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Evaluation of salt tolerance in hybrid progeny of apple rootstock

Malus prunifolia x G41
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Abstract: [Objective] With the influence of global climate change and human production activities,
the scope of soil salinization in China is expanding, and the suitable growth environment of apple
is weak acid or neutral soil. Soil salinization makes apple growth and fruit yield and quality face
many difficulties, affecting the development of apple industry in China, which has become one of
the important factors restricting the development of apple industry. In the actual production of
apples, the salt tolerance of seedlings is weak, and rootstocks can provide roots for apples. The
quality of rootstocks directly affects the absorption of nutrients and the adaptability of fruit trees
to adversity. Therefore, rootstocks are the main determinants of salt tolerance in different
rootstock-scion combinations. In the past, China's apple production model was arborization

cultivation. With the continuous advancement of technology, arborization cultivation has exposed
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many problems and has gradually been replaced by dwarfing and close planting. However, most
of the common dwarf rootstocks on the market are introduced from abroad. Due to the climatic
limitations of the birthplace, there are certain limitations in introducing them into domestic
production, such as poor adaptability and weak stress resistance. Therefore, it is urgent to breed
excellent dwarf rootstock varieties in China. In this study, the salt tolerance of the hybrid offspring
of Malus prunifolia and G41 was evaluated and its salt tolerance was comprehensively analyzed,
which had certain reference significance for the breeding of dwarf rootstocks with strong salt
tolerance. [Method] In this study, five kinds of tissue culture seedlings of asexual reproduction
were used as experimental materials: the rootstock k15 and m2, which were selected from the
hybrid offspring of apple rootstock Malus prunifoliax G41 by drought resistance, parent Malus
prunifolia and the rootstocks M9-T337 and M26. After expanding to a sufficient number, they
were transferred to the rooting medium for growth for 40 days, and transplanted into an 8 x 8 cm?
nutrient pot after opening the cover and refining the seedlings, and placed in a constant
temperature light incubator. After the seedlings grew about 7-8 fully expanded true leaves, they
were moved to a hydroponic pot with a 6.5 L 1/2 concentration of Hoagland nutrient solution, and
the nutrient solution was changed every 3 days. After one week of pre-adaptation, the same size
and healthy plants were selected for hydroponic salt treatment. The treatment was divided into two
groups: (1) Control (CK), 1/2 Hoagland nutrient solution; (2) Salt treatment (ST), NaCl
concentration was 150 mM/L. Nutrient solution was changed every 3 days for 15 days. During the
treatment, the photosynthetic rate was measured every 3 days. At the end of the treatment, 10
strains of each strain in the control group and the treatment group were taken to determine the
plant height, leaf number, dry and fresh weight. The relative conductivity, chlorophyll, chlorophyll
fluorescence, NBT and DAB staining of fresh functional leaves were measured. Fresh roots were
taken to determine root activity and analyze root architecture. The fully mature leaves were
wrapped in tin paper, immediately frozen in liquid nitrogen and stored at -80 °C. The MDA
content, H>O> content, O2 content, antioxidant enzyme activity and amino acid content of each
strain were determined. The contents of Na* and K™ in roots, stems and leaves were determined by
dry samples after dry weight determination. [Results] 1. From the phenotypic point of view, there
was no significant difference in the control group after the end of salt stress treatment; the M26
phenotype of the salt treatment group appeared first, and the leaves showed severe wilting and
necrosis on the 9th day, followed by the m2 leaves showing brown spots on the 10th day, and then
the Malus prunifolia, k15 and M9-T337 showed salt stress phenotype on the 12th day of treatment.
From the root state, the roots of the salt treatment group were brown, and the root area decreased
compared with the control group. From the point of view of plant height and leaf number,
compared with the control group, each strain of the treatment group decreased. From the
perspective of dry and fresh weight, compared with the control group, the lines in the treatment
group were significantly reduced. By comparing the relative conductivity, MDA content and root
activity, it was found that compared with the control group, the relative conductivity and MDA
content of each strain in the salt treatment group increased, and the root activity decreased. 3.
From the NBT, DAB staining and Oz and H>O> content, after treatment, each strain accumulated a
certain amount of reactive oxygen species; the results of antioxidant-related enzyme activity
showed that the contents of SOD, POD and CAT in each strain increased. 4. When the salt stress
was treated to the third day, the Pn, Tr, Gs and Ci of each line decreased significantly, and then the
decrease slowed down. From the perspective of total chlorophyll content, compared with the



control group, all lines in the salt stress group decreased, among which Malus prunifolia had the
smallest decrease and M26 had the largest decrease. From the Fv/Fm value, there was almost no
difference in the control group, while k15, Malus prunifolia and M9-T337 decreased less than the
other two lines after salt treatment, and the degree of photosystem damage was smaller. 5. From
the perspective of ion homeostasis, hydroponic salt stress will lead to more Na* accumulation in
plants. Compared with the control group, the Na* content in roots, stems and leaves of M26
increased the most, and the increase of Malus prunifolia and k15 was relatively small; the K*
content in each part showed different degrees of decrease after salt treatment, among which M26
had the largest decrease, and Malus prunifolia and k15 had the smallest change. After treatment,
the total Na*/K* of each line increased significantly, and the increase of Malus prunifolia and k15
was relatively small. 6. The results showed that compared with the control group, the contents of
Pro, Tyr and Phe increased significantly after salt treatment, while the contents of Gly, Leu and
Asp decreased. 7. Comprehensive growth, physiological indicators, photosynthetic parameters,
antioxidant enzyme activity, elements and amino acid content and other 16 related indicators, the
average membership function value of each strain was calculated. The results showed that the
average membership function value of k15 was the largest, indicating that the relative change
degree of each index of k15 was the smallest under salt stress, and the salt tolerance was the
strongest among the five apple lines. The average membership function value of M26 was the
smallest, indicating that its salt tolerance was the weakest. [Conclusion] The results showed that
k15 showed strong salt tolerance among the five lines under 150 mM hydroponic salt treatment,
and M26 had poor salt tolerance. Under salt stress, the growth of each plant decreased, the growth
was inhibited, the root area decreased, and the dry and fresh weight decreased. The relative
conductivity and MDA content increased, and the root activity decreased. The accumulation of
reactive oxygen species and the increase of antioxidant enzyme activity in plants; chlorophyll
content decreased, photosynthesis was significantly inhibited ; Na* content increased significantly,
K* content decreased, Na”/K* imbalance; the contents of Pro, Tyr and Phe increased significantly,
while the contents of Gly, Leu and Asp decreased. However, due to the differences in resistance of
each strain, the rate of change of different indicators is different. Through the comprehensive
analysis of membership function, the order of salt tolerance of each strain was obtained as follows:
k15 > Malus prunifolia > M9-T337 > m2 > M26. Therefore, the hybrid k15 of apple
rootstock Malus prunifolia x G41 has strong salt tolerance and is expected to become a new
high-quality rootstock resource.
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Fig. 1 Phenotypic map of each strain under salt stress
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Fig. 5 Effect of salt stress on antioxidant enzyme activity of each strain.

2.4 FhIHIE N RERROG & HE R AR bR A

AER e s a AL B R, B 3 dIIE YO ES . AiIRRMY, WA
FHESHEMNEER, SHWEHRE 3 R, SRR P T GAI GEHBIRIE
FENEBE, BEJE T R A s .
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A3 AR AR k1S AR PRI BRI A RE ST, B 98 1 € BT ERAE T
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Fig. 6 Effect of salt stress on photosynthesis of each strain.
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Fig. 7 Effects of salt stress on chlorophyll and chlorophyll fluorescence.

2.5 FhIPIE MR E T ARRS

KB BRI IE 2 G BURYIIR B R 1 Na*, ARESHE oL & Na'JFizk
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EhAC TR ZH 5 R IO KR, Forh M26 TKIRIR K, BT k1S TKIE AR X
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k15 ABigE e/ ACFLJS &Mk R Na /K T, Hp e P 5 k1S Bkig
FEXFELN, 4310 95.49%F1 95.94%, M26 FkilEHR K, N 97.78%.
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Fig. 8 Effect of salt stress on ion homeostasis of each strain.
2.6 #hMhIE M ARSI & BT
FEAEPME L 3R W Aa S, SR RE W S 2 CR 41 FH o I rh il R Dy 10 5 a5
I REARIER, W2 5E2EHTORRIIRZIE T . AU 7URY, HYE 2
A, iR A A PN, ELAE TR A o A AR R A T U
RURE AR, T EL A 357 2 e A R VAR S A A T W S [ AR 2ST, D a0 b R 8 5Bk
RAFRAMNGOL, A TEAEAL ST AU X 2 IR & AT T . 25K,
iz e (Pro)  B&ZEE (Tyr) FIZRNZR (Phe) 3 MEIEIR & B G2



IR FAHER, SxXTRAME, 5 MRR (k15 & M. M9-T337. M26 Al
m2) RS ES AT 29.94%. 20.27%. 27.36%-. 35.72%#1 31.69%, H:
H M26 AR FE f R, & T AR AR FE B /) s TR & 240 B 1 27.44%.
18.79%-+ 28.19%-. 32.39%#01 37.13%, Hrh m2 AR K, &2 10 ig
FEf/N: RN S ED AT 21.13%. 32.53%. 38.79%- 50.94%#1 45.99%,
Hoh M26 IR RE SR, k15 AR /s T HZEER (Gly) « 52 (Lew)
FIREZEIR (Asp) SEWEH N, SXRAMLLL, s MrRHERES 2595
BT 16.67% 7.14%- 12.19%- 19.69%1 17.90%, A& Pk 128 A0 e 75 %

/BNy M26 BEIRECK s SRR S By

1 46.29%, Hrp M9-T337 A lEf /N, m2 PFEiEHR K REARBRSED
23.15%-. 22.75%- 45.33%- 57.05%F1 37.88%, b & SFafk+FEiE &N, M26 [%

Ma i Ko Z3 ERTIR, AHLES5%

REZH, b

N =

T E T, KA M26 il m2.

R BRI IERT SR ARG & = .

=iy

Table 1 Effect of salt stress on amino acid content of each strain

PG T 19.67%- 21.40%-+ 17.72%-+ 30.71%
KT

B LAk 28 2 IR 5 B AR AR 5 e /N Y

b7 2R M2 R KN ER HE FRAR REZAIR

Treatment Pro/ (pgg™ Tyr/ (pgg!)  Phe/ (pgg'  Gly/ (pgg!)  Lew (ugg!)  Asp/ (pggh
k15-CK 87.44+183 ¢ 35.4241.07de  43.63+£0.79 c 125.52+6.05ab  61.12+2.76 a  234.21+11.44¢
QZ-CK 99.51+4.02 ¢ 35.81+1.13de  41.04+1.12cd  123.36+£597ab  62.42+3.33 a 243.96+7.59 ¢
M9-T337-CK 85.23+2.41 ¢ 32.78+1.91 ef 35.63t1.04 ¢ 123.64+£1.06 ab  48.32+4.16 b  264.88+18.15b
M26-CK 86.92+1.24 ¢ 35.9+2.35 de 36.63£2.54 de 129.62+8.72 a 514443 Db 287.11+£12.85a
m2-CK 96.54+3.33 ¢ 30.03+£1.69 f 35.03£2.25¢ 120.15+1.67 be 61.37£39a 237.33+12.49 ¢
k15-ST 113.62+3.17d 45.14+£3.32 a 52.85+4.78 ab 104.59+1.7 ¢ 49.1£0.45b 179.98+6.23 d
QZ-ST 119.6842.72b  42.54+1.45 bc 54.39+£1.27b 114.55£1.04cd  49.06+2.04 b 188.46+9.39 d
M9-T337-ST 108.55+1.83 ¢ 42.02£1.43bc  49.45+1.95 ab 108.9+2.28 de 39.76+3.67 ¢ 144.82+3.79 ¢
M26-ST 117.97£3.09b  47.53+£3.03 ab 55.29+3.41 a 104.1£1.25 ¢ 35.62+1.3d 123.3+£14.18 f
m2-ST 127.13+3.56 a 41.18+£2.52 ¢ 51.14+4.46 ab 98.64+4.99 32.96+1.88 cd  147.43+10.31 ¢

2.7 SRR SRR AR S VLR & A

LAk 2800

i 20

N =

55 Eh A FR AR N AR A AR SRR iR B, DL R AR SR R 2

B B P EHE N AR AT T EhAE SR 5 VAR P22 55 i o SRR g U W AR T 22 B 7



. A HTAEN S % MDA & &, dEME S E . SOD iE . POD &,
CAT #EPE. AR, MRS E. Fv/Fm {H. Na /K FIZ RS & 16 D5
Brs HEH T SRR RIEREUE . 455880, k15 (PSSR E R B &K,
IR A N A SRR R AR AR AR B )y, 55 At R o B Y5 UAH EL T 568 /) Aok
25 JE B BUE BN 2 M26, RBIIL Eh e i f 8. R AR Sk R T
BRI k15 > &Pk > M9-T337 > m2 > M26.
*2 RERAUE
Table 2 Membership function value

s 31 ) bR 2B/ Membership function value
Index k15 QZ M9-T337 M26 m2
FHXT HL 5% REL 0.244 0 0.431 0.289 1
A % MDA 1 0.954 0.129 0.245 0
HEME H0; 0.703 1 0.584 0.474 0
i Y B AL B SOD 1 0.469 0.691 0.039 0
ALY POD 1 0.457 0.230 0.496 0
A CAT 1 0.849 0.212 0 0.048
HOLEHAE Pn 0.338 0.441 0.429 0 1
4% 24 & Total chlorophyll  0.811 1 0.692 0 0.189
Fv/Fm 0.404 0 0.202 0.964 1
Na‘/K* 1 0.992 0.658 0 0.449
FIE R Pro 0.866 1 0.933 0 0.638
&2 Tyr 0.688 1 0.466 0.259 0
RINZ IR Phe 1 0.541 0.490 0 0.149
H&® Gly 0.412 1 0.414 0 0.233
SR Leu 0.919 0.848 1 0.251 0
RAZIR Asp 0.988 1 0.371 0 0.527
“F¥J#34) Average score 0.773 0.718 0.500 0.189 0.326
HEF Rank 1 2 3 5 4

31k

hipa NER AR 2, RARKEFIRSE, HRRK. ZELEHEER
ARHFFEH, 150 mmol L E:pia b 15 d SEE AR RS H A FRIREE 1 ER
Ao PRS2 BNING], - H IR B I Bl A AL BRI (RIS vk, IR RAK
IR RGO, FriRAR DR, EhiFa MYl 5 m iR R0 K& A,
WORIR R IEH RS, MR IR A AR TR, FEARERIR N Bl b s sh ik



~, EYRARE SRS, BIEERE SN Ee ) B IEADC, HEIKEET—E
ARAZTOH, AR ARG 14 KR RS, ARFFed, BT 150 mmol L &k fF i
I3 RA KRN 3268 71, SR AR RGN 2 TR, MFEFRR, M26 th#E
FKUHEAE, HIRCNMI-T337 flm2. ML R, k15 FE T FihERA H
DA, HERFERREAXES, S AR AT,

T8 527 5 oy ie O RE AR P AR BEAR AL R L ZR L, PUEBGR IR R AT B B &
VAR AR 345030, R B 53R A MDA RERS S AR W R R 35 5 FE R, w4
SRR DN 3458 Fhlh 3 RE 7 I B AE BRER AR DY . MDA BN AR AL =0, Hoy
BT YRR AR, B iE T MDA I R A B R A A M A T e
SEUEEE MR, BRSNS, HFEMRE, MY 2 RsE, A5
A MDA & 8HEE . AFFINE T SRR B TE L MDA &8, 4581%
B, EhEE T %k R REL & MDA & &3¥A 8 B, 3 k15 AE Pk 13k
W A S B /0, 0T e e 5 e D T 52 12k o

TEYEER AR, AHM P 272 AR o S TS T A, I ey MR S A A A i
B 2 51 A S AL I E RS AR TTUESS, SR N oA R GBS PE A st
AR AP 2 38 S Y PR A8 1 1 1 2 — 10, i 3h 8 778 5im AR AR AR T LAl ik
JE B BTEA R G B B TE PR, AR R S PR BE OR RE A, DUEAR
EHFELT, ARWFFIEL NBT f1 DAB Jettk it d & i, AW &K R O
H0x R RGO, SRR, k15, &P M9-T337 ) Oy & & W /b1 M26
M m2; k15 1) HoOp & B /D T HA MR &R . k15 FEZRMME AN O Ho02 #R
KD, XATREY k15 H S BUF PR RE A K. R TP BE 1AL
WSWEPER KR, BARKPRER. GHFRN, MEYPUEA S 1T
ST E N E RGN, JRAAAE BRIE RS, WA FRIE, ORI 2 BE
T2 55 B TN T B 00 AN [R) Rl A T 35 B s (gl AL AR AS [R], 75 B AR BB AN ]
BARE R 22 R K0, AR A a3 15d )5, 5 MERF POD. SOD
FCAT 351 _E T B S K308 k15, FUE AT DAHERT, 150mM 3538 T~ Ak
#HEsh TR EE RS, HARPERETE SHEARGIUE R RS, k15 R BT
;e .

GE MK D ERAT, EhIE TG RE ) 5R 55 A B R AR PRI 25 e
B0, ARRIGHLE R, bl PR A SEEHE ER, S ad N
3R, BHRR Pov Tov GoAI GIIHBIRIERE R 1%, Bl & AL A 2K T PR
FEA ks, X vl R SRS A K. ARRH, MY ER,
MGG AR 2 ASSLIR B AT FRAIC s B A R F T (R AR, FEDG & 28 B 2 2IROR,
PR A1) PR 2R 08 i e 9 AR SALIR 3R 142, S E G B 3 T R, ) — Bk B2 T



s, S AAE 2 BHE R FL R ZR B BR I T B, H it mT DAHED, A 55
6 RITIE A RE S TR RE R Z 2L R I, AR E 2RI, AR
k15 M 6 KIFUE, G sz s R 5k R BIa, mANILSE
LR CO M E E&, & TPTicdfh 4 Mk RBI BRI H, T IR A%
L% . SO ETE RN IR I, LT HAL 3 MR R k1S FIE PRI 5
SRIGARE T, WoR T HyiEhae Sy, BFFUEREE, EBia T, AN TR 2R
SRR AT RICER, AR R MREETETE R, SR 5B RIEMEK, ks
41, A FAEAFRLE WIS T KRS NEH SRS E B, M26
NRIERE IR, X 5 AR RN M26 M A KAV SR B E R AR . etk
WIS T LAE N3 BT 52 S R B i B e A1) Jd it 24 Fv/Fm 1,
AT JF K15 & PR R MO-T337 %5 M26 Al m2 Mk 2 AH EL T B4 5 58 /)8,
TP E 2O HIFE AR

YR AL T ST, 25 RN ST IRE RS, HYSIiE f
A5 B A RSO 21 Nat, AT AR B TR 10 M4 Na iR EEd &
o B e s G IR B Ca?, SRR T Re 8 BIRE,  [RIRF 40 Y K358 E HL
BRGNS, FERED A KA Z 254790, FRF R, JoE B LR A
TP 2R 66T, AR REZBE R ITE RN I FE . XAk, BRIRLTHE A &
WEE, [RI B Iy Y Na VR B, PRFFAI IR IEH oK, 7T & Ao, mr i,
i} 5 B 755 AR AR 2R AR 05 @ SRR . 0 SR AL 4ERF 930 Nat /K e . H
URAET, ERPME T, Nav/Kskfae, fEAkm hae iam . Aot it 7 b & 3507
Na'. K'& & & Na/K", 45 R &P k15 (1) Nat Al K5 & DL & Na'/K*
AR BE 0N T S5 B e e Y i R 66 D

TR P B R AE 0 15 ol w2 B A D, e A7) 18 2 308 55 Pl £ e 1ok
R AR ZORIE & B S 52152, R, A EPR R R S A His
PESE RAEAEZE S, IR PP SR A 45 BR 1 32 iR e R AR 200 22 (0 il a2,
F AT £h 577 W5 R & B 5 SO, ARHRTE 5 MR R M26 IR
FRKIERKR, &P EkE R, AT, RS B S MR ERRE ) 2 AR,
X5 FTALESE RGP 0 25 SR AR 22 50550, B AL NPT R PR A il A
e 22 bl i il U S e I R K, X AT R SR RS R B B i R AR 7 =X
AR, BN T. A, AFFFRPERER (Tyr) FZRFNER (Phe) &
BRI E ZILAE EAHES, MHER (Gly)  R&K (Lew) MRAZR
(Asp) FRIIHFT TR FEY0 R ST a2 SRRSO e, H—
W5 AL TCIEAE ATV I 480K HE 1), FRERG 7T .

4 75



TS5 R, 150 mmol L (7K EG EhAEE R 5 Mk R k15 R H BR 1)
MERRE ST, M26 TR ZE . b T, SEMAEKE TR, AK2H, R
AR, TR TR A SR MDA S®A R, MARGEIENT
B MR ATEEEI R, PUEEEER S R S ERK, CAIERHE
ZANH; NatEERET S, KISE TR, NaV/K7RME: MEK (Pro) . FRAK
(Tyr) MEAZIR (Phe) 3 MR EEMWE A, HER (Gly) . R
(Lew) MRAZME (Asp) SEAP . HETH&KRATMEALEESR, AN
TRVR AN B AR Gl IS S8 R LR & T, AT &R R T SR RE I
k15 >&FHT> M9-T337 > m2 > M26. HIt, FERAIAREFHT* G4l
AR Ja AR K15 it EhRE J 5008, A BT AR TR A B .
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