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Evaluation of drought resistance of eight apple germplasm resources

WEI Jiangtong, MA Xiaoying, LI Xuewen, ZHANG Zhijun, LI Chao, MA Fengwang’
(College of Horticulture, Northwest A & F University/State Key Laboratory for Crop Stress Resistance and High-Efficiency Production/
Shaanxi Key Laboratory of Apple, Yangling 712100, Shaanxi, China)

Abstract: [Objective] Drought is one of the main factors restricting agricultural production, which
would cause a large scale yield reduction. The Loess Plateau is the largest apple producing area in Chi-
na. However, the Loess Plateau is faced with perennial drought and water shortage, and most of the ap-
ple planting areas are located in mountainous areas short of irrigation conditions. Drought and water
shortage are the main limiting factors for the development of apple industry in the Loess Plateau of Chi-
na. Therefore, it is of great significance to breed rootstocks and varieties with strong drought resistance.
In the previous study, 8 apple germplasm resources with utilization value were found in our laboratory.
This study evaluated their drought resistance in order to provide reference for the utilization and resis-
tance breeding. [Methods] In this study, P5 (Malus asiatica), L51 (M. robusta), L37 (M. hybrid ‘ Dwarf
Tree’), LC36 (M. hybrid ‘Cranberry’), L7 (M. soulardii), LC54 (M. domestica ‘ Oekonomierat Echter-
meyer’), ZN18 (M. domestica, Sciros % Scifresh) and C31 (M. domestica ‘ Trail”) were used as experi-
mental materials, and M. prunifolia and M. sieversii were used as controls. In the spring of 2022, the
bud grafting method was used to graft them on the M. hupehensis Rehd. When the height of all test ma-
terials reached 70—-80 cm, the plants with the same height were selected for experiment. The treatment
group was watered thoroughly the day before the treatment and stopped watering until the 9th day of
the treatment. The control group was watered normally every day, and the soil relative water content
was maintained at 75%~85%. From the Oth day of treatment, the net photosynthetic rate, chlorophyll
content, relative water content and relative conductivity of leaves were measured every other day. Com-

pletely mature leaves were collected from 7-15 leaves below the top of the stem, wrapped in the tin foil
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paper, immediately frozen in liquid nitrogen, and stored at —80 °C for the determination of the malondi-
aldehyde content, hydrogen peroxide content, superoxide anion (O,) content, antioxidant enzyme activi-
ty, proline, ABA content and the expression of the synthesis-related genes of each apple germplasm re-
source. The drought resistance of each apple germplasm resource was evaluated by membership func-
tion method. [Results] (1) After natural drought stress, the leaves of the apple germplasm resources
wilted to varying degrees. The leaves of LC54 wilted most seriously, and the leaves of LC36 wilted
most lightly. After drought treatment, the leaf relative water content of each apple germplasm resource
decreased significantly, and the leaf relative water content of LC54 decreased most apparently. (2) After
drought treatment, the relative conductivity, MDA content and proline content of the leaves of the apple
germplasm resources increased significantly. On the 9th day of the drought stress, the net photosynthet-
ic rate and chlorophyll content of various germplasm resources decreased significantly. (3) The O, con-
tent of the apple germplasm resources increased significantly after drought stress, and the increase
range of the O, content of the apple germplasm resources was between 84.31% and 197.97%. The con-
tent of H,O, was lower on the Oth day of drought stress, and significantly increased on the 9th day of the
drought stress. (4) The ABA content of the apple germplasm resources increased significantly after the
drought stress. The gene expression of the MdNCEDI and MdNCED3 remained at a low level on the
Oth day of the drought treatment, and increased significantly on the 9th day of the drought treatment,
which was consistent with the change of the ABA content in the leaves. (5) The comprehensive net pho-
tosynthetic rate, chlorophyll content, leaf relative water content, relative conductivity, malondialdehyde
content, hydrogen peroxide content, superoxide anion (O, ) content, superoxide dismutase (SOD) activi-
ty, peroxidase (POD) activity, proline, ABA content, a total of 11 indicators, were used to calculate the
average membership function value of each apple germplasm resource. The results showed that the aver-
age membership function value of LC36 was the largest, indicating that the relative change degree of
each index of LC36 was the smallest under the drought stress, and the drought resistance was the stron-
gest among the 8 apple germplasm resources. The average membership function value of LC54 was the
smallest, indicating that its drought resistance was the weakest. [Conclusion] The results of this study
showed that under the drought stress, the net photosynthetic rate of plants decreased, the membrane in-
tegrity was destroyed, and the contents of ABA and proline increased significantly. However, due to the
different resistance of the apple germplasm resources to drought, the changes of each index before and
after the drought stress were also different. According to the membership function value, we concluded
that the drought resistance of each apple germplasm resource is: LC36>L7> M. prunifolia> M. siever-
sii>151>C31>P5>ZN18>L37>LC54. The drought resistance of LC36 and L7 germplasm resourc-
es is greater than that of M. prunifolia and M. sieversii, while the drought resistance of other resources
is lower than that of M. prunifolia and M. sieversii. Therefore, LC36 and L7 are important resources for
improvement of the drought resistance of apple.

Key words: Apple; Germplasm resources; Drought resistance evaluation; Membership function
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Table 1 The primers used in this study

EIEZ oS RENAFE SIFEEIS-37)

Primer function Gene name Primer sequence (5"-3")

JEEPCRNZ MDH F: CGTGATTGGGTACTTGGAAC
Reference for R: TGGCAAGTGACTGGGAATGA
qPCR

MANCED] 5 % MdNCEDI F: AAGCAGCGTTATGTGTACGGAACC
MANCEDI R: GCCAGGTCCCAGGTCATAGAGG
gPCR

MANCED3 5% MANCED3 F: AACCAGCCGTATCAGCCAAGAAC
MANCED3 R: TCCACGAGCCCGAACATCCC
gPCR

1.8 RERHWIHTE

% 1& BRSO A RHE AL T R AN ], & TR B AR
AELERRR 22 5, WOR FH A AT 52 28 0 R RN SR 9 R 45T
T bR B AR 22 A0 28 147 3R & eR B ) T H B, DO 2%
SESM IT BEUR R

%t b 5 PR E R IEAE O AR AR RS R
ot E AN

UXO)=(XXoin)/ KonaxXonin) o

LIRS S PR R A TR bR I e R
ot E AN

U =1~ (XX Kons= Ko o

A, UQO NS & R BUE , X 8 23— bR A
AL ZE[ (S 3502 S 15052)/S 302X 100%] , S A H—FE b
(RN B B s X $8 FE— FEARAE XS A 28 (1) 3 R,
Koo TR FE—FEPRAE N AR AL Z I B /ME . 7RI E 145
bR, 5P RV UM DS AT L 3 26 \MDA & &
H.O. & BM O, & &, KRR S PR B IEA .

1.9 HUESHR

fi FH| SPSS Statistics 26.0 34T £l Ge i+ 7047, 3¢
15 FH B IRI 2R 23 BT F0 Tukeey (1) 22 5 LA (p<<0.05) 33047
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Drought 9 d

LC36 L7  LC54 ZNI18 C3l
B
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Drought 0 d
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Drought 9 d

L51 L37 LC36 L7 LC54 ZN18 C31 XY
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IRECSERRT, XY RORTIEEER. HbR RN 30 em
A. Plant phenotype under natural drought stress; B. Top phenotype of plants under natural drought stress. PS5, L51, L37, LC36, L7, LC54, ZN18,

C31 represent eight resources respectively, QZ denotes M. prunifolia, XY denotes M. sieversii. Scale bars is 30 cm.

1 BRTEmExRE
Fig. 1 Phenotypic of natural drought stress
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Fig. 2 Changes of physiological indexes of apple germplasm resources before and after drought



574 3 i

A
¥

{: 4145

[Op5 [L51 [OL37 [JLC36 L7 COLC54MzZNISCC3 1 O & Fikr  ThFrsmsy 34

b b b
e

D R pL S
P./Cumol -m™-s")
=

0
T 5 4b BT[] Drought treatment time/d

M. prunifolia M. sieversii

B %
w 2.5 " o
§ .efxd--l- Ilf-‘tdeb-f-d'li de 5 _zi_ .
2 20 H k3
/\/8 ed| “lae £
'Hﬁ? g f e € B
S 15 5 H
=%
e 1.0
S 05
=
£ 00 0 9

T2 4b BT[] Drought treatment time/d

B3 TRARSERMRERP.MHEESENETL

Fig.3 Changes of net photosynthetic rate and chlorophyll content of apple germplasm resources before and after drought
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Fig. 4 Changes of malondialdehyde content and antioxidant system of apple germplasm resources before and after drought
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Fig. 5 ABA content and synthetic gene expression of apple germplasm resources before and after drought
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Table 2 Value of drought resistance membership function of apple germplasm resources

FE b5 Index P5 L51 L37 LC36 L7 LC54  ZNI8 (31 Etjig,oﬁa Egifiif
AT HL T 2R Relative electrolytic leakage 0.262  0.566  0.495  0.763  0.820 0.000 0481  0.622 1.000 0.831

A %% F MDA content 0.630  0.095 0261 1.000  0.655 0.446  0.000  0.626 0.466 0.627
A A F FE HLO, content 0.578 0501  0.186 1.000  0.675 0.000 0222 0.631 0.154 0.774
AT T & & O, content 0.516  0.617 0397 1.000  0.831 0295 0224  0.000 0.695 0.431
-4 25 % & Total chlorophyll content ~ 0.533  0.361  0.680  0.882  1.000 0.606 0.769  0.384 0.000 0.716
A% 7K & Relative water content 0.162  0.645 0308 1.000  0.969 0.000 0386  0.666 0.675 0.565

Jif ¥4 B2 £ & ABA content 0.495 0476  0.000 0.849  1.000 0.024 0416 0227 0.430 0.335

JH & B2 & & PRO content 0.121 0563  0.000 1.000  0.508 0.154 0240 0498 0.658 0.264

I ELIET 1 POD activity 0.173  0.724  0.000 0.526  0.274 0232 0.077 0246 1.000 0.223
A EALERE 1 SOD activity 0.017 0.159 0216 1.000  0.543 0.000 0295  0.175 0.405 0.332
1t &ri# 2 Photosynthetic rate 0.000  0.193  0.001 1.000  0.806 0.074  0.191  0.098 0.884 0.396
1475345 Average score 0317 0445 0231 0911  0.735 0.166 0300 0379 0.579 0.499
HE/F Rank 7 5 9 1 2 10 8 6 3 4

itk I FBUR AR AR, At — S i A
WP, mir AR B AR T R R AR N T
PEA(ROS) 7K WA BG I, FEAH Fi v, T 5
Jop 36 J 25 3 SRR BT B YR K O, 1 B R S N, %S IR
b ot B U5 Oy 7 & I HG K V0 [l 7E 84.31%~197.97%
o H.0.F BAET RWHEEE 0 R & EEAK, /T
Fpia g o KB EM S, X500 N7 45 R A
T | 0 N S S0 N 18 L e Dl = S o2 S
ZHR M POD.SOD i, S5 KRB, TR B fE, %
S BLM R % U5 () POD . SOD i 7 &5 & 16 0, B i 5
PR 1) 5 PR IR TR AL B S R . X LR 4G
TR, %S AP BT B URAE T SHPE R, FERAR Y
T 1 2 (ROS)D [A] i 5 25 38 00, (=] Bf AL 72 A K &
PUEAL BN H)E TS (ROS 724, {H LC36 25 i i
PR [ 3T A AL SOD L POD i MR8 & , BRI AR 2 1)
TEHEE(ROS D, R H SR PR RS
YT E il N ABA & &2 5 E 1 mey,
ABA A 4ERFRE 7K 4 IRES 3G 5% A E F 98055
TR, (R, T 208 5 & R
VR ABA & B 23 T A, HLC36 [ ABA & &
WE AR K, X SR A R A R A . - 30-FR 58 2%
BAE N U4 (NCED) & ABA & i ) 5%
Mg, fEARWEFE R, & W T MdANCEDI Fl
MANCED3 [ 2[R 3R 18 &, 45 KW , MUNCED1 il
MANCED3 B R R ik A T FAL PR 2R 0 RYEHF7E
BARKE AT RAEEIOREEA S, SR A
ABA &AM —5. 5T AWFRERY, T 2

18R, PRO 583235 LRI 77 AT B AR & M40 (ROS) X 1
Y 2m B R ) B3 4559, [RI I e TR 2 T R 4l B 7K T 1)
IEF AR FEDY . FEARRF O, 7E TR MHEZE 9K,
B3 SRR ZEUR ) PRO 7 & 0 25 36 0, 31X 5 R B
Fugh AR FEPT,

SKJE BREUE 2 ISR R B 1 AR B O, 3 SR
AT, R S R BT AR R 2R A
PEAS(ED . H AT, 38 R EOEAEAE DU RN J7 T
JZ R o T IREE R SR 8 B B0 AN R R
R A PR AT I 7L, R ILE & 1-/SH6
PAAEMPUFEPE R E B E /G935 5 i & +/M9-T337
(58 . FAgom S5 R A S 8 oR B0 7 A B ARG AR
AT T HURPEVEAN , Bt 9T 45 AR B AL 15 R SH40
T R A AR T . EAHE S, R 11
EFEARIEAT T SR IR eR B BT, K 837 Bl i 2R 1)
PURMEHAT VRN, B 0 R I3 b ol S8 P
WAR N LC36>L7> & “F #fk 1 > B 58 B 3¢ IR >
L51>C31>P5>ZN18>L37>LC54.

4 4

TET- 8 TR 1) P FEAK I 58 B M AR
ABA FIPRO & 5 235 B9 0, {5 1 T &3 P05 254
XS BB AN, T FE AT S S TR AR AR
AN TE], AR S oK BB H & SR B R ) B
AR KN : LC36>L7> & “F k1 > 7 58 57 3¢ 1 >
L51>C31>P5>ZN18>L37>LC54. LC36.L7
A S BRI BT R = R A PR R R )
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