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Effects of Drought Stress on Photosynthetic Characteristics and
Antioxidant Enzyme Activities of Different Rootstocks
and Grafted Apple Variety

YIN Penglong, WANG Zuguang, LI Shuang, ZHOU Shasha, XU Jizhong, ZHANG Xueying

(College of Horticulture, Hebei Agricultural University, Baoding 071001, China)

Abstract: [Purpose ] To study the effects of drought stress on the photosynthetic characteristics and an-
tioxidant enzyme activities of leaves of different rootstocks and grafted apple variety. [ Methods ] The
apple dwarf rootstock Jizhen No.3 and superior lines 15-1, 1-8, 14-7, 10-1 and 22-46 independently
bred by Hebei Agricultural University were used as experimental materials, the changes of photosyn-
thetic parameters and antioxidant enzyme activities in leaves of apple rootstock and its grafted Tian-
hong No.2 under drought stress were analyzed, and the differences of different intermediate root-

stocks to drought stress were analyzed by membership function method. [ Results] Under drought
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stress, the photosynthesis of leaves of different rootstocks and stions were affected by different de-

grees. The initial fluorescence and the ratio of variable fluorescence and maximal fluorescence were

significantly or extremely significantly higher than the control group. With the prolongation of

drought stress time, the activities of antioxidant enzymes (SOD, POD and CAT) in rootstocks leaves

increased at first and then decreased, and the activities of SOD and CAT in grafted varieties increased

on the whole. The response of photosynthesis and three antioxidant enzymes in rootstock 14-7 and its

grafted Tianhong No.2 leaves to drought stress was relatively weak, while that of rootstock 22-46 and

its grafted varieties was strong. Membership analysis showed that the drought resistance of six root-
stocks was 14-7>15-1>Jizhen No.3>10-1>1-8>22-46. [ Conclusion ] Under drought stress, there are
differences in photosynthetic characteristics and antioxidant enzyme activities among six different

apple rootstocks and grafted apple variety.

Keywords: drought stress; apple rootstock; photosynthesis; antioxidase
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Fig. 1 Changes of leaf photosynthetic parameters of different rootstocks and stions under drought stress
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Fig. 2 Changes of leaf fluorescence parameters of different rootstocks and stions under drought stress
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Fig. 3 Changes of superoxide dismutase activity in leaves of different rootstocks under drought stress
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Fig. 4 Changes of peroxidase dismutase activity in leaves of different rootstocks under drought stress
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Fig. 5 Changes of catalase activity in leaves of different rootstocks under drought stress
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Fig. 6 Changes of superoxide dismutase activity in leaves of different stions under drought stress
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Fig. 7 Changes of peroxidase activity in leaves of different stions under drought stress
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Tab. 1 Membership function values of different rootstocks and stions under drought stress
AbEE YRR
treatments X X X X X X % average membership value
15-1 0.67 0.87 1.00 1.00 0.14 0.87 0.60 0.57
1-8 0.50 1.00 0.66 0.58 0.40 0.62 0.35 0.38
o 14-7 1.00 0.93 0.79 0.89 1.00 1.00 1.00 0.70
rootstocks 10-1 0.03 0.75 0.64 0.65 0.40 0.00 0.47 039
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L3S
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joapaey
stions 10-1 0.00 0.76 0.53 0.53 0.04 0.39 0.20 0.35
22-46 0.10 0.93 0.80 0.45 0.09 0.00 0.00 0.34
335
Jizhen No. 3 0.18 1.00 0.34 0.89 0.01 0.43 0.04 0.41
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Note: X;-Xg indicates transpiration rate, intercellular carbon dioxide concentration, initial fluorescence, variable fluorescence to maximum fluorescence
ratio, superoxide dismutase, peroxidase and catalase, respectively.

A 1A BT -2, AR 9E & BUAS FR AL & B F
SOD. POD Fl CAT Z&fkita iS5 hk A i) 481k

fb 4 FhESFRALE MR Fy/F, (HY 2 ETHES,
AT FEEU PR AT BE DG R P R AR AN T SRR

S8 PS T ESOLREH AR £ 4 L

R ) 57 ) 305 A T4 P 3 R R OB ST
SRR A TR A, & BB i A
ZRNWA, BT R, B Z B RrLk A SR
TRanr, et rh CAT iE 2 LIk,
SOD F1 POD i 25 FTHE TR, G
T AR AT PR RE ), O A SR

BHRA AR, P IEN R, B, 24
AR I EKEATE 22 B, BhRTERS
ARG RGBSR AR, A R A 15 ik
— I AT T R eR B T A 45 2R
AN SR RPURE S A A A P R R R B —
2, PR TR L BEARHAR T TE L) R
SR RS TR TS %



AR

T, A SO SR ) [a]Rl B G b S OGS R R AR PR RS20

111

4

it

SR JE BREO T I AO R A E VE T B 6 Rl RE

fEAiAR (ER) BrREHIENEER N 14-7>15-1>3
fili 3 5>10-1>1-8>22-46, FHSEFA R [a] il S
I AT R a2 0F F A RE R
SEALBHG T 225

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[ &3k ]

MR E, sk S FRE R T0FE KRR
HE[J]. PEmH S, 2021, 53(1): 1. DOIL: 10.13855/j.cnki.ly
2s.2021.01.001.

TEE, AR, TS, %, T2 Mha s 3F3F Rl
M OE s SRR S R A B AL R G R[],
TEH X RMHF 7T, 2019, 37(1): 178. DOI: 10.7606/j.is
sn.1000-7601.2019.01.25.

R, BRI, 28 TAr, 25 35 BRI P i i (X 3R 9
R R AR L[], FEALRE Y 4k, 2007, 27(4): 747.
DOI: 10.3321/j.issn:1000-4025.2007.04.017.
JIXL,LIHL, QIAO Z W, et al. The BTB-TAZ protein
MdBT2 negatively regulates the drought stress response
by interacting with the transcription factor MANAC143
in apple[J]. Plant Science, 2020, 301: 110689. DOI: 10.
1016/j.plantsci.2020.110689.

KR, SRS A & Ak AR 2% B PR A (],
R, 2020(5): 59. DOL: 10.16626/j.cnki.issn1000-8047.
2020.05.011.

FLEEME, M IERT, MR, & SRR L E TPt ot
FLHEED). HE SR M, 2020(4): 5. DOL: 10.16626/j.cnki.
issn1000-8047.2020.04.002.

Tofh, 1y, AT, T 5 A (R R A A ARG AR
RS H R [I]. B A FR, 2006, 17(5): 835.
DOI: 10.3321/j.issn:1001-9332.2006.05.016.

g, 55 5 o 3 SRk A o o P R 3 ) A BRI
Ri[I]. H A AR R, 2020(8): 64. DOL: 10.3969/j.issn.
1001-1463.2020.08.016.

HOERR, UL, HEF, L. 0 AR R Gt
T 5 M aa B wE AR [0]. [ E 23R, 2020, 47(4): 788.
DOI: 10.16420/j.issn.0513-353x.2019-0469.

TR A O3 BB AK o TR B B B B M L [D]. ¥
7 AR MEHE K2, 2016.

BAFFIE, T, BRI, . B9 SRS RS AR
PUE VP[], T 5 XCRE 5T, 2012, 30(4): 105.
DOI: 10.3969/;.issn.1000-7601.2012.04.019.

AR AL YRR SIS R S M) L SEHE
f AL, 2006.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

[24]

[25]

[26]

(27]

G Y AR BRGS0 R EE A B R [M]. db R
GHE HIREE, 2000.
I, B, 25E5A, & T RMba TAFRSRIEZARZ
MR 2R B B A 0 I 0 B A [0, b AR 23], 2022,
37(4): 122. DOI: 10.7668/hbnxb.20192170.
R, NIEELS, 2855, 6. ANET e AR A E &
Fh K O A AP A AL R RS [T]. R R AR R
22247, 2022, 45(3): 545. DOL: 10.7685/jnau.202110025.
B, A%, S, A IR T R SRS A
AR PE RS2 I [T]. PUALRE A 243k, 2017, 37(12): 2444,
DOI: 10.7606/1.issn.1000-4025.2017.12.2444.
FARQUHAR G D, SHARKEY T D. Stomatal conduct-
ance and photosynthesis[J]. Annual Reviews of Plant
Physiology, 1982, 33: 317. DOI: 10.1146/annurev.pp.33.
060182.001533.
X, FREE, T3, 5. A ERERAEA A K S
FEMELD). PEALREIAR, 2018, 38(9): 1707. DOIL: 10.7606/
j.issn.1000-4025.2018.09.1707.
FLEME, BIENT, SR, S SRR I s
HOBEFE B R [J]. PEAERL 4k, 2020, 29(4): 487. DOL:
10.7606/j.issn.1004-1389.2020.04.001.
B, s, ATAR 2, 85, 7K 43 e SR 1 A K 2
AR R VOCRE IR, = B AR K240 (E SRR
££),2019, 34(3): 503. DOL: 10.12101/j.issn.1004-390X(n).
201807002.
SRAFNE, SKER I, PRIE, 55, 2 ARSI X K 43 e 19 AR
A BL[J]. = AR KR F 5 R (B AR, 2013, 28(2):
247. DOI: 10.3969/j.issn.1004-390X(n).2013.02.018.
BN, &, £, 5. T 2 Wa A b E s
FE S SR By A R e G R PO R R [T].
B X AR AV HF T, 2019, 37(5): 83. DOIL: 10.7606/j.issn.
1000-7601.2019.05.13.
T wige, WAL, T —, & F 50300 A b
AR110R. 1103PHISBBR J o6& e 1 R i A A B 77 1
s n). Ak 5 FE 2, 2021(13): 43. DOIL: 10.11937/bfyy.
20204244,
XIS, K FREEH, S ST, T 5 M 0 S SR i v 1 A
AR K 1533 P T B RZm[I]. 76 b AR 2 B 22 4R, 2013,
28(2): 15. DOI: 10.3969/.issn.1001-7461.2013.02.03.
BB, FE, TLOCEE. AR AR G5 50 R0t Eh 55
T IE R[] Y IR AOI R, 2017, 45(23): 153. DOL:
10.15889/j.issn.1002-1302.2017.23.042.
] W0 7 . 3 SRS TR Al AR A B R A B R ) L A T
FL[D]. ¥e: FHALRME K, 2017,
RN, = Al Ak (ARl %o < e 3 TR R A 7=
S IR LU 7T [D]. PhRH: JLRR AL K2, 2018.
WAEG R AT,


https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.13855/j.cnki.lygs.2021.01.001
https://doi.org/10.7606/j.issn.1000-7601.2019.01.25
https://doi.org/10.7606/j.issn.1000-7601.2019.01.25
https://doi.org/10.3321/j.issn:1000-4025.2007.04.017
https://doi.org/10.1016/j.plantsci.2020.110689
https://doi.org/10.1016/j.plantsci.2020.110689
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.05.011
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.05.011
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.04.002
https://doi.org/10.16626/j.cnki.issn1000-8047.2020.04.002
https://doi.org/10.3321/j.issn:1001-9332.2006.05.016
https://doi.org/10.3969/j.issn.1001-1463.2020.08.016
https://doi.org/10.3969/j.issn.1001-1463.2020.08.016
https://doi.org/10.16420/j.issn.0513-353x.2019-0469
https://doi.org/10.3969/j.issn.1000-7601.2012.04.019
https://doi.org/10.7668/hbnxb.20192170
https://doi.org/10.7685/jnau.202110025
https://doi.org/10.7606/j.issn.1000-4025.2017.12.2444
https://doi.org/10.1146/annurev.pp.33.060182.001533
https://doi.org/10.1146/annurev.pp.33.060182.001533
https://doi.org/10.7606/j.issn.1000-4025.2018.09.1707
https://doi.org/10.7606/j.issn.1000-4025.2018.09.1707
https://doi.org/10.7606/j.issn.1004-1389.2020.04.001
https://doi.org/10.12101/j.issn.1004-390X(n).201807002
https://doi.org/10.12101/j.issn.1004-390X(n).201807002
https://doi.org/10.3969/j.issn.1004-390X(n).2013.02.018
https://doi.org/10.7606/j.issn.1000-7601.2019.05.13
https://doi.org/10.7606/j.issn.1000-7601.2019.05.13
https://doi.org/10.11937/bfyy.20204244
https://doi.org/10.11937/bfyy.20204244
https://doi.org/10.3969/j.issn.1001-7461.2013.02.03
https://doi.org/10.15889/j.issn.1002-1302.2017.23.042

	1 材料与方法
	1.1 试验材料与处理
	1.2 试验方法
	1.2.1 光合参数和叶绿素荧光参数的测定
	1.2.2 抗氧化酶活性的测定
	1.2.3 抗旱性分析

	1.3 数据统计与分析

	2 结果与分析
	2.1 干旱胁迫对苹果砧木及砧穗组合叶片光合参数的影响
	2.2 干旱胁迫对苹果砧木及砧穗组合叶片叶绿素荧光参数的影响
	2.3 干旱胁迫对苹果砧木及砧穗组合叶片抗氧化酶活性的影响
	2.4 不同苹果砧木及砧穗组合的抗旱性

	3 讨论
	4 结论
	参考文献

