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Effects of exogenous melatonin on the uptake and utilization of nutrients

in Malus hupehensis seedlings under replant stress
HE Xiaolong, LIU Huaite, ZHANG Jiran, SHANG Yuwei, ZHOU Shasha, LI Zhongyong, ZHANG

Xueying, XU Jizhong', LIANG Bowen’
(College of Horticulture, Hebei Agricultural University, Baoding 071000, Hebei China)

Abstract: [ObjectiveJApple replant disease (ARD) is a common soil-borne disease that decreases plant
growth, increases damage by predatory insects, and decreases apple yield and quality. Current research
on preventing and treating ARD mainly focuses on changes in the physical and chemical properties, me-
tabolites, and microbial community structure of the rhizospheric soil. In contrast, few studies have fo-
cused on plant mineral nutrient absorption. In the present study, we investigated the effects of exoge-
nous melatonin on the absorption, utilization, and accumulation of mineral elements in Malus hupehen-
sis Rehd. under replant stress in order to provide a theoretical basis and technical support for the preven-
tion and treatment of ARD. [Methods]In a pot experiment, 400 healthy M. hupehensis seedlings were
planted in June, 2021 at the innovation experimental base of Hebei Agricultural University (38° 230 N,
115° 280 E). The seedlings were divided into four groups: plants grown in ‘healthy’ soil (CK); melato-
nin control, plants grown in ‘healthy’ soil containing 200 umol - L' melatonin (MCK), plants grown in
‘replant” soil (ST), and plants grown in ‘replant” soil containing 200 pmol - L' melatonin (MST). Mela-
tonin (200 umol - L") was supplemented every 7 days from June to October, 2021. The growth and min-
eral element contents of the seedlings were analyzed after 120 days of experienment. The indices includ-
ed dry weight and mineral element concentration, absorption, transfer, accumulation, and distribution in

roots, stems, and leaves. Finally, the Mantel test was used to analyze the correlation between the miner-
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al element content and the dry weight in each part of the M. hupehensis seedlings. [Results] The exoge-
nous melatonin significantly increased the dry weight of the roots, stems and leaves of M. hupehensis
seedlings under replant stress compared with the ST plants, by 44.19%, 67.63% and 81.67%, respective-
ly. Additionally, the concentration of mineral elements differed significantly among treatments. Com-
pared with the ST plants, the MST plants showed significantly increased the concentrations of N, P and
Mn in the roots and stems, and N, P, Ca, Mg and Mn in the leaves, as well as significantly decreased the
concentrations of Fe, Zn, Cu and B in the roots, K, Fe and B in the stems, and Fe, Zn and Cu in the
leaves. The replant stress significantly inhibited the absorption of the macroelements N, P, K, Ca, and
Mg by 74.04%, 56.46%, 61.17%, 57.96%, and 56.50%, respectively, as well as that of the microele-
ments Fe, Zn, Cu, Mn, and B by 49.49%, 54.28 %, 37.57%, 46.05% and 58.91%, respectively, com-
pared with the control plants. However, the application of the exogenous melatonin significantly re-
duced this inhibition and promoted the plant nutrient absorption. In terms of the nutrient transfer and ac-
cumulation, compared with the ST plants, the application of the exogenous melatonin under replant
stress significantly increased the accumulation of N, P, and Mn in the roots by 34.52%, 20.03% and
23.73%, respectively, while it significantly decreased the accumulation of Fe, Zn and B by 25.34%,
22.72% and 61.62%, respectively. Additionally, the exogenous application of melatonin affected the
transfer rate of these elements to the leaves and stems. The transfer rate of all the elements (except B
and Zn) to the leaves and stems increased significantly. Regarding nutrient distribution, the application
of the exogenous melatonin under replant stress increased the distribution ratio of almost all the ele-
ments in the roots, stems, and leaves. Compared with the ST plants, the contents of N, P, K, Ca, Mg, Zn,
Cu and Mn in the roots of the MST plants increased by 76.13%, 59.62%, 34.30%, 43.43%, 44.21%,
3.17%, 13.11% and 63.63%, respectively, while the contents of N, P, K, Ca, Mg, Fe, Zn, Cu, Mn and B
increased by 73.78%, 69.29%, 48.74 %, 57.21%, 69.46 %, 30.86 %, 36.49 %, 45.81%, 121.08% and
41.42% in the stems, and by 128.15%, 119.16 %, 79.73%, 95.63%, 113.28%, 12.81 %, 26.70%,
47.85%, 103.23% and 62.08% in the leaves, respectively. The Mantel test and Pearson correlation analy-
sis showed that after 120 days of treatment, the mineral elements in M. hupehensis plants were positive-
ly correlated with the dry weight of each part, and also showed positive correlation with each other. The
N content was significantly positively correlated with K, Ca, Mg, Zn and B contents. The P content was
significantly and positively correlated with the Ca and Mg contents. The K content was positively corre-
lated with Ca, Mg, Zn and B contents. Moreover, there were significant positive correlations between
the contents of Ca and Mg, Mg and Cu, Fe and Zn, Zn and B, and Cu and Mn. In addition, the dry
weight of each plant part exhibited significant positive correlations with the N, P, K, Ca, Mg, Zn, and B
contents, but not with the Fe, Cu or Mn contents. [Conclusion] The exogenous application of 200
umol - L' melatonin under replant stress would regulate the absorption and accumulation of mineral ele-
ments, and promote plant growth. These findings would provide a theoretical framework for understand-
ing how melatonin regulates the nutrient absorption of M. hupehensis seedlings under replant stress, as
well as a theoretical basis and technical information for preventing and treating ARD.

Key words: Malus hupehensis Rhed.; Melatonin; Replant stress; Nutrient absorption
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F1 EEPMETIHINFHRERLIE 120 d X FEFF
Y E KIS
Table 1 Effects of exogenous melatonin treatment for 120
days on the growth of M. hupehensis seedlings under replant

stress
b3 iR i ESN/ - o
Treatment Root dry mass/g  Stem dry mass/g ~ Leaf dry mass/g
CK 9.97+0.80 a 3.48+0.32 a 5.73£0.05 a
MCK 11.87+1.17 a 4.05£0.44 a 6.82+0.80 a
ST 5.16+0.50 ¢ 1.73+£0.10 ¢ 2.40+0.39 ¢
MST 7.44+0.14 b 2.69+0.07 b 4.36+0.20 b

T B P E AR HEZE R, 3 IR, AT AR NS F R OR
FFAERE 75 (p<0.05). CK R4 KM LI MCK &
SRR BRAERTETR I 200 pmol - L 4R MR 4 2 L3 s ST SRRk bk
AEARAETE A LI MST ORI AN 200 pmol - L™ 48 H& 2K 11
HELE D FEL

Note: Data are means + standard deviation (n=3). Bars not labeled
with same letter indicate significant differences at p<<0.05, based on
Tukey’ s multiple range tests. CK, plants grown with control soil;
MCK, plants grown in control soil with 200 pmol - L' melatonin; ST,
plants grown in replant soil; MST, plants grown in replant soil with

200 pmol - L' melatonin. The same below.

=2
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Table 2 Effects of exogenous melatonin treatment for 120 days on concentration of nutritional elements in roots of

M. hupehensis seedlings under replant stress

AbEg w(N)/ w(P)/ w(K)/ w(Ca)/ wMg)/  w(Fe)/ w(Zn)/ w(Cu)/ wMn)/  w(B)/
Treatment (mg-g" (mg-g" (mg-g" (mg-g"  (mg-g"h (pg-gh (ug-gh (pg-gh (ng g (pg-gh
CK 5.51+ 1.09+ 3.70+ 3.81+ 1.15+ 1 196.54+ 9.55+ 11.37+ 2741+ 16.43+
024 a 0.03b 0.12a 0.05b 0.03b 66.33 b 0.68b 1.97b 1.20d 0.10a
MCK 495+ 1.09+ 3.61+ 4.09+ 1.30+ 1019.49+ 9.66+ 12.80+ 60.52+ 10.80+
042a 0.04 b 0.19a 0.09 ab 0.02b 27.98 ¢ 0.98 b 0.42b 1.77 a 023 ¢
ST 3.17+ 1.17+ 3.82+ 4.49+ 1.54+ 144821+ 11.51+ 16.73+ 46.60+ 14.52+
0.18 ¢ 0.22b 0.01 a 0.17 a 0.12a 38.85a 0.23 a 0.59a 295¢ 1.27b
MST 3.86+ 1.29+ 3.56+ 445+« 1.54+ 1000.51+ 8.22+ 13.10+ 52.81+ 5.25+
0.08 b 0.04 a 0.12a 0.25a 0.05a 40.40 ¢ 0.18b 1.15b 2.86b 0.52d

W 3 FroR , 374 W 38 R B BE 6% 52 i 25 i i
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JE AL FEAE AR AR LY, 357 38 R N 2 AR R
Frm 7T ZFHNGP A Mo & &, s T 11.83%-
9.38% 11 42.29% ; Wi % F&AIC T 22 K Fe M B [ &
B0 MIBEIK T 4.08% . 15.73% M1 8.96% , 1H X} Ca.
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Table 3 Effects of exogenous melatonin treatment for 120 days on concentration of nutritional elements in stem of

M. hupehensis seedlings under replant stress

Ab R

Treat- w(N)/ w(P)/ w(K)/ w(Ca)/ wMg)/  w(Fe)/ w(Zn)/ w(Cw)/ w(Mn)/ w(B)/

ment (mg-g" (mg-g") (mg-g" (mg-g" (mg-g"  (pg-gh (pg-g" (pg-gh (pg-gh (pg-gh

CK 6.01+0.28 a 0.92+0.01 b 3.824+0.02a 11.34+0.33 b 1.36+0.06 a 233.68+3.14 a 23.05+1.60a 7.29+0.28 a 15.68+0.41 ¢ 42.79+1.39 b
MCK  5.66+0.31a 0.93+0.03b 3.75+0.09 ab 10.84+0.16 b 1.324+0.04 a 229.76+£5.92 a 19.9942.46 ab 6.88+0.23 a 22.68+0.76 a 44.47+3.04 b
ST 5.07+£0.06 b 0.96+0.03 b 3.68+0.14 ab 12.50+0.21 a 1.314+0.04 a 184.59+7.52 b 17.64+1.13 bc 6.14+0.38 a 14.78+0.39 ¢ 50.14+1.68 a
MST  5.67+0.11 a 1.05+£0.03 a 3.53+0.08 b 12.66+0.23 a 1.314+0.04 a 155.55+4.62 ¢ 15.50+0.27 ¢ 5.76+0.07 a 21.03+0.27 b 45.65+0.66 ab

F4 EEMETINRERERLIE 120 d X FEMELEM FHH RITRKRENZE

Table 4 Effects of exogenous melatonin treatment for 120 days on concentration of nutritional elements in leaves of

M. hupehensis seedlings under replant stress

b

AR w(N)/ w(P)/ w(K)/ w(Ca)/ wMg)/  w(Fe)/ w(Zn)/ w(Cuw)/ w(Mn)/ w(B)/
Treat- -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
ment  (M&'gY  (mgrgh  (mgrgh  (mgrgh (mg-g"  (ug-g" (ng-gh (ng gD (ug-gh (ng-gh
CK  10.50£0.77a 1.18£0.05¢ 5.66+0.11a 11.65+0.28 c 2.48+0.04 b 169.65+4.06 b 17.73+0.40 bc 4.02+0.11 ¢32.67+1.02 ab 27.01+2.09 a
MCK  10.72+0.77 a 1.25£0.12 b 5.77+0.11 a 11.42+0.05 be 2.51£0.01 b 175.63+4.54 b 15.53+0.28 ¢ 4.04+£0.27 ¢27.35:1.05¢ 29.62+2.13 a
ST 7.59+032b1.42+0.03b 5.52+0.18a 12.30:020b 2.49+0.03 b 294.42+19.01 a27.24+2.48 a 11.01£0.30 a31.11:0.82b 30.77+2.01a
MST  9.52+0.19a 1.71£0.03 a 5.46+0.07a 13.24+038a 2.93+0.02a 182.68+5.78 b 18.9840.49b  8.96+0.27 b34.78+1.08a 27.43+1.85a

56.46%61.17%57.96%11 56.50% . {H.jiti fin & 5 #ik
U N U ATE S SIS E I e S ER )i
A0 U5 R B R PR A W U B R A3 i R AR T 41.61%
11.13%+32.83%-19.50% 11 14.20% . & 7 [pid [ S
9, 30 35 S0 ) TR R R R s R TR (B 1-F~D)e
5 6} HR R AR AH L, 25 75 P38 X 7 & 70 % FeZn\ Cu,
Mn 1 B ) W Y & 73 Al B AR T 49.49%  54.28% -
37.57%-46.05%H158.91%. {B1E F % i N it n sk
TEAR 2 2R AR 0% I S (R R A LRI, 5 ST AR K
AH EE , MST 8 # 1 W Wi & 23 0 i 1 16.15%
36.21%.40.47%-101.09%#136.07%.
24 FEEHEMETIINEREZMNFLEMRSEY KR
TLREZ AR

Wik 2 fros, B4 W a AR B 2E S T K& T
FHUMEBICRAERT MR RS, 5K R 1E
HH R R R AH EE B B R R AR o Mg Fe. Zn. Cu
A Mn IR R BT T 17.38%-2.87%+4.95%
29.86%F151.64% , {H N K F1 B [ R 557l 55 3% [F
KT 51.46%-10.29%F123.84%. EE 75 [Hirif N it in4h
JRAR B e B2 S AR R NP A Mn R R &,
Sy TFE T 34.52%+20.03%K11 23.73% , I {2 35 BEAIC
7 FesZn MBI R &, 75 4 T & 1 25.34%
22.72%H161.62%. Fi4b, EHEIEFZ W 475G
Ay 2R h R RS [ 2, BR B M Zn T R4 N

P.K.Ca.Mg.Fe.Zn Al Cu [F] i J5 R 25 Hr 52 1) il %
PR PR, IbAh, 578 B A R R AR K R AR A
BNy YIS - AL I w6 vy [ 1) A
HREE RS H TR, B B AN Zn G &R C B R Ah, A
TG ER Ay A28 e 1 T 2R ) 2 2 v
25 EEHEMEBTHNERERITFEEHRIET K
TR E RIS

AEPR 120 d J5 , 0BG R AEAR 25 TR 2 P %
ASAHTE , HoA PUK Fe Cu fl Mn [ EEAR i =
N.Ca.Mg Ml Zn 1) & EAEM 5 2, 1T BAEZEH K
stz (B3). Wl 3 Fros, B35 a3 s el
W5 70 F AL AR ZE 11 LU A 35 I 35 PRI, 5 1 % R
FEARAR L, ST HARAR 25 .1 7 N P.K.Ca.Mg.Fe.
Zn.Cu.Mn 1 B 1) & 537 T % 1 70.3%58.17%
69.73% ,44.45% 47.96% 49.58% , 46.65% . 52.08%
59.12%,39.09% 45.26% 55.74% » 30.45% . 52.42%
57.87%37.44%60.77%27.27% » 37.69% 61.99%
35.62%,23.52%-58.20%+ 14.96% , 12.11%, 53.21%-
60.09%F154.31%-41.8%+52.26%. MANELE Wil |
HMJE I 200 pmol - L #il 2 2R BEAE 1G In LT By A )t
FICRIEMZE R A b 54K AR E I 15
R AR AR B, MST M AR AR 1 NP K Ca.Mg.Zn.
Cu-Mn &&= $E M T 76.13%-59.62%+34.30%-
43.43%44.21%-3.17%- 13.11%F1 63.63% , 2=+ N,
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