Bk %% R 2019,36(6): 718-728
Journal of Fruit Science

DOI:10.13925/j.cnki.gsxb.20180443

‘HHENS EREAEM R LG R
BRI E R EEFFIE
K B, FAME,RETE,RKER R OB, HEE,N K, maIg, EES
CHIRARM R 25 B, Hf 21 7300700

#  E.[B #1244 T 2 5 (Malus halliana) f1°F & #f 25 (Malus hupehensis) A% bl , 78 3 EIGE W= S5
(Malus pumila Mill.), BF & /S5 [FE 25 (Y6+CS) A E /N5 T B A CY6+PY) , W 78 SR A% V3 41X 2 Ff il el
A aE S AR LR IR 2Bk FE B 3k 1 7 1%, 1% B IR k7K (Hoagland & 77 10O 1R & #1798 (Hoagland &
FEWI1 100 mmol - L* NaCl+NaHCOy) B fl b 22 , Il & Sh 18~ AN RIS FELH & 1SR 30 2 B DL BRI 0O S8
FACTEVE T, FET AT A DGR 0T LS8 RYERTRME T, GG W3 b (8] (1 B £, B A0 20 & RO A L 42 28 (REC) L R A
Pk BE BRI T 778 Y oo~ TEAL M K R B (qND I & ETHa S G R A8 (ChD i Gl R (P VA AL S
(G ZEE T2 (T DAL 2P K R A (PO ¥ 2T B3, 1 R R] — A Bk B2 (CO VTP CY o) B AL B AL T
(SOD) it AL T (POD) £ Y6+CS I Y6+PY E 2N % . Wil 40 d I, Y6+CS i REC W3 T Y6+PY,
3B CKCRHED BN T 20.77%42.39%; Y6+CS ) Chl P, G, T34 . 2 5 F Y6+PY, 1] Y6+CS - H 1 Y nor 2 KT
Y6+PY . 12 M 4EARAHPE M 45 R £ W, G, Ci  T.»Chl.gP %PHIIEA%E% REC.POD.SOD. Yt~ Yo~ gN 55 P, At
A LR 1Y 6+CS F E i 4 5 POD . SOD v M FNAH Al (1775325 W AE B8 77 T 4 INARL AR RI B 208 14 B8, AT B8 47 b i 7 25
Tt , 3 Ay T AL R B e 5 S SRR AP R 4
FKHIR: M E ST AL SR AR O AR s AR ER O A O AbT
FESZES:5661.1 XHERFRERD A X E 475 : 1009-9980(2019)06-0718-11

Photosynthesis and physiological characteristics of ‘Yanfu 6’ apple under

saline-alkali stress on different rootstocks

ZHANG Rui, JIA Xumei , ZHU Zulei , ZHANG Xiayi, ZHAO Tong, GUO Aixia, LIU Bing, GAO Li-
yang, WANG Yanxiu"
(College of Horticulture, Gansu Agricultural University, Lanzhou 730070, Gansu, China)

Abstract: [Objective] Apple is the most important temperate deciduous fruit tree in the world. In the
Loess Plateau area of Northwest China, apple industry has become the pillar industry and main income
source. However, salination and alkalization of soil which interferes the normal growth and metabolism
of plants, is increasingly serious and seriously restricting the apple industry in the northwest loess pla-
teau. Salt-resistant apple rootstocks are commonly used to alleviate saline-alkali stress. It is important to
reveal the mechanism of rootstock responding to the stress. Rootstocks affect the stress resistance,
adaptability and productivity of scion varieties. In this study, photosynthesis and physiological charac-
teristics of two year old Malus pumila ‘Yanfu6’ (Y6) grafted on M. halliana (Malus halliana Koehen)
(CS) and M. hupehensis (Malus hupehensis) (PY), grown under saline- alkali stress were analyzed,
These scion-rootstock combinations are considered suitable in central Gansu province.[Methods] Ten-
leaf grafted plants grown in pots were used in the experiment and assigned to the control (Hoagland nu-
trient solution) and saline-alkali stress (Hoagland nutrient solution+100 mmol - L'* NaCl+NaHCO:;)
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groups. The effects of saline-alkali stress on photosynthetic pigments (chlorophyll a (Chl a) and chloro-
phyll b (Chl b)), photosynthetic characteristic indices (net photosynthetic rate (P.), stomatal conduc-
tance (G), transpiration rate (T,) and intercellular CO, concentration(C;)), chlorophyll fluorescence pa-
rameters (such as quantum yield Y weq , Non-regulated energy dissipation quantum yield Y o), non-pho-
tochemical quenching coefficient (qN) and photochemical quenching coefficient (qP)), and antioxidant
enzymes (superoxide dismutase (SOD) and peroxidase activities (POD)), and relative conductivity
(REC) were examined every twenty days from the beginning of treatment. Finally, correlations among
the indices were analyzed. [Results1The results showed that with the prolongation of salt-alkali stress,
the REC, Yo and gN of the two combinations showed an increased trend. For chlorophyll content, P.,
G;, T, and gP showed a decreasing trend. Whereas the change trends in Ci, Y xeq, SOD and POD were
different between Y6 + CS and Y6+PY. After 40 d of stress, the REC of Y6+CS was significant lower
than that of Y6 + PY, and was increased by 20.77% and 42.39%, respectively. The decrease in chloro-
phyll content of Y6+CS was significantly lower than that of Y6 + PY. Compared to the control, chloro-
phylls decreased by 23.90% and 52.20% in Y6+CS and Y6+PY, respectively. The Yo of Y6 + CS was
significant lower than that of Y6 + PY, and decreased by 32.00% and 49.18%, respectively. The C; of
Y6 + CS leaves showed a constantly decreasing trend, while that of Y6 + PY leaves decreased first and
then increased. Y wrq, SOD and POD of Y6 + CS leaves showed an upward trend, while Y xeq 0Of Y6 +
PY leaves showed a decreasing trend. With the extension of stress, SOD and POD activities first in-
creased and then decreased. [Conclusion] The correlation analysis of the 12 indices showed that P, of
the two combinations had a positive relation with G,, C;, T, Chl and gP, but a negative correlation with
REC, POD, SOD, Y xrq),Yno and gN. Under saline-alkali stress, the structure and function of cell mem-
brane were destroyed, leading to increased membrane leakage, function loss of enzymes and disturbed
metabolism. Damage of cell membrane in trees with strong resistance was relatively small, and the
POD activity of Y6 + PY increased first and then decreased with the prolongation of saline-alkali stress.
The enzyme increase helps to remove hydrogen peroxide. The decrease might be due to the increased se-
verity of stress. Then senescence of the organs occurred with the outbreak of reactive oxygen species,
which damaged the cell membrane integrity and functions. Therefore, Y6+CS had a better adaptability
to saline alkali soils by increasing SOD and POD activities that protect cells from oxidative stress. The
study provides reference for selecting suitable apple rootstocks in Northwest China saline-alkali soils.
Key words: ‘Yanfu 6’ apple; Saline-alkali stress; Stock; Photosynthetic characteristics; Chlorophyll
fluorescence; Correlation analysis
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Chlorophyll a + b refers to the total content of chlorophyll a and chlorophyll b, and chlorophyll a / b refers to the ratio of chlorophyll a to chloro-

phyll b. Different small letters within the same day indicate that significant difference at 0.05 level. The same below.
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Fig. 1 Effect of saline-alkali stress on chlorophyll content of different rootstock combinations
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Table 1 Effects of saline-alkali stress on photosynthetic parameters of different rootstock combinations
PEEE EEERALS S gt AL ) CO & Zl T A

Stress time/d  Scion/rootsto

Net photosynthetic rate (P,)/

Stomatal conductance

Intercellular CO, concentration

Transpiration (T)/

(umol-m?-s™) (Gy)/(mol-m?-s™) (C)/(umol - mol™) (mmol-m?-s™)

CK(Y6+CS) 17.02+0.60 a 0.096+0.007 8 a 345+7.89 a 3.56+0.22 ab
0 Y6+CS 17.12+147a 0.095+0.009 8 a 340+13.21a 3.45+0.12 b
CK(Y6+PY) 16.21+0.99 b 0.078+0.0103 b 291+11.42 b 4.21+0.06 a
Y6+PY 13.50+1.34 ¢ 0.080+0.007 8 b 30045.06 ab 3.16+0.17 ¢
CK(Y6+CS) 18.79+1.05 a 0.094+0.008 2 b 352+14.56 a 4.19+0.28 a
20 Y6+CS 13.45%1.62 b 0.071+0.008 2 b 312+27.75a 2.41+0.44 c
CK(Y6+PY) 17.05+1.88 a 0.081+0.009 6 a 298+23.91 ab 4.61+0.35a
Y6+PY 8.03+x1.47 ¢ 0.069+0.009 5 a 251+16.07 b 3.09+0.31 b
CK(Y6+CS) 18.96+1.21 a 0.090+0.006 1 b 340+24.05a 3.48+0.15b
40 Y6+CS 10.86+1.28 b 0.041+0.003 3 ¢ 275+ 27.46 b 2.14+0.13 ¢
CK(Y6+PY) 17.56+2.95 a 0.085+0.007 9 a 300+44.23 ab 4.69+0.63 a
Y6+PY 4.88+1.89 ¢ 0.039+0.003 6 ¢ 294+39.10 ab 1.75%0.39 ¢

P E AR EZ , [F) FIECT 5 R A [F)/NG S50 REROR [F]— R A —FR AR TE 0.05 /K-F ik S B Z R
Note: Average + Standard. The different small letters following the means in the same column represent significant difference at 0.05 level in the

same day.
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Table 2 Correlation between photosynthetic indices of Y6+CS

fijgx P, G. c T REC chi Yoer Yoo P aN  POD SOD
P 1
G, 0.987** 1

i 1** 0.985** 1
T 0.996**  0.997** 0.995** 1
REC -0.995** -0.998** -0.994**  -1** 1
Chi 0.987** 1** 0.986**  0.997** -0.998** 1
Yoo -0.914*  -0.968**  -0.910*  -0.947* 0.950* -0.967** 1
Y o) -0.880  -0.945* -0.875 -0.919* 0.923* -0.944*  0.997** 1
qP 0.99**  1** 0.989**  0.999** -0.999** 1** -0.961**  -0.937* 1
gN -0.908*  -0.964** -0.903* -0.941* 0.945* -0.963**  1** 0.998** -0.957* 1
POD -0.997** -0.971** -0.998**  -0.986** 0.985** -0.972**  0.881 0.841 -0.977** 0.873 1
SOD -0.914*  -0.968**  -0.910*  -0.947* 0.950* -0.967**  1** 0.997** -0.961** 1**  0.880 1

TE A B BRI B VA S, T,

Note:* significant linear correlation,* * is highly significant linear correlation. The same below.
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Table 3 Correlation between photosynthetic indices of Y6+PY

ik P G C T REC Chl Y Y P N POD SOD
Index n s i ' PQ) ~o) q q
Pa 1
Gs 0.957* 1
G 0.837 0.641 1
T 0.805 0.943* 0.350 1
REC -0.975**  -0.997**  -0.695 -0917* 1
Chl 0.900* 0.730 0.993**  0.461 -0.777 1
Yoo -0.979**  0.996** 0.707 0.910*  -1** 0.788 1
Yoo -0.972**  -0.998**  -0.683 -0.923*  1** -0.767 -0.999** 1
qP 0.992** 0.913* 0.898 0.726 -0.944* 0.745 0.746 -0.935* 1
qN -0.987** 0.882 -0.927* -0.675 0.913* -0.966** -0.920* 0.907* -0.997** 1
POD -0.900* 0.905* 0.907* 0.712 -0.933* 0.951* 0.939*  -0.928* 1> -0.999** 1
SOD -0.424 -0.142 -0.851 0.195 0.212 -0.780 -0.229 0.197 -0.533 0.592 -0.549 1
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