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Comprehensive evaluation of drought resistance of different apricot culti-
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Abstract: [Objective] The common apricot (Armeniaca. vulgaris L.) has 2000 cultivars or genotypes,
but there have been few studies on drought resistance among various cultivars. There are also few re-
ports about the evaluation of drought resistance based on leaf anatomical structure in apricot. This study
aimed to establish an efficient method for drought-resistance evaluation of apricot plants and to screen
out some apricot cultivars with high drought resistance. [Methods] 10 apricot cultivars (accessions)
with different drought-resistance were selected as materials. Paraffin sections and scanning electron mi-
croscopy were used to study the anatomical structures of leaves. Nine structural parameters were detect-
ed, which included leaf thickness (LT), thickness of upper and lower epidermis (TUE, TLE), thickness
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of palisade tissue (TP), thickness of spongy tissue (TS), ration of palisade and spongy (P/S), tightness
of leaf tissue structure (TLTS), looseness of leaf tissue structure (LLTS), and SD. Based on these data,
principal component analysis and subordinate function method were used to analyze the drought resis-
tance of 10 apricot cultivars (accessions). [Results] There were great differences in leaf anatomical
structure among different cultivars (lines). The smallest value of LT was 111.1 pm, and the largest LT
was 222.5 um. The TP and TS varied from 16.0 um to 63.6 pm and from 52.8 um to 90.0 pum, respec-
tively. The P/S value ranged from 0.30 to 0.81. The thickness of the upper epidermal cells was higher
than that of the lower epidermal cells, and the variation ranges of these two indexes were 27.7-39.7 pm
and 13.4-21.8 pum, respectively. TLTS and LLTS ranged from 14.4% to 31.3% and from 40.5% to
54.9%, respectively. Scanning electron microscopy (SEM) revealed that the stomata in apricot leaves
were only distributed in the lower epidermis. Obvious difference of SD among 10 cultivars (accessions)
was also observed. Luotuohuang had the highest stomata density (396 per um®) and G 4-25 had the low-
est (102 per um?®), and the coefficient of variation among the 10 cultivars (lines) was 34.00%. Among
the nine parameters, the coefficient of variation was in the order of TP>SD>P/S>TLTS>LT>TS>
TLSR>TUE. The TP showed the largest difference among cultivars, with a coefficient of variation of
34.58%, while the TUE and LLTS showed little difference, with a coefficient of variation of 10.73%
and 11.71%, respectively. The coefficient of variation for these 9 parameters ranged from 10.73% to
34.58%, which indicates that the anatomical structure change of apricot leaves sensitively responds to
environment conditions. These parameters could be used to evaluate the drought resistance of different
cultivars of apricot. Principal component analysis method was used to screen the crucial indicators. Ac-
cording to the criterium of the factor characteristic value greater than 1 and the cumulative contribution
rate greater than 80%, the first two principal components were extracted out. The contribution rates of
the first and second principal components were 49.61% and 30.65%, respectively, and the cumulative
contribution rates of the first two principal components reached 80.26%, which could well retain most
information of the nine parameters. For the first two principal components, there were difference in the
load values of each parameter. The greater the load value, the greater the contribution rate to the princi-
pal component, and the more effective for evaluating drought resistance. In the first principal compo-
nent, the loading values of TP, LT, P/S and TLTS, which the photosynthetic capacity and drought resis-
tance of plant leaves, were higher than 0.8. In the second principal component, the load value of TLE,
which reflects the protective characteristics of plant leaves, was the largest. By principal component
analysis, TP, LT, P/S, TLTS and TLE were selected as the typical parameters to evaluate drought resis-
tance of apricot. There is no consistent correlation between the anatomical parameters of apricot leaves
and drought resistance. In order to avoid the limitation of a single parameter, the membership function
analysis method was used for comprehensive evaluation. According to the results of principal compo-
nent analysis, five parameters (TP, LT, P/S, TLTS and TLE) were determined as the typical indexes to
evaluate the drought resistance of apricot resources. The membership function method was further used
to calculate these five characteristic parameters, and the membership function values of the five parame-
ters related to drought resistance of the 10 apricot cultivars (accessions) were accumulated and the mean
values were calculated. The higher the value, the stronger the drought resistance. The drought resistance
among the 10 apricot cultivars (accessions) was in the order of Qingmisha>>G 4-25>Pinaizi>Luotuo-
huang>Chuanzhihong>G 4- 43>G 4- 40>G 4- 26>Hongjinzhen>Dayoujia. [Conclusion] The
drought resistance of 10 apricot cultivars (accessions) was comprehensively evaluated. Five parameters

of anatomical structure were selected as the main indexes to evaluate the drought resistance of apricot,



o5 1139

HRARIR, S - FET Y RS S S VPN A A LR RO PR 2383

including leaf thickness (LT), palisade tissue thickness (TP), ration of palisade/spongy (P/S), tightness
of leaf tissue structure (TLTS), and thickness of lower epidermis (TLE). With the mean value of five

typical index membership functions>0.8 as the reference threshold, we found several cultivars (acces-

sions) such as Qingmisha, G4-25, Pinaizi, Luotuohuang and Chuanzhihong had strong drought resis-

tance. These results provide method for the evaluation of drought resistance and for screening and scien-

tific utilization of apricot germplasm resources.

Key words: Apricot; Leaf; Anatomical structure; Drought resistance
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Fig. 1 The microscopic observation of leaf thickness and anatomical structure of apricot
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Table 1 Comparisons of leaf anatomical structures of different apricot cultivars (accessions)
AR
Cultivars LT/um TP/um TS/um P/S TUE/um TLE/um TLTS/% LLTS/%
(accessions)
YroEE
165.143.19d  51.7£1.55b 67.243.45bcd  0.7740.02 ab 32.3+1.61cd  12.3£1.07f 31.3£1.39a  40.7£2.61 cd
Luotuohuang
AL
. 187.0£7.37¢c  44.9+2.90 ¢ 83.4+4.39a 0.54+0.02e  37.242.56ab  19.7+0.50 ab 24.0£2.00b  44.7+3.86 bc
Chuanzhihong
PN/KE
Dayoujia 111.1+#1.32h  16.0+1.90 ¢ 52.8+¢1.29 ¢ 0.30+0.03 f  32.142.40cd  17.8£1.80bcd  14.4+1.61d  47.5+1.56Db
BT
Pinaizi 161.542.58 de  51.1£2.59 b 68.7+7.36 be 0.75+0.04 abc 35.0+1.41 bc  15.3£1.27 de 31.6+1.16 a 42.5+3.89 ¢
AR
. 142.2+1.69 g  29.2+3.34d 59.4+3.24 de 0.49+0.04e  30.1+0.67 d 15.3£1.06 de 20.5£2.37bc  41.8+2.67 cd
Hongjinzhen
HEW
. . 222.5£3.52a  63.6£1.97a 90.0+1.23 a 0.71£0.02bc  39.7+1.86 a 21.842.27 a 28.6+1.28a  40.5+1.04 cd
Qingmisha
G 4-25 197.9+9.73b  60.2£3.05 a 73.9+2.83 b 0.81+£0.01a  36.1£3.19 abc  17.0+0.82 cd 30.5+2.59a  37.4+2.72d
G 4-26 162.6+5.75de  29.1+1.62d 89.3+6.61 a 0.33£0.02 f  31.9+4.12cd  18.4+1.60 be 17.940.48 cd 54.9+2.34a
G 4-40 144.7£4.07 fg  43.6+5.86 ¢ 64.4+2.91 cd 0.68+0.09 cd 36.2+2.41 abc  13.4+0.57 ef 30.1£3.65 a 44.5+0.86 bc
G 4-43 154.1+7.35ef  43.5+1.85¢ 69.2+4.16 be 0.63£0.06d  27.7+3.16 d 15.3+1.65 de 28.3+2.56a  44.9+1.81 bc
A R
Variation 18.72 34.58 17.97 31.60 10.73 17.36 24.28 11.71

coefficient/%

VE:LT. M5 2 TP ML 45 TS, W 4R 4235 5  P/S. MAFLL s TUE. 138 B2 J5 % s TLTS. M 4L 4R 45 0 S 1 LLTS. M AL 4L f i

AL Rl I RAR/NG FRROR Z R 23 (p<0.05). .

Note: LT. Leaf thickness; TP. Thickness of palisade tissue; TS. Thickness of spongy tissue; P/S. Ration of palisade/spongy; TUE. Thickness of up-

per epidermis; TLTS. Thickness of lower epidermis; TLTS. Tightness of leaf tissue structure; LLTS. Looseness of leaf tissue structure. Different small

letters in the same column indicate significant difference (p<<0.05). The same below.
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, Luotuohuang £ Table 3 Analysis of variance contribution rate and
. i eigenvalue
WIBHRHEE
5% Initial eigenvalue
Composition Bt s BRITERR
Total Proportion/% Cumulative/%
1 4.47 49.61 49.61
2 2.76 30.65 80.26
3 0.68 7.60 87.87
4 0.65 7.24 95.11
5 0.36 4.00 99.11
6 0.07 0.81 99.92
7 0.01 0.07 100.00
8 0.00 0.00 100.00
9 0.00 0.00 100.00
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Fig. 2 Difference in stomatal density in lower epidermis of

apricot leaves
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Table 2 Comparisons of stomatal density in leaves of

different apricot cultivars (accession)

PRES LR

Cultivars(accessions) Stomatal density/
(Number - pm™)

U% 1 % Luotuohuang 396+49 a

HiF 41 Chuanzhihong 248+19 b

KAt Dayoujia 269+23 b

B T34 Pinaizi 218450 b

41 4% Hongjinzhen 240+22 b

%7 Qingmisha 244460 b

G 4-25 10246 ¢

G 4-26 1356 ¢

G 4-40 247433 b

G 4-43 262+39 b
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Table 4 Principal components matrix

% Factor %3 Composition
1 2

WA H 43 ) 15 TP 0.989 -0.076
i R LT 0.879 0.413
ML P/S 0.873 -0.469
HYVREE TLTS 0.832 -0.468
YR E LLTS -0.704 0.477
R TUE 0.687 0.387
N JERETLE 0.156 0.895
AL TS 0.508 0.736
AL SD (stomatal density) -0.103 -0.651

23 BT H ST EIE SRR
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Fig. 3 Diagram of apricot drought resistance index component
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Table S Membership function values of five representative indexes of apricot leaves and comprehensive evaluation of

drought resistance

o ——— =
éjﬁii\s)(accessions) LT P PIS L TLTS ﬁfmﬁ?{rj:ﬁership function I@:k?;; i?iiught resistance
U1 3 Luotuohuang 0.48 0.75 092 0.00 0.98 0.63 4
Hi % 4T Chuanzhihong 0.68 0.61 047 0.78 0.56 0.62 5
KAk AE Dayoujia 0.00 0.00  0.00 0.58 0.00 0.12 10
B2 T34 Pinaizi 0.45 0.74  0.88 0.31 1.00 0.68 3
41 4:¥% Hongjinzhen 0.28 028  0.37 0.31 0.36 0.32 9
%7 Qingmisha 1.00 1.00  0.80 1.00 0.82 0.92 1
G 4-25 0.78 093  1.01 0.49 0.93 0.83 2
G 4-26 0.46 028  0.05 0.64 0.21 0.33 8
G 4-40 0.30 058  0.74 0.12 0.91 0.53 7
G 4-43 0.39 0.58  0.65 0.32 0.81 0.55 6
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