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Response of two Artocarpus species seedlings to flooding stress and evalu-
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Abstract: [Objective] Hainan has a tropical maritime monsoon climate with distinct dry and wet sea-
sons, with concentrated rainfall from June to October. The rainfall is heavy and frequent. Therefore, sea-
sonal waterlogging has become one of the major threats to crops in Hainan. Woody crops have a large

biomass and slow response to waterlogging, which is often overlooked. As waterlogging time prolongs,
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the harm of waterlogging stress becomes increasingly prominent. This study aimed to investigate the re-
sponses of two Artocarpus species to different degrees of flooding stress, and comprehensively evaluate
their waterlogging tolerance, so as to provide a theoretical basis for the study on waterlogging resis-
tance of woody food crops. [Methods]) Jackfruit (Artocarpus heterophyllus Lam.) and breadfruit [Arto-
carpus altilis (Parkinson) Fosberg], two Artocarpus species, were used as experimental materials, and
the pot flooding test was carried out by the ‘double pot method’. The experiment was designed as five
treatments, i.e., normal water management (seedlings were flooded for 0 h) and flooded for 24 h, 48 h,
72 h, and 96 h. The plants treated with flooding were watered thoroughly to ensure that the water level
exceeded the soil surface by about 2 cm. Afterwards, water was replenished daily to keep the roots in a
saturated flooded state. After the first watering of the control plants, a certain amount of water should
be replenished every 3 days to maintain the overall soil moisture content at 60% to 80% of the maxi-
mum field capacity. The changes of biomass, photosynthetic characteristics and antioxidant enzyme ac-
tivities of jackfruit and breadfruit in different flooding times were investigated, and the waterlogging tol-
erance was evaluated by factor analysis and membership function methods. [Results] Flooding for 24 h
significantly inhibited the aboveground dry weight and photosynthetic parameters of jackfruit seedlings,
and the chlorophyll content also significantly decreased. Stomatal conductance (G;), intercellular CO;
concentration (C;), and transpiration rate (7;) increased after flooding for 72 h. The biomass of bread-
fruit seedlings significantly decreased after flooding for 24 h, and showed a significant increase trend af-
ter flooding for 72 h. The chlorophyll a, b, and (a+b) contents reached the lowest values, with decreas-
es of 23.64%, 78.17%, and 31.96%, respectively, compared to the 0-hour flooding treatment. The net
photosynthetic rate (P,), G, C;, and T; of breadfruit seedlings showed an increasing trend after flooding
for 24 h, while photosynthetic parameters and antioxidant enzyme activity showed significant inhibition
after flooding for 72 h and 96 h, respectively. With the increase of flooding time, the aboveground and
total biomass of jackfruit seedlings increased first and then decreased, the underground and root/shoot
ratio increased, the P,, G, and T; decreased, and the antioxidant enzyme activity increased. The P,, G,
and T; of breadfruit seedlings reached their maximum values at 24 hours of flooding and then continued
to decrease, while the activities of CAT, POD, and SOD enzyme activity showed an increasing trend
and then decreasing, reaching their highest values at 72 hours of flooding with the proportions of in-
crease compared to 0 hours of flooding were 234.49%, 317.68%, and 251.88%, respectively. Correla-
tion analysis was conducted on the waterlogging tolerance coefficients of various physiological indica-
tors, and six waterlogging tolerance evaluation indicators were selected, including P., G,, T;, CAT, POD,
and SOD. Principal component analysis showed that the variance contribution rates of the first two com-
prehensive indicators were 62.47% and 34.26%, respectively, with a total variance contribution rate of
96.73%, which basically included all the information of the measured indicators. Factor 1 had a signifi-
cant load on P,, G,, and T;, which was classified as a photosynthetic parameter. Factor 2 had a signifi-
cant load on CAT, POD, and SOD, classified as antioxidant enzyme activity. Factor analysis showed that
the order of waterlogging tolerance of jackfruit and breadfruit was: breadfruit —96 h>jackfruit -72 h>
breadfruit =72 h> jackfruit —96 h > breadfruit —48 h > breadfruit —24 h > jackfruit -48 h > jackfruit
—24 h. Membership function analysis showed that the waterlogging tolerance of two Artocarpus species
was from strong to weak: breadfruit —96 h>breadfruit - 24 h>breadfruit — 72 h>jackfruit -72 h>
breadfruit —48 h>jackfruit —96 h>jackfruit —48 h>jackfruit —24 h. Flooding stress significantly inhib-
ited the growth, photosynthetic characteristics and antioxidant enzyme activities of jackfruit. Breadfruit

had stronger waterlogging tolerance and response to flooding stress. [Conclusion] Flooding stress sig-
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nificantly inhibited the biomass, chlorophyll content, photosynthetic properties and antioxidant enzyme

activities of the two Artocarpus species. Jackfruit alleviates damage caused by flooding stress through

expanding root absorption, pigment regulation and increasing antioxidant enzyme activity, while bread-

fruit resists waterlogging by enhancing photosynthesis and antioxidant enzyme activity. In the compre-

hensive waterlogging tolerance score, breadfruit is better than jackfruit, which has stronger adaptive po-

tential in short-term and medium-term flooding environment and can be used as the preferred waterlog-

ging resistant rootstock, while jackfruit is more suitable for planting in areas with good drainage.
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Table 1 Seedling biomass of jackfruit and breadfruit under flooding stress

1ED) K 8] b B = bR = TR ek EE
Crop Flooding time/h Dry mass of shoot/g Dry mass of root/g Total dry mass/g Ratio of root/shoot/%
% 85 % Jackfruit 0 2.19+0.02a 1.52+0.05d 3.71+0.03 ¢ 0.69+0.03 d
24 1.87+0.04 b 2.68+0.14 a 4.55+0.19 a 1.43+0.04 ¢
48 1.01+0.03 d 1.78+0.05 ¢ 2.79+0.08 e 1.76+0.02 b
72 1.26+0.05 ¢ 2.78+0.09 a 4.04+0.05 b 2.2140.15a
96 1.06+0.13 d 2.3240.20 b 3.3840.25d 2.20+0.29 a
T {1 2R Breadfruit 0 8.54+0.26 a 3.88+£0.25a 12.42+0.32 a 0.45+£0.03 b
24 4.61+0.09 d 1.76+0.11 ¢ 6.37+0.20 ¢ 0.38+0.02 ¢
48 5.09+0.19 ¢ 1.68+0.10 ¢ 6.77£0.29 ¢ 0.33£0.01d
72 6.04+£0.17 b 3.13£0.26 b 9.17+0.42 b 0.52+0.03 a
96 3.63£0.22 ¢ 1.55+0.08 ¢ 5.18+0.26 d 0.43£0.03 b

T FFIAENG PR FRME AR A BEAE 0.05 KTV2ZREE. TR

Note: Different small letters in the same column indicates significant difference among different treatments of the same crop at 0.05 level. The

same below.
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Fig. 1 Chlorophyll content in leaves of jackfruit and breadfruit seedlings under flooding stress
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Fig. 2 Photosynthetic parameters in leaves of jackfruit and breadfruit seedlings under flooding stress

72 h #1196 h {3 FL S R HE K 24 h 4331 5. 35 1% TR 8 X 3 B R R R R AR T B
11 48.49%F1 43.52%. FIFMHIE H (B 2-D) , AN[F 7K I [R] AL BR 4S8 7K 0 h

9% B E A R CO M BB KB R K 2 43 i) 2 35 5K 58.25% + 56.36% ~ 38.98% F 59.07% o
SR TH i PR BRI AR 38 (B 2-C), Horpidiak 24 h THIED SR I A 110 295 i 3 % I 48 /I I I 4 K 52 5 T v
ELHEIK 0 h 2 PR AR 41.56%, HAL MK A B 5K JERAKEF S B  #E7K 0 ha24 h 48 hF] 2 5 A4
0h LR EZER. WK EX AR ME B3, %K 72 h 96 hy 1 2815 H Z5# K 24 h
COLIKFERZM A 2% 43 ) 55 3 A 43.60%F1 39.93%



530

B, A o 2 A 5 R ML 0 X A 7 B A 82 B T 5 A VA 1231

HE7K 24 h AR ) 9 8 S SR HIE B
(K 2-B), 57K 0 h i 3 7 155 60.14% , FHoAth #E 7K b
HS5W/K0hTLEEZESR. ASFEH /K AL EE ) R
A SALRBMEZ R AR E .
24 BIKBHEMEZZEMACRETHINEKEE
VER =0

I8 o VA 7K B TR ) B, 9 B i AR A

fitf (CAT) . it AL W il (POD) 13 480 1k W) 050 AL, il
(SOD) & 3 B F+ i #5 (&1 3) 5 H b 7K 48 h.
72 h A1 96 h [f] CAT % P 45 7K 0 h 43 31 & 2 42 &
52.06%-139.22%F1 168.52% , POD ¥ 11 43 51l it 3% 12
751 38.34% 180.46% A1 159.58% , SOD 3 11 43 Hl) & 3%
P75 28.27%  130.08% £ 147.42% , 1M #E 7K 24 h i
CAT.POD.SOD #E M 5#E/K 0 h 6B 3 2 7 .

[ 9% % Jackfruit [T 1 {2 5 Breadfiuit

A
140
a
~ 120 |
o0
= 100 |
i E b
=E sof
=y
5 % 60 |- c b a
= d
2 40 d q c
) d
2 | |:.
0
0 24 48 72 %
WE/K I 8] Flooding time/h
c 120 -
w 90 F
g
HD
EE 60 -
2%
N d
g8 30r d d
wn

POD ¥k

80 -
%, 60
g
2
B
=
g
8 20
[=%
0
0 24 43 72 96
/KIS 8] Flooding time/h
a
b
b a
cd

0 24
HEIKES 8] Flooding time/h

E3 #KHETESEZEMESRYEM AR ELEENT

Fig.3 Antioxidant enzyme activity in leaves of jackfruit and breadfruit seedlings under flooding stress
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Table 2 Variance decomposition principal component extraction analysis
VIGE N WA SR T
Initial eigenvalue Rotating of sum of the loads squares Extract of sum of the loads squares
Rz FETHRE R THRE TS R TR TS R TR
Component 5 {f Variance Accumulate LERORIEN Variance Accumulate  4FAE{H Variance Accumulate
Eigenvalue contribution  contribution Eigenvalue contribution contribution  Eigenvalue contribution  contribution
rate/% rate/% rate/% rate/% rate/% rate/%
1 3.748 62.469 62.469 2.931 48.849 48.849 3.748 62.469 62.469
2 2.056 34.264 96.733 2.873 47.885 96.733 2.056 34.264 96.733
3 0.108 1.794 98.528
4 0.059 0.990 99.518
5 0.026 0.438 99.956
6 0.003 0.044 100.000
®3 HREERTHERY 73 3 BA 2 AN BB TR B BT R R O o5 AL ER , A
Table 3 Load coefficients of factors after rotation T 45 381 3 T R 149 B 3 1140 o 5 3 A T /0, B i 3 1 2
b sy mr2 DR AR, B AR
Index Factor ] Factor2 . monality ¥=(0.488/0.967) % Y'+(0.479/0.967) % Y.
WAEE 093 0231 0933 A5 4/ MK IN 11 3 25 3 R0 6 519 s s )
Net photosynthetic rate R R Y N
/_:\‘}L%!:,—g{ 0.986 -0.106 0.983 %U{t]\ui/éﬁ ’ l+ﬁéi%{%% Y° EE%%S E@éﬁié\
Stomatal conductance P LT AL P BN T 596 h>
RN AR 0.986 -0.096  0.981 < o N - e
Transpiration rate 7)3%:% 72 h>ﬁ@‘% 72 h>7}§%§ﬁ 96 h>ﬁ@‘
el U U 0222 0965  0.980 =48 h>THELA-24 h> P8 B -48 h> B %24 h.
Catalase activity 262 HFREEIHFE S EITHEZESGF S KT
Tk AP 1 0.011 0.985  0.971 . . s " . .
Peroxidase activity 1% J5 B PR 8 bl S e R B aCTH B 9
R A B -0.239 0948 0.956 FOTH AL B 22 A PN E . 35 BT s 22 4 v

Superoxide dismutase activity

Wy DA AT 50, 55 R 2 A « T A0 596 h> T £,
R-24h>HER-72 h >33 E-72 h> A R-48 h>
W96 h> S % -48 h> %24 h.

x4 BETFEHERBGEN

Table 4 Score coefficients matrix of factors

k=g Br1 Br2 N N

Index Factor 1 Factor 2 3 Ld‘ L/E\x

DI LS 0.325 0.015 N B,

Net photosynthetic rate AT T AT FH S AR B B R 12K H s e Aa e BERE B

LR 0.356 0.068 5 PR PR SR SIZ 5 B B B T A ) A RO R v

Stomatal conductance PR A B I R R 1 T T e 7K i A

P e 0.357 0.072 o N TR R

Transpiration rate ST REPRUESEAE W — Uitk . K xHEYI 4t

S 0023 0343 PERATHIIE FHCT . AR S B 2 K T 2
atalase activity _— o .

Peroxidase acivit RS, 5 ARG D B 1) S SR ek

R AL A i 1 0.015 0.334

BEERE T HEESHORY R EMERR.
TR B AEHE K 24 hIFEDR B F3 R E R

Superoxide dismutase activity

Y:=0.015%P,+0.068 x G.+0.072x T,+0.343 x CAT+
0.376xPOD+0.334xSOD.

FERA TR IR I 57 R AN BB 242 20
Hh A R R S I 1 2 A AT A

Bée, 17 T S BRGNS i 1 AR R0 e 3K
(R R B WEZK 72 hoRT 96 h g 25 AR e L i 2
BNz v TR R R L LY, 2R 9 AR KK
57 N A RO A M AR R P BC et i
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x5 BEFOENMREBERBSITEGESITNE

Table S Comprehensive evaluation value of factors analysis method and membership function method

Kb A F4r#1i% Factor analysis )& B £ Membership function

Treatment Y, Y, Y HEJF Sorting X X, D& D value ¥ Sorting
WHHE-24N0 0.611 1.075 0.841 8 0.652 0.379 0.517 8
Jackfruit-24 h

W E-48h 0.681 1.539 1.106 7 0.925 0.538 0.733 7
Jackfruit-48 h

WHE-72h 0.998 2.745 1.864 2 2.059 1.199 1.633 4
Jackfruit-72 h

A 96 h 0.817 2.793 1.796 4 1.820 1.060 1.444 6
Jackfruit-96 h

MR-24h 1.434 1.234 1.335 6 2272 1.322 1.802 2
Breadfruit-24 h

M R-48 h 1.223 1.502 1.361 5 1.990 1.158 1.578 5
Breadfruit-48 h

MER-72h 1.130 2.602 1.859 3 2.142 1.247 1.699 3
Breadfruit-72 h

ME-96 h 1.420 3.990 2.693 1 3315 1.929 2.629 1
Breadfruit-96 h

HLE Weight 0.505 0.495

R 0 A A AN SR 73 Wi, 38 3o 9 1 AR IR AR R 3o 7
TP IE 5 X5 /N F2 U84 AR AR PR AR IR AT M T 2
VO RE Wi BERI P/ J - A BN [V R TR =¥ N )
(] PR SE K , 5 25 2 0 b B NS o S R 8 N
R AT I A= R e K B R . A EE
N TR TER K 24 hiE, ARV ok 2 TR
B E WK I (8] 3T, 2E W) B IZ I N , £E#E 7K
72 i IR B R . — BTN 7 14 Can KR8 X HE 7K 1
T N 2 AR 2 4H 5 ) A R R A S e R
T VE S T B o PR AR AR I 52 4 A E 0 AT e 2 2
K53 IR (0 L) 5 T @ B i 4%, {2
BT P e 2 T B SR 4 v e P R K Bl
Ry MLPEALARI R 75 5 AT A 5k — 2B W T
Hax R A AT e e R EE T, oy
AR M EER AR WK Pra s
2 PR SRR S R AR R IBOR AR E
WEEMN A RRTEECREETES, 5&
P EIEE HE K 0 TR R B KPR B2 RE 0 2R AL, 72 A 3]
IR e i B — 2 MR RE . T E 2R
MR & EAEMK 72 h I 235 R . X4 5
3B AT 7T R R R 2R R S R BON AR E N 45 TR
JERT L 5 2 AN [ 390 455 S R 470 € 2 A 52
PLHI T REAFAEZ S EERME T, A R W] Re i i
S v W 2 R PO I TR 4 RF T AR E S (ELAE HE K
BT, BREEIA TR RE TR SRR R B 2 AR R G

RS2 B P E A . THEL AR AEWE K 96 hi 4k R B
WAL 22 06} HE K P, 2% WA ) 7E K /K s T g dd i
PTG I 4 2R A R A O 5 R (1) R 08 S - 4 R K
P, SR, R E M GRS RIGARBNEE T
B, 2 B L Ik SR Ao e /K 38 B A — 1 RO
HE /7o

7K e B 2 F ) T g S E AR A E
o R B 7§t A 2 (P, BEHE 7K I ] ZE K HF
SN R, BRIEIA 55% , SALT B (G [RIZB BRI, A la]
CO MK JE(COFEHEK 24 h A1 48 hIFF T %, 5 e 452
SHEHA IRE R 458 — 8. A ALBR I F e &4
IR EER R, B CRE G, NIRRT, e A%
RN B 3 i A AL R P T B COL M AN 2 5] A,
SR, AEVE 7K 72 h A1 96 hinf, 3 88 2% ¢ feif BT+, <
FLBRHIME (Ls) T F& , 3R B /K 5 IR S FLBR il B
JeA AR T B 0 R R E, T RS WK S A
R AR IS FE AR B 5 K 52 45, 35 PS 1T R R HH 0
TR, BT AR A AR AR T TH LR
A6 R (PO FEREIK 24~48 hIFF A 5 35 F B4, 5
BAEHEK 72 h G IR FF IR KT, B CIa 4 F0E
TX 3 W THI B A VS K T BB 4 RF AR FL I ORI I A
MRS M L TR R K 43, AT R G R .
A, T A0 SR E 7K 96 hint PR [ AT BE 5 HE R )RS
AR T KA A IS 2 B A DR AR AT
Fer, T SR AE B ANV 7K W J R 30 A
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VEYLE 2 HE K W3 B, R N TE PR SR & B AN
THiE FECH EY TR R L TR EEE PR
1 22 G0 R BL A KIS R A, HEKEE T,
2 iV A 35 ot i i e AR A i O P R R A AR A
P 55 B A ) CAT\POD A1 SOD 3ifi P [ 8 7K I 1] 4iE
KRFS T, 30X 5 SR ORI R K OIS A P 7V K
R PUEA R S PERF S R A — 2. AR
PUAAGEEEE 2T G B a3 X P B A A A 5
7 At i 357 A 0 L 5 e S AR A W 82
I 5 WG S SR K B R 3 FESI Y SOD & 14
At — 5. B B RN A SR PR AR AR
A 22 5 AT REDR T 2 Fe A 400 8 7K B 3 P SR R R e
HUBIAS IR o 93 3 B8 AE R e /K Wl R A RE4E Fr iR
A8 481, i T /B, SR 40 3 B RT R A A R , L
XV PR LT R 1 T 0 A 0 B T i

VED I 55 14 52 22 > R 35 A A 3L Rl sz, 4
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Ko KA AT G , T ST /K ol A Fr0 335 7 1 v
T A E . AP, AR B S R B
A S0 VR 7K 0 M) 87 B 5

4 4w

TR K 1 JE X 2 o g 5 B U A W S AR R 2R )
BV HEGRE R DA R MU P B
IR o 2 Fep (A3 I AR AR e e 2T AR
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