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Leaf Anatomical Structures and Drought Resistance
Evaluation of Coffea arabica

WANG Ruifang'?*", MA Jian', PAN Gengyun', CHEN Guosong', ZHAO Wanli?

1 College of Agriculture and Forestry, Puer University, Puer, Yunnan 665000, China
2 Rural Development Research Center, Puer University, Puer, Yunnan 665000, China
3 Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303, China

Abstract Leaf anatomical characteristics of 7 Coffea arabica cultivars were investigated to reveal the drought-
resistant strategies in Puer, Yunnan. The stomatal density (SD), leaf thickness (LT), cuticle thickness (CT), palisade
mesophyll thickness (PT), spongy mesophyll thickness (ST) and vein density (VD), and calculated mesophyll structure
tense ratio (MTR), mesophyll structure loosened ratio (MLR) and stomatal pore area index (SPI) were measured.
Results showed that 9 leaf anatomical characteristics were significantly different among cultivars. PT and MTR
could be effective indicators of drought resistance for C. arabica based on principal component analysis. Derel69,
P7963 and Aika were the most drought-resistant cultivars, the remaining cultivars were more drought-resistant
than CCC,24.
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Table 1 Leaf anatomical structure characteristics of C. arabica
SD/No. + mm™ MTR/ MLR/ SPI LT/pm
P7963 (174.98+7.59)cd (32.38+0.52)b (55.43+£0.54)b (13.50+0.69 )be (329.36+5.27)b
296 (236.81+3.88)a (24.04+0.36)d (61.35+£0.33)a (20.02+0.78 )a (316.74+£1.90)c
CCC24 (181.06+4.24 )¢ (21.38+0.34 )e (62.36+0.32)a (13.34+0.83 )c (262.77+£2.08 )e
P2 (229.08+4.98 )a (30.27£0.37 )¢ (54.89+0.32)be (16.31£0.53)b (287.94+1.66)d
(163.94+4.67)d (35.22+0.41)a (52.16+£0.42)d (12.05+£0.53)c (324.57+1.76)be
169 (194.86+3.41 )be (33.74+0.68 )ab (53.90+0.68 )c (14.83+£0.47)b (342.46+4.99)a
(208.10+5.40)b (31.55+0.78 )be (53.51+0.65)cd (14.76£0.51)b (282.78+4.54)d
means 198.40 29.80 56.23 14.97 306.66
cv 17.95 18.19 7.85 26.30 10.46
CT/pm PT/pm ST/pm VD/pm-+ pm™
P7963 (7.30£0.19)b (106.82+2.72)b (182.49+3.30)b (6.57£0.11)c
296 (7.63+0.13)a (76.14£1.16)d (194.34+1.69)a (6.55+0.09)d
CCC24 (6.39+0.10)b (56.22+1.11 )e (163.91£1.73 )cd (8.16+0.13)a
P2 (7.26+0.10)b (87.26x1.41)c (158.01+1.01)d (6.89+0.12)b
(7.25+0.10)b (114.32+1.53)a (169.29+1.68 )¢ (7.00£0.16)b
169 (7.32+0.09 )b (115.54+2.82)a (184.74+3.82)b (7.36+0.08 )a
(7.33+0.10)b (89.71£3.16)¢ (151.11£2.63 )e (7.06+0.10)d
means 7.21 92.29 171.98 7.09
cv 9.64 24.66 10.99 10.87
(p<0.05) + (n=25). , LT; , CT;
. PT; . ST; , SD; , VD; , MTR; .
MLR , SPI, o

Note: Different lowercase letters suggest significant differences among cultivars for the same characteristic results from one —way ANOVA
(Duncan’s test, p<0.05). Mean and SE (n=25). SD, stomatal density; MTR, mesophyll structure tense ratio; MLR, mesophyll structure loosened ratio;
SPI, stomatal pore area index; LT, leaf thickness; CT, cuticle thickness; PT, palisade mesophyll thickness; ST, spongy mesophyll thickness; VD,
vein density; CV, coefficient of variation. The same as below.
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Table 2 Correlation coefficients among characteristics of leaf anatomical structures
MTR MLR SPI LT cT PT ST VD
SD -0.171" 0.150" 0.783™ -0.107 0.187" -0.167" 0.005 -0.121
MTR -0.944™ -0.159" 0.545™ 0.288"™ 0.943™ -0.155" -0.235"
MLR 0.189™ -0.319™ -0.294™ -0.813™ 0.412™ 0.131"
SPI 0.042 0.186™ -0.099 0.176" -0.183"
LT 0.295™ 0.792™ 0.732™ -0.298™
CT 0.327™ 0.072 -0.263™
PT 0.177" -0.289™
ST -0.192"

* p<0.05; % p<0.01; % p<0.001; n=25.

3
Table 3 Subordinate function values of C. arabica and their ranking by different variables
P7963 296 CCC,24 P2 169
SD 0.520(4) 0.632(2) 0.280(7) 0.526(3) 0.470(5) 0.707(1) 0.416(6)
MTR 0.316(7) 0.409(5) 0.339(6) 0.626(2) 0.608(3) 0.657(1) 0.518(4)
SLR 0.355(7) 0.447(4) 0.429(5) 0.618(1) 0.601(3) 0.612(2) 0.408(6)
SPI 0.420(4) 0.511(1) 0.395(6) 0.357(7) 0.397(5) 0.449(3) 0.459(2)
cT 0.548(2) 0.444(5) 0.429(6) 0.408(7) 0.518(3) 0.597(1) 0.447(4)
LT 0.487(4) 0.446(6) 0.542(2) 0.381(7) 0.591(1) 0.467(5) 0.489(3)
PT 0.631(1) 0.429(5) 0.389(7) 0.398(6) 0.569(4) 0.579(3) 0.598(2)
ST 0.579(2) 0.536(5) 0.438(7) 0.624(1) 0.569(3) 0.466(6) 0.539(4)
VD 0.385(6) 0.331(7) 0.443(4) 0.427(5) 0.469(2) 0.465(3) 0.504(1)
Note:'Values in parentheses show the rank wi‘thin the same row.
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Table 4 Factor loading matrix of main composition
and principal component eigenvalues

F, F, F;
SD -0.205 0.687 -0.579
MTR 0.942 -0.191 -0.208
MLR -0.837 0.340 0.405
SPI -0.144 0.795 -0.424
LT 0.754 0.407 0.480
cT 0.436 0.358 -0.281
PT 0.984 0.022 0.039
ST 0.123 0.636 0.752
VD -0.367 -0.426 0.040
Eigenvalues 3.526 2.137 1.600
of Variance 39.174 23.743 17.778
Cumulative 39.174 62.917 80.695
5
Table 5 Principal component factor scores and
ranking of synthetic scores
F F, F
P7963 1.235  0.057 0.859 0.806 2
296 -1.159  2.553 0.268 0.248 4
CCCy24 -3.269 -1.215 0.547 -1.824 7
P2 -0.272  0.1116 -1.312  -0.388 6
1.830 -1.051 0.374 0.662 3
169 1.608  0.272 0.602 0.994 1
0.026 -0.728 -1.338  -0.496 5
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