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A study on the physiological responses of Malus hupenensis to exogenous

silicon treatment under drought stress
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hui City, Tianshui 741000, Gansu, China)

Abstract: [Objective]l Mauls domestica Mill. is the most important deciduous fruit tree in the world,
which is well adapted to the climate of the loess plateau in Northwest China with sufficient sunlight and
great diurnal temperature difference. The northwestern region is the best ecological area for apple culti-
vation, but there are many adverse environmental factors, such as drought, have caused huge losses in
agricultural production, and seriously threaten the sustainable development of the apple industry. It is of
great significance to select suitable treatments to control the size of trees canopy, enhance resistance to
diseases and abiostresses. Many studies have shown that spraying with SA, ABA or SE promotes the
growth of apple seedlings under drought stress, improves the structure of trees and the photosynthetic

characteristics of leaves, which can effectively alleviate the damage of drought stress on plants. With
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seedlings of Malus hupenensis seedlings at 8 leaf ages as the experimental material, the effects of exoge-
nous silicon (Si) on the physiological characteristics of apple rootstock under drought stress were stud-
ied by spraying sodium silicate at different concentrations. [Methods1When the seedlings of M. hupe-
nensis grew to 4-leaf age, they were moved into pots with the same size and the same weight of nutrient
soil. Intact and uniform M. hupenensis with 8 true leaves were selected for the drought stress experi-
ment. The soil moisture was controlled by weighing method, and the severity of drought stress in-
creased with elongated drought. At the same time, Na,SiO; - 9H,O solutions of 0, 1.25, 2.5, 3.75 and 5
mmol - L were sprayed. When the field capacity was 50% and normal water (CK) soil maintained 75%
of the field capacity, spraying was stopped. Treatments including normal irrigation (CK), drought stress
(T1), drought stress + 1.25 mmol - L' Na,SiO; - 9H,O (T2), drought stress + 2.5 mmol - L' Na,SiO; - 9H,O
(T3), drought stress + 3.75 mmol - L' Na,SiO; - 9H,O (T4), drought stress + 5.0 mmol - L' Na,SiO; - 9H,0
(TS) were set for the experiment, which lasted for 20 days. The effects of these treatments on photosyn-
thetic characteristic indices [such as net photosynthetic rate (P,), stomatal conductance (G,), transpira-
tion rate (7;) and intercellular CO, concentration(C;)], chlorophyll fluorescence parameters [such as Ini-
tial fluorescence (F,), maximum fluorescence (F.), the maximum light conversion rate of PSII (F./F.)
and photosynthetic electron transfer rate (ETR)], chlorophyll content (SPAD), proline content (Pro), su-
peroxide dismutase (SOD), malondialdehyde (MDA) were determined every five days from the day of
treatment. Finally, multiple indicators were analyzed using the correlation analysis method and princi-
pal component analysis. [Results]With the prolongation of drought stress, C, MDA and Pro increased,
while P,, G, T, F., F\/F., ETR and SPAD showed a decreased trend. Besides, as the drought stress ex-
tended, Fo first decreased and then increased, while the activity of SOD increased first and then de-
creased. With the silicon treatments, the declines or increases in the above leaf indexes were significant-
ly lower than that CK, and there was an obvious concentration effect. Under T4 (3.75 mmol - L"), the
SPAD, P., G, F\/F.., ETR and SOD demonstrated minimum drop and were significantly higher than un-
der T1, while MDA in T4 had the smallest increase and was significantly lower than in T1 and CK,
while Pro had the largest increase and was significantly higher than that in T1. The correlation analysis
of the 12 indexes displayed that P, was positively correlated with SPAD, G,, T, F./F., F,, F.., ETR, Pro
and SOD, but negatively correlated with C; and MDA. Principal component analysis was performed on
these 12 indicators, and three principal components with feature value >1 were extracted, whose eigen-
values were 8.366, 2.370 and 1.060, respectively. The variance contribution rates of the first, second
and third principal components were 69.719%, 19.754% and 8.834%, respectively, and the cumulative
variance contribution rate reached 98.307%, which met the analysis requirements. The comprehensive
analysis showed that the effects of exogenous silicon treatments on the physiological characteristics of
M. hupenensis were in the order of T4 > T3 > T5 > T2 > T1.[Conclusion]Exogenous silicon could alle-
viate drought stress by regulating osmotic substances, eliminating reactive oxygen species, activating
antioxidant enzymes, and improving heat dissipation with improved light protection. The treatment of
3.75 mmol- L' sodium silicate could alleviate the drought stress by improving the photosynthetic capaci-
ty, antioxidant enzyme activity and the stability of the membrane.

Key words: Malus hupenensis; Silicon treatment; Drought stress; Photosynthetic; Drought tolerance;

Principal component analysis
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Table 1 The correlation analysis of various indexes of M. hupenensis under different treatments
P, T, G G, Pro SOD MDA SPAD F, Fu F.J/Fu ETR
P, 1
T; 0.646 1
G -0.687 -0.983%* 1
G. 0.329 0.835% -0.843* 1
Pro 0.914%* 0.707 -0.710 0.247 1
SOD 0.803* 0.442 -0.38 -0.004 0.843* 1
MDA  -0.830* -0.503 0.63 -0.439 -0.612 -0.347 1
SPAD 0.972%* 0.749 -0.804* 0.524 0.857* 0.670 -0.893* 1
F 0.751 0.612 -0.732 0.637 0.529 0.224 -0.969**  0.867* 1
F, 0.480 0.917*%*  -0.93** 0.981%*  0.425 0.141 -0.536 0.654 0.706 1
FJF. 0.916%* 0.741 -0.822%* 0.594 0.772 0.515 -0.946%*  0.981%*%  (0.944%** 0.708 1
ETR 0.879* 0.453 -0.418 0.054 0.850* 0.982**  -0.496 0.764 0.374 0.197  0.629 1

TE RN R (p < 0.05) s #F RS AH R M 2 (p < 0.01).

Note: * indicates significant correlation (p < 0.05); ** indicates extremely significant correlation(p < 0.01).

252 EmRHSH/MN NGV TR ENE T AFEK
JEE AR NP B % B A e D A B e SRR, 8
Joih 3 Ab B S A O (1) 12 AN B AR EAT 3 o 4 i, SR X
FREAE R T 10934 FHdy , HARFIEAE 73991 8.366
2.370.1.060(£2). #— F R T ZE DTk A
IR N 69.719%+19.754%.8.834% , B it 5 ZTTHRR

NN

1L E198.307%, A MK, F28R, 5 —F K
73 (PCD%EE T PouTin CiPros MDA, SPAD . Fys Fus
F/F. A ETRIX 9 M abr 4 B, 8 = F s (PC2)
2587 G SOD $E 5115 B .

LEE15 57 (F) A E 15 70 5 X B 5T ik 26
[ e FR 2 A1, Bl : F=F1x69.719%+F2x 19.754%+F3x
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Table 2 Total variance explained

ez A Load

Index PCI PC2 PC3
P, 0.928 0.359 -0.103
T, 0.859 -0.300 0.405
G -0.899 0.338 -0.237
G, 0.649 -0.710 0.199
Pro 0.850 0.410 0.187
SOD 0.627 0.702 0.310
MDA -0.838 0.010 0.545
SPAD 0.982 0.130 -0.132
F, 0.851 -0.242 -0.465
Fu 0.770 -0.596 0.208
FJF, 0.969 -0.022 -0.245
ETR 0.706 0.664 0.156
FHER Eiges values 8.366 2370 1.060
J7 ZE TR 69.719 19.754 8.834
Proportion of variance/%

FAHT7 DT 69.719 89.472 98.307

Cumulative variance/%

7 :PC1.PC2.PC3 73 R E Ry 1 ERr 20 B 30 T
[A.

Note: PC1,PC2 and PC3 respectively indicate: principal component

1, principal component 2, principal component 3. The same below.

8.834%. FHFR 3 WA, T B A AEAS [F AL HE T 148
B55 51 9 N-1.144(T1).-0.283(T2).0.414(T3)
0.662(T4).0.353(T5) . Kk, FRWria FARKE
AR5 T T & 2 A IR M A S e HE A K IR
T4>T3>T5>T2>Tl,

x3 TRLETEEMRHNESEIRHE
Table 3 The comprehensive score and ranking of M.

hupenensis under different treatments

C e o LA
A ga i
oSt Principal component score 1353 (F)
Compreh-
Treatments Compreh- .
ensive score C ol ve SCOT€
PCI(F1) PC2(F2) PC3(F3) ranking
Tl -1.56791 0.031 06 -0.683 06 -1.144 5
T2 -0.170 07 -1.038 67 0.464 33 -0.283 4
T3 0.846 87 -0.95160 0.14059 0.414 2
T4 0.89193 0.761 17 -1.24448 0.662 1
TS -0.000 81 1.198 04 1.32262 0.353 3
300 i

JeE R R AR P A RE BRI T
REFEIPE LR Y], TR AT A e A R BE
AR IE] COLMRIE , SEM T FL 3 L, S A Py B AR, A

MANHIE AR A ER . AR, S T 2 Whia
INF 8] () 8 K, F & FH 2% 1) SPAD 5 R & %h, nl fE &
T 5 38 T B 2 AR 8 AN [R] R BE 1 U
W PR S, SPAD & & 2 FFHIRAS , R SMERE ] LA
RMGRX T . X5 T #I7E N RIARE
PEIR « JLIOHE R RV AR I S s R — 2. Ak,
HMIEREAC IR AR T 5 18 0) - R A I SRR R
AR AT ORFF LS50 1) e BV . ARSI A G 23
T B , P, 55 SPAD ) 2 35 IE A<, U0 B 7 B B 2%
SPAD & & FEIK 26 & /E I 32 B4 i i S 2R &=
Farquhar 5" A GG 2 F 1 F 2 HE LR
AL E AL PR B, AL RS2 T COE N 32
BELAS i 0, JE AL IR 36 2 e T A gl B AL AL A o) fe
ZRFME . AFRE, T2WE T, a5
) G T BRI FIR PEBESE C BT, U BAE T 2
AT T B2 PR B2 B AR AFL R i A 2 1
FSCIR, BT B 25 e PR 20 B A v 1 AR 5 L S, 3 m
e 2T 5 Whie g E AL DS AR 2 B,
SR PEAR T (0 & R S 5 R IR SCIR PR 1A DG T
WE T, B ST E G CO R 2218 it
AR RADEAHR NES l d A [FHR BE S NI it
Si &b, P E A CIHIE R N TRt A3 P
G\ Tt iy, W Sl 1 i P4 Y S0 1 )i
FEBRAG, N2 P B AT A 1 Gl %, X 5257
75 S PRI SR A R OK T 5B T AT 9T 2 SR — B
2R R DO AEY) R BT 5P E J5 1) — Fh B AR
W T B ™o Fos Fu/Fo B2 AR A BB SR A0 A8 A
5 LRI AT BE I E AR L™ BF TR, FoTh iy, R
71 PS TT R H 0 T8 52 Bl SR B8R]35 235, Fo B AR, 3%
7N PSR E 0 3 K AR R, 8 PSTT (1) v A 08
AE 1 R FEC FJF, BEAR B R AR A 7o BT,
AIREPS I L& 1 B IR, ARSLIGah K, il
F W38 I (0] () ZE K, Fo Fu/F o ETR 333857 B AR, HL
BT CK, W R a5l 1 oemsl iR k.
FofE0~10 d T [, 1X ] 58 A2 ~F & 8 25 2h i i e
FOI] , 38 Gk 6 REA% K PS IT S B Ry T8 Fu/F,,
7E 10~15 d B 235 N F%, T FofE 10 d LA 1% B 7t
HH 33 e B 5% ) D IR T i 2 5 e X PS TT R
UG I 1 R I T I8 AN R B A Ak
R, BEAR T Wi IR £ 1 T LK Fo FU/F ETR
) e, 150 B 3 A BE PR v DU S % e T 5
Jilp 5 & 2 A PS T Ak 5465, i #2
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FEREF AL R A F AR N T AR $
P BRI R . XS5 AREHE KL
ORI YDA A R AIF T 45 FARL, 5 P L 207
EEF A I SOl A — 3. AR TR I, FUF,
5P RWEEIEMX,ETRS P, 2 W& EME, it
W] FJ/F. A1 ETR 55661 H 53 A ¢, FIE PR R
AT DUE I WA D 0 52 68 00 11 B R AR
15 M (ROS) A2 HE W 1R P 1 v ik R AL B

MR BRI B AL A D S FREY . B H W RE % 35
A EE T A S T R S R A RS R
£, LUERBE G, fRFF ROS P2 4E 5T R4
AT, Schmidt B 7L 2 BE , I [ W it Aok
Fig Eh AT 4 = T R e AR R SOD VEPE . AR
W, T A T F B4 SOD i P 2 3% T IF,
A [ R BT AN R AL B, 7 & Bl 2R SOD i
3T AR AL B, 1X FT fE A A G 5 T P
A ALY BE HONE P I 3 ROS T4 B2 SR U6l 55 4 i 1) 801k
P BERREE, R T BRI R R, X5 X85
SOV LA P R v B PR R U S L DR
BiEtE R RN AS R . YHEYEET %
T A I, ROS AR U 1 20 745 P i 8 2 8 T BTN
(MDA B 2R RIS R B, R A UK 43
JE R B9 757K 11 F0 B PG B A AR 5% MDA & & 5000 T
B 1 23%121%. AHEFEERM, e T &5
# MDA & & 5 b 5, v e o it ik Ak 2 5 0] R
AH L, T4(25.2%) FHiiE 2 35K T T1(32.9%) , & B iE
I AR RE A B RE AT LR R MDA & & 7 H L, X 550
N S VE S L A R I g 5 AR [, T R AR
I T T & AR OR Y B E 1 J AE M RE  AR e
PE e — AR R T T R iaE . 48
B4 S ORI 5T R L, 45 K AR B (3~9 d) I /K FE AR &R A
o Bl R S5 A LIS I W 1T 53 1 K P 35 K
Mo ITIE R Ry S oA Y N N e L
BRI A IR & 2 2R B AR, HAE M
815 d J5 , Pro & & 28 L, X T R 2 T S a5
EC R T 23 2 R ST A R U R ok d
oA [ 94 P AP YRR AL B, ST B B2 AR Pro B &
3w T AR AR AL B, 3 UE B AR RE T (2 kT & A
RBE WYL EIGIN, X tEEES 5
AR AEAGE R TR Y BT & . IX 5 TR IR A5
T IR B 4 T R0 Y75 I A5 S R G o O 7 4 SR
FH—E.

TN 05 1 52 %2 Fp AR B IR 2R SR A T, AR
6 38 3 7 B A A 12 AN AR B AR AR AT PR R
M, 388 3k AH S PR 3 B A) 2 A AR RE T TR &
FHAS U PR AR BB b, RIS AT 0, TR e T
AN TR AMJSRE X 1 B2 A% AE AR 4 (1) R e HE 44 1K
R :T4>T3>T5>T2>Tl. FEI, s %
i MDA AR S F0 B/ FL T S m b s AL B vE 1
T Pro M1 SPAD & &R R FF LG RGN H SIEE
(P BN, 3850 A A 5 ) e e MRk B R AR T 2
SER iR A

4 %5 w

T RWE T, ANE e @ B E Y TR
EMER BB PUEALEE RS, 18 S AR ELRE 77, SEI
HIRI R R Wi S B, B AKE
RU¥ie 3.75 mmol - L AFERR BN B0 4F (1) 5035 1 5
R B E AL S B8 R BUE A B 1 2
A WIS ) R T AT S 3
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