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Effects of exogenous ABA on leaf anatomy and
hormone contents of apple rootstocks

WANG Shun-cai', LI Chao®, SHI Shou-guo®, MA Feng-wang’
(1. College of Bioengineering and Technology, Tianshui Normal University, Tianshui, Gansu 741000, China;
2. College of Horticulture, Northwest A & F University, Yangling, Shaanxi 712100, China)

Abstract: The changes of leaf anatomical features and chloroplast ultrastructure of three apple grafting root-
stocks, viz., Malus prunifolia, M. hupehensis and M. sieversii seedlings which were subjected to exogenous abscisic
acid (ABA) for 24 h, were investigated by light microscope (LM) and transmission electron microscopy ( TEM).
The effects of exogenous ABA on stomatal features and endogenous hormone contents in leaves of three apple graft-

ing rootstocks seedlings were also studied by scanning electron microscopy (SEM) and enzyme-linked immunosor-
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bent assay ( ELISA). Compared with control plants ( without ABA treatment) , observation of LM showed that the
leaf thickness of M. prunifolia, M. hupehensis and M. sieversii decreased by 7.93% , 0.25% and 0.81% , and their
palisade tissue thickness significantly decreased by 31.43% , 8.53% and 4.99% ( P<0.05) , respectively. However,
the sponge tissue thickness of these three apple rootstocks significantly increased by 10.34%, 6.14% and 5.63%
(P<0.05), and their scattered rate (SR) increased by 19.59%, 6.55% and 6.50%, respectively. The palisade
tissue/spongy tissue (P/S) of M. prunifolia and M. hupehensis significantly decreased by 37.86% and 13.82% ( P<
0.05) , and their cell tightness rate (CTR) decreased by 25.46% and 8.29% under ABA treatment ( P<0.05) ,
and then those of M. sieversii also reduced but not significantly. The upper epidermis thickness of M. prunifolia and
M. hupehensis increased by 5.82% and 6.43% under ABA treatment, while that of M. sieversii significantly de-
creased by 26.23% (P<0.05). The lower epidermis thickness of M. prunifolia and M. sieversii significantly in-
creased by 12.09% and 14.21% under ABA treatment ( P<0.05), while that of M. hupehensis decreased by
12.56%. The upper and lower cuticle thickness in leaves of M. hupehensis and M. sieversii significantly increased
under ABA treatment ( P<0.05), while the changes of upper and lower cuticular in leaves of M. prunifolia was not
obvious. Observation by SEM indicated that the stomatal density, stomatal size, and the stomatal opening degree
and rate of three apple rootstocks presented the decline of different degrees under ABA treatment. For example,
those of M. prunifolia decreased by 3.62% , 7.12%%19.59% , 67.60% and 86.66% , and those of M. hupehensis de-
creased by 3.50%, 4.99%x20.65% , 32.42% and 58.24% , as well as those of M. sieversii decreased by 8.54% ,
0.92%x12.06% , 20.37% and 16.35% , respectively. For three apple rootstocks, analysis of TEM probably indica-
ted that chloroplast numbers in palisade tissue and spongy tissue cells reduced, thylakoid structure arranged
loosely, and there was a slightly hint that starch grains in chloroplast became smaller in a shape after ABA treat-
ment. Under ABA treatment, the contents of ABA and ZR in leaves of three apple rootstocks significantly increased
(P<0.01). Compared with the control, the contents of ABA and ZR in M. prunifolia increased by 30.83% and
13.31%, those of M. hupehensis increased by 62.40% and 45.28% , and those of M. sieversii increased by 37.07%
and 17.06% , respectively. There were no obvious changes in endogenous IAA and GA levels for M. sieversii and M.
prunifolia leaves between control and ABA conditions, but those of M. hupehensis significantly increased by 62.62%
and 20.62% under ABA treatment ( P<0.01) , respectively. Overall, the three apple rootstocks seedlings response
to exogenous ABA treatment commonly have an adaptive change of xeromorphic structure between leaf anatomy and
stomata traits, and the size of starch grains in chloroplast has an obvious degradation. The contents of endogenous
ABA and ZR in leaves of three apple rootstocks show significant increases under ABA treatment, while the changes
of endogenous TAA and GA levels are different due to their different genotypes.
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Note: (A) ~(C) represent the leaf cross sections of M. prunifolia, M. hupenensis and M. sieversii under control

condition, and (D) ~ (F) represent those of three apple rootstocks under ABA treatment, respectively. UE, upper ep-

idermis; LE, lower epidermis; PC, palisade tissue cells; SC, spongy tissue cells; ST, stomata. Bar, 50.0 wm.
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Fig.1 Effect of ABA treatment on leaf anatomical structure of three apple rootstock seedlings
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Table 1 Changes of leaf anatomical structure of three apple rootstock seedlings under ABA treatment
22 A2 - 4 T g /¥4
PR i fﬁir fﬁr ﬂfﬁﬁrﬁ afrgzrm ﬁzrr‘% AL AL
> i %ﬁ'/l.bm 2R (20583 5 =853 HARRE
o T o N - U MR s
Apple Thickness Thickness of ~ Thickness of Upper Lower Palisade/
Treatment Cell tightness Scattered
rootstock of leaf palisade spongy epidermis epidermis spongy tissue
rate(CTR)/% rate(SR)/%
tissue/ wm tissue/pwm  thickness/pum  thickness/pm (P/S)
T CK 207.66+7.52  89.81+£5.18  92.18+5.52  13.74%1.49 11.91+1.17 0.97 43.2 44.4
M. prunifolia ABA  191.20£3.91" 61.58+4.30% 101.71£6.53" 14.54x1.72  13.35+1.09" 0.61° 3227 53.1°
S 2R CK 263.54+7.44  98.60+4.63 136.86+2.86  15.09+1.07 12.98+0.65 0.72 37.4 51.9
M. hupehensis  ABA 262.89+7.81 90.19+1.68* 145.27+3.83" 16.06+2.04 11.35+1.68 0.62* 343" 55.3
FrEEpsEgE CK 255.10+6.41  110.14+4.55 113.85+8.21 18.30+1.59 12.81+1.81 0.97 43.2 44.6
M. sieversii  ABA 253.04£10.31 104.64+5.97" 120.26+6.97* 13.50+1.40" 14.63£1.67" 0.87 41.4 47.5

TE: R PR AP B AR E R, + FOR P<0.05 BFKF, T,

Note: Data represents the means + SD. * mean significantly different at P<0.05. The same below.
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Note: (A) ~(C) represent the chloroplast ultrastructure of M. prunifolia, M. hupenensis and M. siev-

ersti under control condition, and (D) ~ (F) represent those of three apple rootstocks under ABA treat-

ment, respectively. CP, chloroplasts; SG, starch grain; CW, cell wall. Bar of (A) ~(D) and (F), 1

wm; Bar of (E), 2 pm.
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Fig.2 Effect of ABA treatment on chloroplast ultrastructure of three apple rootstock seedlings
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o (A) ~ (C) M BIRH T BT S Hrm e 3 X Bt B R 2 (D) ~ (F) 43318 L3k 3 Fiobh kL ABA AbBEEY
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Note: (A) ~(C) represent the upper cuticle in leaves of M. prunifolia, M. hupenensis and M. sieversii under control condition,

and D~F represent those of three apple rootstocks under ABA treatment, respectively. Ct, cuticle; CW, cell wall; PM, plasma mem-

brane. Bar of (A) ~(E), 2 pm; Bar of (F), 5 pm.
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Fig.3 Effect of ABA treatment on leaf cuticle thickness of three apple rootstock seedlings
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Fig.4 Changes of the upper and lower cuticle thickness in leaves of three apple rootstock

seedlings under ABA treatment

L 28005820 i 3 L ; > v
T (A) ~ (C) G 3 Mk 1 B IS SR i B 52 S E % i i SfL 5 (D) ~ (F) 4850 13k 3 Fobh okl ABA Ab
BIAOCAL. FRI(A) L (C) ~ (F) 120 pms (B) 50 .,
Note: (A) ~(C) represent the stomata of control seedlings from M. prunifolia, M. hupenensis and M. sieversii, and
(D) ~ (F) represent those under ABA treatment, respectively. Bar of (A), (C)~(F), 20 pm; Bar of (B), 50 pm.
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Fig.5 Effects of ABA treatment on leaf stomata properties of three apple rootstock seedlings

16 ABA AbEET Wk |1 & FH 28 o e B S R
(AL B BN B4 5 T R T 3.62% . 3.50% Fi
8.54% (6 (A) ) s k1AL K/ (K EEXTFERE ) 38
SR RRET 7.12%%19.59% ( P<0.05) , & Ft 25 1Y
SILK/NFFE T 4.99% x20.65% , 111 37 96 B 3 F 1
ALKV AR /N HBEIE N 0.92% x 12.06%
(K 6(B).6(C)),

EjXTEAH B, ABA A0 B AR T | O B2 EIEAS OB
SRR AL IR EE S TR T 67.60% (32.42%
F120.37% (P<0.05, & 7(A)) , HIF5K 43 5 F B
T 86.66% .58.24%#1 16.35% ( P<0.05, & 7(B) ),
24  ABA AMEXERMEAM 5 NIRHESERN

M2 I UL, SXFREAH L, 7E ABA 5% T, 3 FP
SERREAM B R ABA FI B K ETF (ZR) &8N

81

I (P<0.01) , HHF1) ABA Fl ZR & &
Ay HIBEINT 30.83% 1 13.31% , - & it 4% 4 43 5] 444
T 62.40% A1 45.28% , 1M B 5 B 32 S (9 34 hn T
37.07% F117.06% , ~F- & &t 45 it Fe o J8005] D¢ & 1R
(TAA) ARG ZR (GA) & ik i E 1 i (P<0.01)
Fe HXT R 23 1 36 h 62.629% F1 20.62% 5 111 Wk~ 18T
FEPFSEAL R TAA A GA SR B E ARk, 3 AP
JHE AR B IAA/ABA (ZR/ABA Fl (IAA+GA+ZR)/
ABA HE#R 2 R (P<0.05) 5 MBI 16 ZR/GA |
ZR/TAA Fl ABA/GA LB F 5, Horb P & F A Al
B SRR S R AR AL B I ., P ZR/ GA X
W& | F141.56% .18.92% ( P<0.05) , ZR/IAA {H
350 - 7424.00% 19.23% ( P<0.05) , ABA/GA {H 4}
A EFt 59.929% 38.48% ( P<0.01) ,



=N

953 FIWEA SN ABA XS R0G A I 7 fige F 21 S oA RS & 1 s i 37
500 (A) 30r (B)
25t =
i, 400}
EZ . g x
2 2 =
23 300f @E
o] W E
B e | o2
_‘, 5 200 N; g
;ﬁ A7)
100 [
0 = " . P " : _~ —
SR FEATR  HEITER T R HEETSER
M. prunifolia M. hupehensis M. sieversii M. prunifolia M. hupehensis M. sieversii
fifi K 4 #% Rootstock fili & 44 FX Rootstock
217 (©)
*
. T
.
3 :
— =
"=
= E
w2
r3
LUSh FEAZ O HEEER
M. prunifolia M. hupehensis M. sieversii
fili A 4 B Rootstock
Il CK [ ABA
6 ABA AMET 3 FMERMALYEI F SILZEMSILA/DIEN
Fig.6  Changes of stomatal density and stomatal size in leaves of three apple rootstock seedlings under ABA treatment
501 (A) 1251 (B)
8
2B 40f _E100 .
SN S e
~ &0 * A=
i == L
& 230 wF 7
=5 e
52207 Sz sof .
rE g
S 1o} ﬁ A 25 *
0 0 [ : :
T FEAR BT R T R BRI R
M. prunifolia M. hupchemls‘ M. sieversii M. prunifolia M. hupehensis M. sieversii
fili A 4 % Rootstock fili A 4 B Rootstock
I CK [ ABA
B 7 ABAAMIET 3 FERMALGESALFKER KL
Fig.7 Changes of the opening degree and rate of stomata in leaves of three apple rootstock seedlings under ABA treatment
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Table 2 Changes of endogenous hormone contents in leaves of three apple rootstock seedlings under ABA treatment
FERAHA i ABA 7R IAA GA IAA ZR ZR ZR ABA (IAA+GA+ZR)
Apple rootstock Treatment  /(ng - g™') /(ng-g™") /(ng-g™") /(ng+g') /ABA /ABA /IAA /GA /GA /ABA
WF CK 66.60+£0.98 17.00+£0.18 63.87+0.64 16.34+0.23 09 026 027 1.4 407 1.46
M. prunifolia— Agp 96.28+1.91* * 19.61£0.17* * 64.37+0.41 16.89+0.20 0.67*020" 030 116 570° .05 "
& FAE CK 36.78+0.24 8.70+0.08 45.53+0.22 19.33+0.04 124 024 019 045 19 2.00
M. hupehensis — App 97.81£1.42* " 1590+023" " *  62.62+0.67" " 20.62£0.06" * 0.64" " 0.16" 025" 0.77" 4.74*" 101" "
AT CK 64.49+0.89 13.66+0.16 64.57+0.97 22.78+0.11 1.00 021 021 060 283 1.57
M. sieversii— ABA 102481307 " 1647+0.11" " 62.82:031 230:016 06177 0.16" 026" 074" 460°" 099" "

oo o fll* o o« J391R P<0.05 P<0.01 il P<0.001 &K,

Note: #, #* * and * * * mean significantly different at P<0.05,

P<0.01 and P<0.001, respectively.
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