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Effect of temperature on flower morphogenesis and pollen viability of garlic
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Abstract: In order to explore the effect of temperature on the mechanism of garlic sterility, two garlic cultivars,
Chengxianhanzhong garlic and Dutch garlic NL-3, were used as experimental materials in this study. Differences of chromo-
some variation and pollen viability in the processes of flower bud differentiation and pollen mother cell meiosis of two garlic
cultivars under room temperature ( average temperature of 23 “C) and low temperature ( average temperature of 17 C) were
compared by squash technique and Alexander staining method. The results showed that the flower bud differentiation process
of the two garlic varieties under low temperature treatment was 9-10 days longer than that under room temperature treatment.
At different temperatures, there were significant differences in the proportion of abnormal chromosome behavior and mature
pollen viability during the meiosis of pollen mother cells in the two varieties. At low temperature, the proportion of normal
chromosome behavior and the activity of mature pollen during meiosis of NL-3 pollen mother cells increased from 5.47% and

4.01% at room temperature to 29.65% and 26.17% respectively, with significant differences. However, low temperature treat-

ment could not significantly increase the proportion of
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is more sensitive to temperature and is a potential variety for

fertility maintenance and recovery.



1298 H K&k 2% W]

2024 4 55 40 & E T W)

Key words: Allium sativum Linn.; temperature; flower bud differentiation; meiosis; male gametophyte

Fik (Allium sativum Linn.) 3 J& T8 5 FF( Lili-
aceae) ZJE (Allium Linn.) , A 2 SFAEAREY), HHE
FFHAERME A Z98.0x10° hm?, 2 292.2x107 t, 4=
FEHR RS R I R % 25 A oM B X —
RFBOGFH AL E W RIR THLUE TR A dn i Te
PEEAE BEEGE T BT R R A
MELME A M2 T8, S BULR RGRfh Brst I 5 A
AP BT BE RS AS B 58 3 AT, Fh BT Q03T 2218, PRI,
R I GFIN B HRE T I R MR KGR 2R

TR I WA B 78 TR AR S R Bl A
bR . WYL R R A 2 4, —
SEAHYE SR B AR BT 25 A A O L DA 1 7
R RIRENERH R, RO Y N RN R AR
PR AR TR AN IR R RO AR 255 2 AR AR
Y R TR E IR AE K m AR A AR
MM TERENR , WREENRAFFHRZ
— TR TR R A (I, R 2l 2
oy IOy A U R 114 £ BRI Rk B e v [ A 25 5 i)
YEVIRY K, W IFAE AEH o0 B | 45 52 3
IRAEDY B T ORR = iy (Hp RN v b X )
(1 5 SR R T KRR AE 25 B M IR RE > . 5%
T FE X R A R I AL 2 ) A B TR 7R K
AR AT L, G B B R R A 1 3R
Ak RGRE TR B T RE

ST H R BE X R AR 2 Al AE K 1 20 s
By AR FERIAE RIS 1 B 52 IR EE U 5 AR
Wy VRS (R 38t A AL AN [] ot ol 640 B o U
14 e 0] 2 S5 ke 2 B 5 R AR, A B 5 AR B 0
ARF 22 Hps NL-3 2 D EE s RIS AR, 2088
TR AFIIRAL BT A6 28 704k | A6 Ky B 40 o 500 245k
PRI T A RER BB R 25 5, B 7E W B
JFEXT R AETE A U E 1R & B /52 e, R A T
P IR AE G T | SE A T B PR AR

1 ARSIk

1.1 #RREAE

RIS VLI I b X AR M Al Bl2= 5% BT ARl
IRIEHEHHEA T BRI RE A il ZE PR A 1 2 i R
BRI 22 AR NL-3, FPRE G A %A fES 2k
FHETE L6 ¢ 4 PCHlE SR L AR 20 em  FHLAR 15

em PYYERLZE, B IR R R E N B S 4/5, 48 80
o BB EEER AR K22 TR AR5
REISFEEAMIMERS 2021 45 8 AW
WEZEIPR T 4 CCVA PR, 2021 4E 10 1 5 A AP, FE4%
3 SRR, B KB IIGEHE Hoagland B FRWEEIE

2022 43 A A, Y 2 A E R ORGSR AR R 41k
BB AN T E AT IR A B, S IR
PRV PR B IR, 1 IR AR FE 26 °C/21 C (H R/
] ) AR IR AL 20 °C/15 °C ( R/ |, SEHTE
FEAY A 23 C R 17 °C 3 B KGR 10 h, 6 BB
20 000 Ix; A XF 8 N 70% , &AL FE 20 4, 60
B, AL E] 75 d.
1.2 FHEBHNERYE

3 Har, 2 A Rasdh At A B RS, it
JEhE S d WU 1R, B RN AR AE R A B
I T Rk, AEALFRAE VR 3 MRk, MRS, A
H S6D AR 2 345 (F5E Leica Microsystems 23 &) ;=
it ) IS A AR A K MRS
1.3 BZFEESRELZEHMIENE

KertEbRiFE AMZIN G, B 5 d R&E 4 M0
% 3 HanEE H B 5 WAL T i, A SeD MR
MBS (75 [ Leica Microsystems 2y &) J= i ) W5 4L
JPIEAS A KB FHE
1.4 THEBARBRHESHTENER LEBEEN
S

T L S ECAE I Ry 2 0 B K SR AE R (AR 1.5~
3.0 mm) B TRUEREE W (ToK SRV EE R K3
1 P IRRRLGIR &) i R0 S 1 il th Ak
25 78 37 C WM (3% 1. 4% B-7 58 H I 1R 1 156
0. 3% 21 4t R 1F . 0. 3% el ) H il A% 3 h 5, A
60 % VKTt TR T A6 M 1 240 Jf 1447 375 P AR A 2, $RE48 TR
L4 DAPL(4, 6- & FE-2-IK JL | e — R R £h ) Y
{05 7E DM4000B ¢ )6 B f#U5% (5 [ Leica Microsys-
tems 23 F) P b ) R HEATAE A BE 20 R o) 4 el
I GETTH YL R ZE A S8 A Ll
1.5  FREATEMIRLIE A T

) E TR 1R L O R B R SR T
B AER AN (5 A A, IS AN ] 4 2R
FAEHRLAAEZ] s B TR A B R Alex-
ander et PEATAENE J1VEAN . ST Rl gL i



B OINAE R KGR ALY SRR I T 5L 1299

LI N B BRI B AN TC A 1 A AN T ALK
WECE, BRALER 3 WRERE, BB A gt 10 AL
B A AR 2110~ 15 i,

2 ZER50
21 FEREAENKEEENURELETE

T AE ZE A R R NG 2 A KB A B AR K Y
LAY G RE AT 43 A B AL P LA /N
TEJFE I DL B 76 28 B RS0k L FE2E o
FEHTE IR A K e HLAT LAY ) - SRR g5 4, AR KA
TS BR0E | JE S S b s B A= 4l e s nt
FrfuZ (E 1A B 1F B IK K 1P) , EFe kg

A B
LP
ENQ
VGC /
500 pm 500 pm
F G
VGC
/N it
0 gl
K L
1
o
500 um 500 pm
A A T e
P Q
VGC/ L /I:GC
500_pm 500 pm

Jei , RS koAb, KRR A i R R, A 2 T
SrEALUE B -G B L E 1Q) . Fris ik )5
TSR T A 58 R AR JE AR K E (B 1C Bl 1H | &l
IM B 1IR) ,#E 1k & N7 R 3L, 67 Rk ik —
A ERIE B9 /NAE IR 3 (1D B 1 & IN L ]
1S) , [RIET i Bl 2 R 5 25 54 7 i or Ak, FE 4%
BRI , INEJF LN e AR B R R Y
TRk H b 3 DR R A SR R (I’ LE R 1) B 10,
BIT) e kB NEE/NME, fir 22 K5 NL-3 F
B FRAE 2 Ak AR P T 2SR AE 7E S TR R Ak
FOCHA 2 5 B AN LR R A A AR X AE AR S TG
FHRM, HASEER B AL BE R, 2 A K5 i Bl otk A 4E
ZEOT A S Lh sF 1) R Rk} [e) A AR ]

C D E
PP “/SP
/
g
/ BR
IER To X%
500 pm 500 um 9 500 m
H I J
SP
N #Ppp
/ TP Wio)
o
o #BR
500 pm 500 pm 500 pm
M N (0]
SP
N +7p
fPP
/A % BR
FP
500 pum 500 pm To'500 ym
R S T
BR
X
NaVe TP

/‘ o #p
0 [ ! I 5@‘

A~E NIEF RS T NL-3 F62E it it s P~ ] S IRIR A1 T NL-3 FE2E /0 A AR s K ~ O Ry 1B 5 TR EE 450 7 B0 B DU 3R A6 2 o T i
P~T ARIR A N R DUPFRAE S (b RE . BRo AR FP  ABJ5URE LD« I J5UHE s PP« MESEURE s RGC . AR A AR A 8t 5 SP o MR JRURE ; To « BRR 5
TP . A6 JF3E ; VGO . B R A KA,

E1 AEERET2IMKRFRMEFSUHEREEN

Fig.1 Floral bud differentiation process and structure of two garlic varieties under different temperatures

AFREET 2 A Kar AL 2E oAb A I i)
U6 H I FIFRLER ] N2 1 frs . SRIRAIEHI L,
RIR ST 2 A A (NL-3 FL B35 ) 1Y
TEZE AR W 25 I 4B S, X L IE # IR
251 NL-3 AR BV A 6 A e D 3 431 40
SANIER: 3 d 2 d, /NEBE S I RELR R ] 4331
FE 2 d A3 d, fEas E BRI R L A] 43 1) 4

K4 df5d, NL-3 FSE N s e IR &0 T 4
FIHESS O d F1 10 d 45 AL 2oL

2.2 ARIBEAEIT 2 A &FHKFRTE N4 AR
o AR RN

2.2.1 M ZKFFNL-3 ERFRELAET 6o
kA e BRI T IR R IR Y A B
T AT AR A 2445 1 % DNA i



1300 H K&k 2% W]

2024 4E 5 40 & BT W

2 R R 7R 2 T 0 R IRt fh o)
5 AR 2 TS AE IR e (PP 73 A DR
S Y O S H AT N, GRS Qe G e

®1 FARBET 2N AFRMELF 5L ANELR BTN FHER F

PRI S 555 | 1 3 B0 3 B e AR A3 AN
oI Il b i 2 R S A A NTTB 3 A R £
HERCFAIE

Table 1 Beginning dates and durations of flower bud differentiation of two garlic cultivars at different stages under different temperatures
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Fig.2 Effects of different temperatures on meiosis process in pollen mother cells of Dutch garlic NL-3
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Table 2 Proportion of normally developed NL-3 pollen mother cells in each stage of meiosis under different temperature treatments
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Table 3 Proportion of normally developed pollen mother cells in each stage of meiosis under different temperature treatments for Chengxian-

hanzhong garlic
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Fig.3 Effects of different temperatures on meiosis process in pollen mother cells of Chengxianhanzhong garlic
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Fig.4 Alexander staining results of mature pollen grains of garlic treated by different temperatures
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Table 4 Effects of different temperature treatments on the activity

of garlic mature pollen grains
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