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Abstract [Aim] To clarify the effects of different pollination methods on pollination, pollen tube germination, fruit setting,
and fruit quality indices, of tomatoes grown in solar greenhouses. [Methods] Using the strawberry-shaped "Jiuyixiang"
tomato variety grown in solar greenhouses as the experimental crop, this study evaluated the effects of four different of
pollination methods on pollination, pollen tube germination, fruit setting rate, and fruit quality indices. [Results] The
fluorescent, brightness of the stigma, and the number of pollen tubes at 9, 24, and 48 h after pollination, could be ranked as
follows: Bombus terrestris pollination > vibrational pollination > hormone spraying > natural pollination. The number of
pollen tubes developed 48 h after pollination in each treatment was significantly higher than that after 24 and 9 h (P < 0.05).
There were 470.50 pollen tubes per stigma 48 hours after pollination by B. terrestris, which was 1.47 times that after vibration
pollination, 2.33 times that after hormone spraying, and 3.33 times that following natural pollination. Fruit setting rates
achieved by the different pollination methods were comparable, but all were significantly higher than those achieved by
natural pollination (P < 0.001). The number of seeds (234.70 seeds per fruit), single fruit weight (134.35 g per fruit), single
fruit volume (123.69 cm® per fruit), fruit width (66.12 mm), and pulp weight (34.70 g per fruit), produced after B. terrestris
pollination were significantly, or extremely significantly, higher than those produced after other pollination methods (P < 0.05,
P < 0.01). The number of seeds produced by vibration pollination (198.30 seeds per fruit), single fruit weight (118.07 g per
fruit), single fruit volume (109.67 cm?®per fruit), fruit width (63.53 mm), and pulp weight (29.27 g per fruit), were significantly
higher than was achieved by hormone spraying or natural pollination (P < 0.05). The grain weight, single fruit weight and pulp
weight of the fruits from flowers pollinated by B. terrestris were 1.18 times, 2.66 times, 3.61 times; 1.13 times, 1.32 times,
2.32 times and 1.19 times, 1.85 times and 2.52 times, higher, respectively, than those from plants pollinated by vibration,
hormone spraying, or by natural pollination. The specific gravity of fruit, and the ratio of pulp to fruit weight of plants treated
with hormone spray, were extremely significantly higher than those pollinated by the other three methods (P < 0.001), however,
the reverse was the case for the ratio of fruit weight to seed number. [Conclusion] The sonication of pollen by B. terrestris,
or artificial, simulated sonication, caused more pollen to rise upward from the anthers to the stigma and more pollen tubes to
be densely distributed on all parts of the stigma. However, after natural pollination or hormone spraying, pollen tubes were
sparse and concentrated at the top of the stigma. In addition, the number of pollen tubes on the stigma was significantly, and
positively, correlated with seed quantity, single fruit weight and pulp weight, which suggests the internal mechanism by which
sonication of B. ferrestris causes high density and wide distribution of tomato pollen on the stigma, thereby improving
germination to improve fruit yield and quality. In conclusion, pollination by B. ferrestris was the best pollination method for
improving the quality and yield of tomatoes in solar greenhouses.
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Fig. 1 The germination of pollen tubes on the tomato stigma in the greenhouse at
different times after pollination was observed under a fluorescence microscope

A.1h;B.3h;C.6h;D.9h; E. 24 h; F. 48 h.
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Fig. 2 Number of pollen germination per stigma in the
greenhouse at different times after pollination
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lowercase letters above bars indicate significant difference
(P < 0.05, Duncan’s multiple range test) in tomato pollen
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difference (P < 0.01, Duncan’s multiple range test)
among different pollination times.
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B3 WHREMETURARRMAXNBALBEEMESL LEREHLER
Fig. 3 The pollen tube germination at stigma of tomato in greenhouses with different pollination
methods was observed under fluorescence microscope
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A1-A3. Natural pollination at 9, 24 and 48 h, respectively; B1-B3. Hormone spraying on flowers at 9, 24 and 48 h,

respectively; C1-C3. Bombus terrestris pollination at 9, 24 and 48 h, respectively.
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Fig. 4 Number of pollen germination per stigma in tomato under different pollination methods
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Data in the figure are presented as mean + SE. Different lowercase letters above bars indicate significant difference between

groups (P < 0.05, Duncan’s multiple range test), while different uppercase letters indicate extremely significant difference
between groups (P < 0.01, Duncan’s multiple range test). The same for Fig. 5.
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Table 1 Fruit setting rate of tomato under different pollination methods

Ab P PIRS JRE SR JERAE (%)
Treatment Number of flowers ~ Number of fruits set Fruit setting rate (%)
HiBE WK Bombus terrestris pollination 427 422 98.84+0.83 Aa
PR sh#2H; Vibration pollination 424 417 98.35+0.24 Aa
% Z Wi 4L Hormone spraying on flowers 450 446 99.15+0.54 Aa
H R B2 ¥ Natural pollination 430 181 42.09+2.11 Bb

FRPEHE A F B EEAR R, RIS AR/NE FRRR 27 % (P <0.05, Duncan [WHIEMZEKLE ) , K5
FHFRERWEE (P<0.01, Duncan [KHTEWEERL)
The data in the table are presented as mean+SE. Different lowercase letters in the same column indicate significant difference
(P < 0.05, Duncan’s multiple range test), while uppercase letters indicate extremely significant difference (P < 0.01,

Duncan’s multiple range test).
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Table 2 Effects of different pollination methods on quality parameters of tomato
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4151 . o PURTE (g) RSEER (mm)  RIAEMB (em’) RBHE (g)
Fruit seeds per fruit . . L . 3 .
Group (grain) Fruit weight (g)  Fruit width (mm)  Fruit volume (cm”) Pulp weight (g)
Hb RE W 57 43 234.70+8.79 134.35+6.13 66.12+1.01 123.69+5.34 34.70+1.55
Bombus terrestris Aa Aa Aa Aa Aa
pollination
RNFEHY 198.30+7.22 118.07+3.98 63.53+0.88 109.67+3.33 29.27+1.05
Vibration pollination Bb Bb ABb ABb Bb
ME WAL 88.07+2.65 102.40+4.88 59.71+0.92 103.67+3.79 18.74+0.42
Hormone spraying Ce Ce Be Bb Ce
on flowers
ER/S 538 66.93+4.06 57.95+1.93 50.23+0.91 54.224+1.78 13.76+0.59
Cd Dd Cd Cc Dd

Natural pollination

R bR DR, RISV R AR NS PR 2R B3 (P <0.05, Tukey’s ZH L ) , KE T}

FRESMEE (P<0.01, Tukey’'s ZEIWKKE) .

The data in the table are presented as mean+SE. Different lowercase letters in the same column indicate significant difference
(P < 0.05, Tukey’s multiple range test), while uppercase letters indicate extremely significant difference (P < 0.01, Tukey’s

multiple range test).
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Fig. 5 Comparison of fruit specific gravity (A), ratio of pulp to fruit weight (B), and ratio of fruit weight to
seed number of tomato (C) under different pollination methods
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R, RENS T A b B 55 A A Sk AT R R B B D WL E 5 H 0K  FAE AR Ry E AL 2T Y
W, POLMMES R E R, AEM SR RS, LSRN & AR AR R R, il
LA ) HE s AL SMERME AR5 IRER . R 2Y Py 0488 A B Bl
PSR, BRS A TIRSEEMHBIME  w, MAEATRRL R BB SEALER T, s Z1Y
WTERERI T B S5, M i, RSN TR 25 4 PN 38 /408 ) b 4R 2084 I,
MR 2B, WA Tl AT B i NI SERL T i) B AER R ML S AR B8, [R5
B, AT MES I RE MG, e EHE R T2 T O iR SR E I, mL
e N SEAEF A i 1) ™ e AR A AERZ R A2 HHER, NTIRSER, RMRREE, T
HT J:RFT S-RNase FER D3 [A] 278 30 T F ok A FR I A3 2= AL PR B0 R B AR A 2 IR, PR ol
AT ML (Kondo eral., 2002b) 5 HD-Zip WA/, RISk a8k Boe il B /01
IV LR FE RV A2 h B8 AT HbAEMEIAS , AMTAERMIR D, 58 A AL I AL 5 i
SEMBARGER, WGAHER AL AfE—E, B B8, WEEZRATIRG A G5 2 b AE 13 11
P AE2M , (A3 H Sk e B a2 N (Wu RO TSR WAL A I B I BB SR A Fi it
etal., 2024 ); FEilkE S SR SE3. 1T Fl Style2.1 FR VR 5 |k A iR R 9k 3l 78 i by, Rk
FERRAERAR , REFA R L AN A A Sh 1Bk N, ek IR B0 Sk i A6 b B e
Btk AR BIAE 25 R N, Bk BB TAE W,
4T THER (Shang eral., 2021) . FRATIMELHME Cooley il Vallejo-Marin ( 2021 ) AN FEIE#7
WRMACAI T IR, AL DUmALRAE TA: Bl iR s iR, AR ELH . A
ST, MAEZGFLME R AL IR ME HARTE T AHUARAIR Sl ol e 5 495 o SR S T 6 TG (8 5 il
RSk | O TR EAN I IRNVERDR UM B SE AL AR B0 45 5 3¢ I Hh AE e 352 40 e ih A Sk 1B B A



24 RE: AR 7200 H OGS B AAE R W A RS SR SR (R - 445 -

ARSI T S 2, W em TR | K
SRS BT AR bR, SRS RCR UK T 1
ARIEFZRY, TRAESE = oahi R | RIS AN L
SRS ST R W AR R Ry PRl 5 R S
iR DG, AR 10 R, R
N 11-12 g ( Zhang et al., 2022) , [RIFEUEH
WU A R T IR 3R A R A AR SR R R T 2 R 7K
S, B R SE e E AR S R R A, SR
Hi 5 e, AR — e, Fhh
Sk FAER A B 5 AR | R E AR
EFRPR B EADC, By, Fh i E
TS A

Zi b, AR A AL S5 YRR IE T 2 1 RE W 55
R R W B 58 A 2540 th AR R IR B A Sk 4R
H AR, aek 2 B A A A MR B M A A B R S
AEALH | BUAE RIS 2500 [ A 5 2 b R 0ee 119 75 R R
B “FHRR” iRk, R5E W B ALk N
TGk, PR B AT TEA L A
BSOS oA, BRI R, BN 2,
RIELKRBIRT, BERSFEMRL - EME,
PR WAL AT 4 JAE SR, IR RO S 0
K, HRSRD, BRI, R ER, Al I,
Hby 8 0 P R B B LS SR IR S R RE A
PR IR HOGIR 2 o= s AL oL, A5
T AP R B TR AR, X e ik B Al
M e ik R A H B
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