU X H, ZHANG Q X, LYU Y M. The role of the
basal plate during the development of lily oriental hybrid
cultivar ‘Sorbonne’[J]. Philippine Agricultural Scientist,
2012, 95(3): 236-245.

BH, R, IR, B, &G, B
BORTE AR S Rl A Wy ) 42 i v A IF 5 32k e 1],
B, 2021, 62(3): 66-69.

HUANG Y, HAI Y, ZHANG HL, HU Y J, ZHAO M Y,

ZHANG Y C. Progress of fluorescence racer technique in

YOLRER

T RAM

fruit photosynthate unloading and transportation[J]. Ningxia
Journal of Agriculture and Forestry Science and Technology,
2021, 62(3): 66-69. (in Chinese)

HEW C S, KOH K T, KHOO G H. Pattern of photoassimi-
late partitioning in pseudobulbous and rhizomatous terrestrial
orchids[J]. Environmental and Experimental Botany, 1998,
40(2): 93-104.

YONG J W H, HEW C S. Partitioning of "C assimilates
between sources and sinks during different growth stages in
the sympodial thin-leaved orchid Oncidium goldiana[J]. In-
ternational Journal of Plant Sciences, 1995, 156(2): 188-196.
WU S S, CHEN L N, ZHANG Q X, LYU Y M. Source and
sink changes of lily bulb and the transportation role of the
basal plate during the development of oriental hybrid lily
‘Sorbonne’[J]. Journal of Food Agriculture and Environment,
2012, 10(2): 1213-1219.

HIRT. ZURSE NN s KR RN S [D]. BT
M EAOL R, 2011,

ZHANG H P. Study on characteristic of transport and accu-
mulation of sugar in developing Pyrus ssp[D]. Nanjing: Nan-
jing Agricultural University, 2011. (in Chinese)

BB, SRR AREEI AR MLH AT [D]. Jbat: hiE
Al KA, 1999.

LYU Y M. Study on the mechanism of sugar unloading in
apple fruit[D]. Beijing: China Agricultural University, 1999.
(in Chinese)

PRI SERRBRIBERER S PR IR RS0 AT [D]. # e 78
JEAABIE R, 2016,

[26]

[27]

(28]

[29]

[30]

(31]

[32]

(33]

CHEN C. Characteristics of carbohydrate unloading in kiwi-
fruit (Actinidia deliciosa)[D]. Yangling: Northwest A&F
University, 2016. (in Chinese)

ZHANG X Y, WANG X L, WANG X F, XIA G H, PAN Q
H, FANR C, WU F Q, YU X C, ZHANG D P. A shift of
phloem unloading from symplasmic to apoplasmic pathway
is involved in developmental onset of ripening in grape
berry[J]. Plant Physiology, 2006, 142(1): 220-232.

XA B, S SRR SE IRl ) J PR 4 s A2 BT (D). b
At RO R, 2019.

ZHAO Y Y. Study on phloem unloading pathway of photo-
synthates of Xanthoceras sorbifolia Bunge[D]. Beijing: Bei-
jing Forestry University, 2019. (in Chinese)

BB, SRFEHH, PIKIL, SRRz, ORISR L
HC ) 1 B 40 L 1 R A 5 A WL e DI RE AT (0], P b
YEAR, 2019, 39(9): 1581-1588.

ZHAO Y Y,GUO Y X, SUN Y J, ZHANG L Y. Ultrastruc-
ture of phloem and its surrounding parenchyma cells during
fruit development of Xanthoceras sorbifolium Bunge[J].
Acta Botanica Boreali-Occidentalia Sinica, 2019, 39(9):
1581-1588. (in Chinese)

PRIBG, IR, AHERE, 2EHiR. AR AR S B A p
SRR R MBS [J]. AR, 2017, 34(12):
1580-1589.

HOU S H, BIAN Y, NIU H L, LI X G. Phloem unloading
and sugar accumulation in jujube fruits[J]. Journal of Fruit
Science, 2017, 34(12): 1580-1589. (in Chinese)

SR RRICACRIE M H 2 5 S LRI AT 7T [D]. 48
JIl: TERE, 2015.

JING H X. Studies on sugar unloading and transport mecha-
nism in Ziziphus jujuba Mill cv. Lingwuchangzao fruit[D].
Yinchuan: Ningxia University, 2015. (in Chinese)

R, AR, MEE, RHTH. RAABEEE L
BIERFC R S5 RC]. B ER, 2006 (5): 417-422.
XIA'Y P, ZHENG H J, HUANG C H, XU W W. Accumula-
tion and distribution of '“C-Photosynthate during bulb de-
velopment of Lilium oriental hybrid[J]. Journal of Nuclear
Agricultural Sciences, 2006(5): 417-422. (in Chinese)
SERAE, I, R, SN FHE T EREETE MU R
FNFERY I S FAR SRR PELT]. MRl BE:, 200(8): 47-51.
YUAN Z H, HE X L, XU Z, YI M F. Metabolism and re-
lated enzymes activities of sucrose and starch in the stages of
bulb formation of Gladiolus hybridus[J]. Scientia Silvae
Sinicae, 2008(8): 47-51. (in Chinese)

ZHANG W, ZHANG S B, FAN Z X. Quantifying the nitro-
gen allocation and resorption for an orchid pseudobulb in re-
lation to nitrogen supply[J]. Scientia Horticulturae, 2022,
291: 110580.



2342 A ¥k 5 44 %

[34] ZHEN Z F, CRAIG E M, JENEY D, CHE L H, BABS W. R[] A=25244R], 2006(6): 1981-1992.

Functional relationship between leaf/stem pseudobulb size LIU Y H, JJA H K, GAO Q. Review on researches of
and photosynthetic pathway in the Orchidaceae[J]. Canadian photoassimilates partitioning and its models[J]. Acta
Journal of Plant Science, 2021, 102(2): 419-426. Ecologica Sinica, 2006(6): 1981-1992. (in Chinese)

[35] HE J. Physiological roles of the green pseudobulb in tropical [42] RV, FEE, IR, BREH, ZSRE. GEMREm=
epiphytic orchids[J]. Advances in Plants & Agriculture Re- RS 5 S Ty ABFIE[I). A AR B 224k, 2014,
search, 2018, 8(1): 75-77. 34(4): 297-303.

[36] HEW N. Orchid pseudobulbs—*false’ bulbs with a genuine WU SS,ZHOU Y Z, LI S X, MA X Y, PENG D H. Popula-
importance in orchid growth and survivall![J]. Scientia Hor- tion dynamics and reproductive modes of Pleione formosana
ticulturae, 2000, 83: 165-173. Hayata[J]. Journal of Fujian College of Forestry, 2014, 34(4):

[37] LI J W, ZHANG S B. Physiological responses of orchid 297-303. (in Chinese)
pseudobulbs to drought stress are related to their age and [43] ZRVvb, FERE, 2B, XV, R, 2R, fHE
plant life form[J]. Plant Ecology, 2019, 220: 83-96. B B MGR 22 A0 R BERE )] FR R AR 2 4R ()

[38] EWéFh. o E A5 ek B 8 58 254 KB SR W5 [D]. SREIAIR), 2014, 43(4): 379-384.

PR F ROl R E, 2011, WU S S, ZHOU Y Z, LAN S R, LIU J F, XU J G, PENG D
WANG X J. Study on accumulation of starch and growth of H. Distribution of Pleione formosana Hayata in Fujian prov-
Lycoris chinensis Traub bulbs[D]. Nanjing: Nanjing Forestry ince and its population characteristics[J]. Journal of Fujian
University, 2011. (in Chinese) Agriculture and Forestry University (Natural Science Edi-

[39] fmte, RRZAME, L. MMM F R FL 5 i tion), 2014, 43(4): 379-384. (in Chinese)

UK ARSI I]. PEALREY#4R, 2003(8): 1458-1461. [44] RUAN Y L, PATRICK J W. The cellular pathway of post-
HE H, KANG S Z, CAO H X. Effect of irrigation and fer- phloem sugar transport in developing tomato fruit[J]. Planta,
tilization sites on dry matter partition and water use effi- 1995, 196(3): 434-444.

ciency of corn[J]. Acta Botanica Boreali-occidentalia Sinica, [45] SHI' Y C, ZHANG W, ZHANG S B. Biomass and active
2003(8): 1458-1461. (in Chinese) compounds accumulation of the medicinal orchid Pleione

[40] A, FREZEE. WG AR B X K Rl b4 2 B A 7K 53] bulbocodioides in response to light intensity and irrigation
FARCRAFE [T, F AR AR, 2002(4): 454-458. frequency[J]. Chemistry & Biodiversity, 2022, 19: €202200056.
HE H, KANG S Z. Effect of fertilization depth on dry matter [46] ZHANG W, HUANG W, ZHANG S B. The study of a de-

[41]

partition and water use efficiency of corn[J]. Acta Phy-
toecologica Sinica, 2002(4): 454-458. (in Chinese)
XBCE, ST, B3 YR o SO R R 5 45

terminate growth orchid highlights the role of new leaf pro-
duction in photosynthetic light acclimation[J]. Plant Ecology,
2017, 218(8): 997-1008.





