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Effects of pre-flowering and flowering irrigation on reactive oxygen spe-
cies metabolism and programmed cell death in the calyx tubes of Kuer-
lexiangli pear
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Abstract: [Objective]The objective of this study is to disclose the effect of pre-flowering and flower-
ing irrigation on sepal abscission of Kuerlexiangli pear. [Methods] This experiment was conducted by
measuring the calyx abscission rate, soil water content, water potential in fruiting spurs, reactive oxy-
gen species (ROS) content and antioxidant enzymes activity of detached calyx, so as to verify the cell
death in detached calyx by microscopic observation, DNA ladder detection, DAPI staining and TUNEL
labeling. The programmed cell death (PCD) characteristics of calyx abscission were also demonstrated
by microscopic observation, DNA ladder assay, DAPI staining and TUNEL labeling. [Results] There
was no significant difference between pre-flowering and flowering irrigation treatments in terms of ca-
lyx abscission rate, and non-irrigation (control) promoted calyx abscission during flowering although

the highest calyx shedding rate was 56.57%. The soil water content of non-irrigation (control) was low-
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er than the irrigation treatments at different phenological stages and exhabited a continuous decreasing
trend. By comparing the spur water potential changes between pre-flowering or flowering stage irrigation
treatments and control 10 days after those, the spur water potential decreased by (-0.31 MPa), (-0.33
MPa) and (-0.20 MPa), respectively, among which the spur water potential of non-irrigation (control)
decreased the least. With the increase of drought stress, the changes of reactive oxygen contents and an-
tioxidant enzyme activity of persistent calyx tubes with pre- flowering and flowering irrigation treat-
ments and control were not significant at bloom and 10 days after bloom, while those of shedding calyx
at bloom and 10 days after bloom were significant. Among them, the - OH scavenging rate, O, - produc-
tion rate and H,O, content in the non- irrigated (control) calyx tubes were significantly higher by
46.24%, 36.12% and 53.84%, respectively, compared with the bloom stage, while SOD, POD and CAT
activities decreased significantly by 45.57%, 69.76% and 62.47%, showing the most significant chang-
es. By observing the microstructure of paraffin sections of calyx tubes, no significant saffron coloration
was found in the cells of the persistent calyx isolates during flowering and 10 days after flowering; the
percentage of saffron coloration in the cells of the desiccated isolates during flowering was 48%, and
that 10 days after flowering was as high as 85%, indicating that the continued lignification of the desic-
cated isolates increased with drought stress and promoted sepal abscission. The total DNA in the persis-
tent calyx cells showed a complete band during flowering and 10 days after flowering, indicating that
no programmed cell death occurred during this period. The degradation of cellular DNA in this isolated
region was observed at this time, and the DNA electrophoresis pattern of the calyx at 10 days after flow-
ering was “smear-like” with the disappearance of the ladder band, probably due to the degradation of in-
tracellular DNA into lower DNA fragments as the programmed cell death deepened. This is probably
due to the fact that as the programmed cell death deepens, the DNA inside the cell is degraded into
smaller fragments, which are absorbed and used by the cell as part of the cell wall. No changes were ob-
served in the TUNEL labeling and DAPI staining of the isolated cells from the persistent calyx during
and 10 days after flowering, and no dead cells were found; during the desiccation of the calyx at flower-
ing, a few nuclei showed positive TUNEL labeling, indicating that the PCD process had started in the
isolated cells and occurred first in the differentiated mature isolated cells; during the desiccation of the
calyx 10 days after flowering, fewer nuclei were seen with TUNEL labeling, and the occasional nuclei
that were visible were brownish in color, indicating that the nuclei had been absorbed and used or were
severely atrophied at this stage. At 10th day after anthesis, the nuclei of the DAPI stained isolated cells
showed nuclear condensation and deepened staining, and the nuclear chromatin was gathered in a cres-
cent shape on one side of the nuclear membrane, indicating that the cells had begun with apoptosis; 10
days after anthesis, the nuclei of the DAPI stained isolated cells broke into round vesicles of different
sizes and were surrounded by the cell membrane, indicating that the cells had entered apoptosis. [Con-
clusion] The combination of paraffin sectioning, DNA ladder detection, DAPI staining and TUNEL la-
beling showed that with the increase of drought stress, the calyx tube ROS contents increased, leading
to the inability of antioxidant enzymes to scavenge, thus affecting the development of the calyx tube
free zone, affecting the PCD process and promoting the sepal abscission of Kuerlexiangli pear. This
study showed that the effect of irrigation on sepal shedding of Kuerlexiangli pear was not significant
during pre-flowering and flowering stage, while the effect of continuous drought stress on sepal shed-
ding was mostly obvious.
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Table 2 Effect of pre-flowering and flowering irrigation

on calyx shedding of fragrant pear
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Fig. 1 Effect of pre-flowering and flowering irrigation on

soil water content

2.3 TEBIAITEHRE K 3 & BUE REK B RIS

M 2 B A DLE HY, T T2 Ak B8R BB AE K75
W5 10 d FKFE A S 20 d 28 BRI ARh g 34 3
A3 ERFEWE 10 d, T1.T2 &35 A 8 [ &
LG TR K B AR T A -1.08~-0.54 MPa; /£ K
W15 20 d, T1.T2 AbHE AN f 7 B4 40 3R K 448
1 Y5 9-1.29~-0.84 MPa. XfH K ##A S 10 d 1
KW 20 d R I, T1.T2 Ab 3 A6 IE 5 4 5 kL
IK AL 3 ) % 7 -0.31.-0.33 F1-0.20 MPa, A
HHOGE HE CANIE /K AL 38D J2 SR ABOK 35 T B R fe /)N, T2
T PR R AR
24 KEHRB10dFMKEFHF20d LIEESKEM
ERBKBSHRERME XM

K3 s, REME10d HIESKESE
i 22 2 A O, (H IR B3 (r<<-0.811 4), KE I
J520d HEEEIKE S MR EREEG>-0.9172)
TS KRG 10 A REKB EMERERE
(—0.811 4<<r<<-0.917 2> fiAH K, KiE HJ5 20 d 2 2R
KA G B R 2 EE >-0.917 2) fiAHK.



2128 3 L)

S 4

40 %

O KFEWE10d 10 d after the large bud stage
O_K7EMIE520d 20 d after the large bud stage
A3 Treatment
. Xt # Control T1 T2
& 0.00
<
S 020 b
g
5 040 |
2 I
= —0.60 -
e 1 |
g 080 b a l
K S T
: - L a
B 100 1 " -
S L
E 1.20 b
g -140 {
8 a
‘; -1.60 -

2 FERTRITLEEK ST &R REOKE IR
Fig.2 Effect of pre-flowering and flowering irrigation on

the water potential of fragrant pear short fruiting branches
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Fig. 3 Correlation analysis of soil water content and water
potential of short fruiting branches with calyx removal rate
at 10 days after the large bud stage and 20 days after the
large bud stage
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Fig. 4 Effect of pre-flowering and flowering irrigation on

the scavenging rate of fragrant pear calyx tube-OH
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ORFEHE10 dfis =
Calyx lodging 10 d after the large bud stage

WRFEHE10 A

Calyx removal 10 d after the large bud stage
QIR 20 dfg ¥

Persistent calyx 20 d after the large bud stage
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Calyx removal 20 d after the large bud stage
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Fig. 5 Effect of pre-flowering and flowering irrigation on

the O; - production rate of fragrant pear calyx tube
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Fig. 6 Effect of pre-flowering and flowering irrigation on

the H,O, content of fragrant pear calyx tube
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Fig. 7 Effect of pre-flowering and flowering irrigation on

the SOD activity of fragrant pear calyx tube
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Calyx lodging 10 d after the large bud stage
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Calyx removal 10 d after the large bud stage
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Persistent calyx 20 d after the large bud stage
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Fig. 8 Effect of pre-flowering and flowering irrigation on

the POD activity of fragrant pear calyx tube
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Calyx removal 10 d after the large bud stage
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Fig. 9 Effect of pre-flowering and flowering irrigation on

CAT activity in fragrant pear calyx cylinders
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fEE R, E X T R RS T B B
1-c~d) N KFE WG 20 d B R, 2/ B X AR AL o
10 d LB B3 BB 2, O BB T 52 I Hr4E 18
J5 20 d 2B E A I B B

282 RMEMUIE KEWE10dMREMNE
20d T EFX MBI R KNG HEFALEORNR
(B 12-a~b) ; KFEWI)E 10 d i 225 X 40 5 20 % 10
LA 9 48% (P 12-¢) , K7 W15 20 d i =5 &5 [X 41 il
T o1 25 (B LU I8 85% (I 12-d) , U BA i 22 55 [X
B SERNESEO% TR AR i) | W (T ey s S
2.8.3 DNA ladder #& @ M 13 77 501, K3 W5
10 d AR5 )5 20 d 75 20 B2 1.2 ke 40 i 1) A
DNA R WA 1 2% 56 B 17, 38 B i A R kA=
PCD. K% W5 10 d Bt 20t B 1 3 9k i 7] LLF 2]
DNA 1] 7 2472 5 I 2, S B0 ASER 1) DNA B IR 2%
(DNA Ladder) , It I 1% 5 [X 21 il DNA 5 fif . K&
W15 20 d =200 B2 4 WkoE DNA HLIK BTS20
AR BER 2% T 2Kk, 1T R 2 (R A Bl PCD IR AL,
4T N 5 DNA B 5 /N B, 4 200 P R AR
R A 4 B EE ) — 5 73 . DNA HLUK IS SR,
B9 X2 MK S 10 d FFAG Kk A2 B 2. PCD,
L PH B i DNA Btk 467 . BE#E PCD HIIR N R JE
DNA LK T 328 1 95 I FLBREE R %, R0/ B
(1) DNA HGE £ , B 3 PCD ASBHa AL » 55 #7I
P o AN 25 AR B 1 B 7 AR N X 2
(1) PCD AL T HFAIE

2.84 TUNEL 47t #=DAPI % & KEMIE10d
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1.0

0.5

-1 0.0

D1
-0.5

El

F1

D1 El Fl

Al Bl ClI A2 B2 C2 D2 E2 F2 G
FI5% R H00 5 0=0.05 1] ,7=0.811 4;6=0.01 I} ,r=0.917 2. A. SOD;B. POD;C. CAT;D. *OH 5[4 E. O /B % ; F. H:0. 5 G. it
A, By 1 AERREE 10 d. 807 2 AARREWE 20 d; AR EE  ++URIE
Critical value of correlation coefficient, 7=0.811 4 for «#=0.05; 7=0.917 2 for «=0.01 A. SOD; B. POD; C. CAT; D. * OH scavenging rate; E. O, *

production rate; F. H,O, content; G. Desiccation rate; number 1 represents 10 days after the large bud stage, number 2 represents 20 days after the
large bud stage; * Represents significant, ** Represents extremely significant.

10 KEHE 10d 5XEHRGE 20d EREHEEMNEANBEEESRETMEX DT
Fig. 10 Correlation analysis of reactive oxygen content and antioxidant enzyme activity of calyx tube with desiccation rate at

10 days after large bud stage and 20 days after large bud stage

a. KEWE 10d 155 :b. RKEME 20d 5% e RKEHE 10d 2 d. KEME 20d BEZE TR B 12,E 14 [,

a. Persistent calyx 10 days after large bud stage; b. Persistent calyx 20 days after large bud stage; c. Decalcification 10 days after large bud stage;
d. Decalcification 20 days after large bud stage. Figure 12 and 14 are the same.

B 11 RERBESRINKS
Fig. 11 Morphology of the appearance of the desiccated fruit with persistent calyx
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The location indicated by the arrow is the off-layer formation area.

B 12 BRERMESREHMEAHONE

Fig. 12 Observation of microstructure of desiccated and persistent calyx fruit

500 bp

100 bp

PKIE M. 100 bp [8] &I 4> F i & Marker; VK 1. K#HE 10d
A= 9K 2. REEWIJS 20 d 15 %5 9kdE 3. KBS 10 d =ik
4. KHWS 20d B

Lane M. molecular weight marker at 100 bp intervals; lane 1. calyx
lodging 10 days after large bud stage; lane 2. calyx lodging 20 days af-
ter large bud stage; lane 3. calyx removal 10 days after large bud

stage; lane 4. calyx removal 20 days after large bud stage.
& 13 DNA ladder 17
Fig. 13 DNA ladder detection

AR A S5 20 d 15 22 5 [X 41 fid TUNEL #5121 DA-
PI 4% 8 0 52 3 T AR 4K, R R BLAE T 40 A (& 14-
a~b) s KA WG 10 d L%, TUNEL A5 ic 7] L& B 55
Z 40 DB AR A% S BN, O R EC A
HL S 2 10 B X 40 A bR AR 1) (B 14-c-1) s R
J& 20 d Jit %, TUNEL #5 ic f0 40 i 4% B 5 T 52 10 R
S, O B A B AR O AN L, U B O BT X4 i 4
Moz S R (B 14-d-1) . KEWIE 10 d,
TUNEL Fric 25 X BH 4 41 B 2 T 4 B 3287 1
% , [ % PCD FIINR , 25 X 4H il 1) 40 A A% 25 s 26 B0
NBHME, HFRE BB NE RN K. JEHBE#E PCD
(R 3E AT R E A S 10 d B 22 5 )2 H B RE B T 2
14-¢-3) , KEE W5 20 d B =5 25 2 b 24 56 i B 8. (&
14-d-3).

KEWE 10 d i (B 14- c-2) , DAPT 4L i i B1
A PR A A R 4 5 o HL 22 F 28 TR 100 G € 5 ) A S
S, R C LI AR T K& WG 20 d il 2
(B 14-d-2) , DAPI H¥ 1 55 [X 41 ff H 40 B a2, 2
JfL 52 R /NAS — RS » 4 200 B R i 60, 2, L 4
il O A FEAR AR T
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1, 2 in the figure represent the changes of the nucleus, 3 represents the location of the delamination break.
[E 14 TUNEL #RI2F1 DAPI €&
Fig. 14 TUNEL markup and DAPI staining
3 W ® O+ A ME XM HO. & B2 L. KRR
g t

T B s s B, SR A B AR IR R
%o AREEEPW TR I, B — AL A, Be oK R e
PR IX (1) A =2 R i T I R e K X (M AL, HLEE
I KGR — M AR =2 5 2 T oA 7 7]~ 3%
RAERKD = FHEREERE L . X5ARBFH
(1) 25 B A — B, R R AL BT 7K 55 60 B CINEE K
BEFD FH L , X B CANTEZK A 3D F B/ 35N Bk i 52
/N, IR KR R REEE 1) F S a AT BHRKCF,
I H 57 R0 M = 2 52 8 25 07OME O, 7 AL it =2 6
f T AE T I E K b 2

AT RE WS 10 d B ) « OH 1E B % .
Oy« A i A H,O, 1 & & 2 E &%, JfF Hhe &
- 5 a8 I TA] R RF 22 K FE I S 20 d B OHL
O, Fl H,O, 7E AN Wit S A, [7] Bsf 56 Bl A8 i A A 3 K
ALFE, X6 HE CANEEZK A0 22D i 11 « OHL O, AT HL O, fifi
JoiR 3B IS B] (R 4R 23R A e N W B . M A SR PE N T R
JHRE T TR S T 4 v B T R B A TR

il
IO I 6] 3659 O3 B 4 10 3 B0 - OML TS PR 36

LI TR I, TR a2 R 3 4H B Y « OHL Oy« Al
HO, 1 S, X 5 ARSCH 74 SR — 5.

LREMREEI R R, 23T R a ) ik
W PRIV VIR AR AL T HE S BT R s B
T 5 e (0 R AL R BT SR R 1 ) A A
BNAS ), BITESZ 2 a8 00 BT, &
BRI AR T R R SA . AT R) T AR )
g 5L RIAE T AN A6 HH E 7K A B RS B
SOD.POD.CAT i E/E RE MG 10 d¥ 2 FFHE
s b 2 3 R n R T = 5 1) SOD. POD . CAT
T T RS S 20 d 35 2 T B 3, I B HEAH X
F-AE R AL I 7K Ab HE () ROS 75 BR 5 P N % 5
.

ROS /2147 PCD W82 K+, 5K & i %
FIFRIE N 8 s N A 2%, ROS 5 s 15K ] DL s il 4
(R P v, 17 4 s U RT e 3 2 PCD, JF HL ROS & &
(A8 4k 2= 50 PCD #EFE , WIS B X KB - 7ET
BEar, 2S5 EMROS A YA KA
FI,H 2 £ T ROS H HAE ST EEY, BN
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BN LEATIEFT R, 28 T AN AL E 7K Ak EE R %
MRAE KA 10 d AR 7 A /5 20 d 1 2 1
ROS & = FE & T 2 Wrid s B A R, 52
FEGT L PR BT S8 AN BTG P AR A TP AR AS s IR B oK
W5 20 dEE M ROS &M & T RE MG 10 d,
I H AT S R0 A Tty A4 9 ol = 5 e P o ] B
PR, I R 5 yE M R B AR 2 B ARG, S A
Fifg i M AR R O . X SR A SPGB —
o Ul BEE T e R, R PUR GRS
JELLIERR Z A ROS , T 20 PCD 3EFE

XI5 B RN B R A M V& R e 85 X 4 T B
Ao S i & T £ 30 PCD, A3 36 38 1 A7 i 1)
J7DAPI 45, TUNEL 5l \DNA laddering 3t}
LI 250 . AT FLEE RR, BX 4O 2 B &
T B 1¥ PCD RHIE , B A 25 X 40 B (1) % &g , PCD %
FEARWTRA . TUNEL I A1 DNA o6 A I (1) 45 18
414 ) BH 5 X 41 B AE T2 1 PCD R AE 3R 4L 1 78 2 1
EHE .

4 ZE B

ZR ERTIR LA R SU1E A A B it
RIS AN R 3, T 5 8 ) T A 2 =2 e v R
AW, I HLBE T 5 e A0 el = 15 ROS 5 &
T T B A I BT B AT 52 i ] X
R PCD RS , e itk & 3L 7 Bt v
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