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Abstract: The study of the leaf anatomical structure of macadamia germplasm resources and its drought resistance was
aimed to provide theoretical basis for macadamia seed breeding, introduction and cultivation. 11 leaf anatomical pa-
rameters of 20 macadamia germplasm resources were analyzed and compared using paraffin section technique. The
drought resistance of different germplasm resources was comprehensively evaluated by the principal component analy-
sis, membership function method and systematic clustering method. The results showed that macadamia leaves were
typical leaves with different faces, and there were significant differences among the anatomical structure indexes of
different germplasm resources (P<0.01). Principal component analysis showed that the order of the eleven indexes re-
flecting the drought resistance of macadamia was thickness of palisade parenchyma thickness>leaf thickness>cell tense
ratio>palisade/spongy tissue>sponge ratio>upper cuticle thickness>lower epidermis thickness>upper epidermis thick-
ness>lower cuticle thickness>midrib thickness>spongy parenchyma thickness. According to the membership function
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method and the weight of each index, the order of drought resistance of the 20 macadamia germplasm resources was as
follows: No. 1>No. 19>No. 5>No. 10>No. 14>No. 11>No. 16>No. 7>No. 2>No. 20>No. 8>No. 13>No. 18>No. 15>No.
9>No. 3>No. 6>No. 4>No. 17>No. 12. After “Z-score” standardization, the 20 germplasm resources were classified into
3 groups at 15 genetic distances. No. 1, No. 5, No. 10, No. 11, No. 14, No. 16 and No. 19 had thicker leaves, developed
palisade tissue, higher palisade/spongy tissue and cell tense ratio than other germplasms, and had higher water retention
and photosynthetic capacity, so they were high drought-resistant groups. The leaves, epidermis and cuticle of No. 3, No.
4, No. 6, No. 9, No. 12, No. 15 and No. 17 were thin, and the leaves were relatively loose, showing low drought resis-

tance, so they were low drought resistance groups. The drought resistance of other germplasms was in the middle.
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Tab. 1 Information of test materials
e T G HEH b Rk
No. Germplasm No. Source  Variety characteristics
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2 YITCMAC00004  Hi[H [Eha
3 YITCMAC00006 " [H e
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11 YITCMAC00043 [ Pt 5
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15 YITCMAC00058  tt VRN 7 N
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Fig. 1

Leaf anatomical structure of macadamia
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Tab. 2 Comparison of anatomical structure of leaves
T kR FERE RREM OTREM A 43 Wi Hﬁ%@ﬂﬂ%ﬁ@ I
No.  LT/um JERE BRSO REEE REREE HZUR HLE E 0 TN MT/pm
UET/um  LET/um  UC/um  LC/um  PT/um  J¥ ST/um CTR SR

1 333.06£25.93 19.04+£1.21 12.19+1.46 7.66+1.03 4.37+0.65 121.21£10.26 164.27+20.62 0.75+0.09 0.36£0.02 0.49+0.03 830.3050.85
2 309.22+34.67 18.23£1.18 12.77+0.51 7.94+0.73 4.08+0.58 101.36+21.55 167.20£18.84 0.61+0.11 0.32+0.04 0.54+0.04 818.80+75.97
3 324.29+12.63 17.33+1.36 10.98+1.43 7.67£0.41 3.29+0.60  96.12+£14.48 188.27+22.43 0.53£0.14 0.30£0.05 0.58+0.06 794.83£95.60
4 292.54+8.66 16.43+1.00 12.00£0.86 7.63£0.92 3.92+0.58 84.67+8.87 159.58+15.32 0.54+0.10 0.29+0.03 0.55+0.06 1182.93+72.63
5 326.84+16.15 18.63+1.13 12.86£1.08 7.31£0.76 3.33+0.51 117.64+8.55 167.74+14.86 0.71+0.08 0.36£0.02 0.51£0.03 992.37+57.04
6 290.66+19.55 15.33+0.91 10.40£1.27 6.92+0.67 4.17£0.48 91.61£8.55 156.23+13.10 0.59+0.03 0.31+0.01 0.54+0.02 853.07+73.27
7 324.65+23.38 17.65+1.23 13.91+£0.98 7.28+0.53 4.34+0.67 104.28£9.40 174.99+17.59 0.60+0.07 0.32+0.03 0.54+0.02 1021.23+89.22
8 304.69+36.77 17.79+1.12 13.12£1.07 7.87+0.49 4.55£0.53  94.78+7.02 163.97+31.99 0.59+0.09 0.31£0.03 0.53£0.04 830.80+98.70
9 276.43+29.96 16.92+1.69 12.17£0.97 7.53£0.67 3.85+0.80 89.41+18.66 146.10+16.35 0.61+0.13 0.32+0.04 0.53£0.04 911.43+89.60
10 322.73+58.15 16.05£1.95 11.79+1.06 7.91x1.15 4.99+1.08 110.92+18.76 157.39+27.85 0.70£0.08 0.34=0.03 0.49+£0.03 951.74+23.81
11 299.26+34.04 17.62£1.51 12.30+0.94 7.43+0.66 4.35+0.69 108.85+3.81 147.79+30.55 0.76£0.13 0.37£0.04 0.49+0.05 785.67+39.65
12 269.55+11.30 15.21£0.97 11.09+1.13 6.16+0.57 3.90+0.55 84.48+9.47 145.71£8.65 0.58+0.07 0.31£0.03 0.540.04 647.07+57.20
13 303.35£17.67 16.48+1.56 11.45+1.08 8.29+0.85 4.39+0.53  97.19£12.21 160.05£10.70 0.6120.07 0.32+£0.03 0.53+0.03 874.23+81.13
14 331.24+36.19 18.89+1.57 12.21+1.14 8.72+0.77 4.89+0.47 107.62+10.68 174.01£23.97 0.62+£0.04 0.33£0.01 0.52+0.03 999.97+99.50
15 294.27+17.83 18.02+1.30 11.42+0.61 7.42+0.61 4.08+0.32 93.51+6.06 158.32+14.56 0.59+£0.05 0.32:+£0.02 0.54+0.02 918.63+112.11
16 312.27+14.20 19.60+1.04 14.72+1.45 7.88+0.45 4.07+0.53 105.53+4.86 159.20+14.55 0.67+0.08 0.34=0.03 0.51£0.03 909.27+68.38
17 313.77£22.91 10.56£0.90 10.08+0.84 7.12+0.51 3.93+0.96  98.62+7.53 178.36£20.67 0.56£0.05 0.32+0.02 0.57+0.04 477.73+43.43
18 285.94+9.88 16.86+1.30 11.22+0.94 6.91+0.54 4.35+0.44 95.50+3.23 144.78+7.94 0.66:0.04 0.33+0.02 0.51+0.03 776.13£97.21
19 336.12+17.30 16.91+1.08 12.38+1.41 7.63+0.85 4.49+0.76 118.33£14.50 172.77+14.34 0.69+0.11 0.35£0.03 0.51£0.04 911.73+21.29
20 327.16£41.26 14.55£1.74 12.49+1.39 7.97+0.87 3.96£0.38 101.21+22.62 179.94£26.76 0.56=0.08 0.310.04 0.55+0.03 1309.50+87.54
AR5
ZH 6.34 11.84 9.21 7.25 10.23 10.52 7.49 10.71 6.51 4.58 19.69

1%

F 7.56" 35947 15417 8.31" 6.03" 10.78" 6.33" 9.8 7.98™ 6.44" 15.86"

i

TR EFWEE (P<0.01),

Note: ™ indicate extremely significant difference (P<0.01).
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Tab. 3 Principal component analysis of anatomical
structure trait of leaves

PR FE 45 Principal component

Trait PC, PC, PC; PC,
R 0.209 0.945 0.206 0.072
RIS 0.329 0.009 0.793 ~0.050
TREIERE 0.221 0.152 0.838  —0.039
FREMTZEE -0.075 0.489 0.481 0.577
TREMTZEE 0314 -0.085  —0.011 0.885
MR 4 2R 0.771 0.608 0.152 0.056
T4 4 SR -0.353 0.923 0.037 -0.106
W L 0977  -0.066  0.101 0.119
S R B 0.990 0.053 0.027 0.037
- S R B BE ~0.882 0267 —0.213 —0.289
rp KR B -0.193 0.126 0.712 0.238
FRIE(E 4.344 2.860 1.505 1.047
TR/ % 34.304 22.530  20.079 11.771
BTtk /% 34.304 56.835  76.913 88.684
5 RS ERDOCE R B . 7256

2 FEgr, R R RN 4 2 2R R i A A
i, FERSHESKSMHCHE T, 58 3 £
B, BT REBENEMGER S, FEES
PR R EOKBE AR T 5 4 ERsrT,
R REMARZEE AR R, FEESR
P 4 AR G 5

# LT, UET. LET. UC, LC, PT, ST, P/S.
CTR. SR. MT Zr4lich Xi~Xi,, HF55rHr
A5 S B8 1 23 501 B LA 45 32 1040 %o 7 PR AR AT A ) 33
RFFH, RIGFEWD Fi. Fa. F3. FyfFRAR
G3A

F1=0.100X,+0.158X,+0.106.X3—0.036.X,+
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0.424X,0—0.093.X1,

F,=0.559X,+0.005X,+0.090X3+0.289.X4—

0.050X5+0.360X5+0.546X7—0.039X5+0.031 Xy +
0.158X,0+0.075X,

F3=0.168 1+0.646X,+0.683X;3+0.392.X,—
0.009X5+0.124.X¢+0.030.X7+0.082.X3+0.022.Xo—
0.174X,0+0.580.X,,

F4=0.070X,-0.049X,—0.038X3+0.564.X,+
0.865X5+0.055X,—0.104X7+0.166X5+0.036.X9—
0.283.X70+0.233X7,

HRYE 4 D F A, TR FE SRR
B2 WO F
F:(j.1F1+12F2+13F3+A4F4)/(ﬂ1+}.2+i3+ﬂ4) , :—Et ’:F‘ :

Ais Aoy Az A AT R 4 A AN EREAR RO, B

F=0.242X,10.166X,+0.175X3+0.189.X,+

0.144X5+0.295X+0.078X7+0.222 X3+0.228 Xo—
0.199.X9p+0.095X,
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Tab. 4 Membership function values and drought resistance values of 20 macadamia germplasm resources
= = i AL Vot . It gj: ARG gﬂ: % X
N R bR TREA A 2 WL Jlrh:nm tR S Tk s
No. R LT FE UET e Lpr PURIE TR AAURE alsUE o RE mME M D o
ST . uc LC PT ST CTR SR MT
1 0.954 0.938 0.455 0.586 0.637 1.000 0.448 0.930 0.955 0.023 0.424 1.459 1
2 0.596 0.848 0.580 0.693 0.463 0.460 0.515 0.339 0.445 0.582 0.410 0.860 9
3 0.822 0.749 0.194 0.589 0.000 0.317 1.000 0.000 0.099 1.000 0.381 0.500 16
4 0.345 0.650 0.413 0.574 0.368 0.005 0.340 0.060 0.000 0.624 0.848 0.423 18
5 0.861 0.893 0.599 0.450 0.024 0.903 0.528 0.764 0.901 0.257 0.619 1.240 3
6 0317 0.528 0.070 0.299 0.515 0.194 0.263 0.260 0.318 0.524 0.451 0.454 17
7 0.828 0.784 0.825 0.437 0.620 0.539 0.695 0.317 0.409 0.537 0.653 0.979 8
8 0.528 0.800 0.654 0.666 0.741 0.281 0.441 0.293 0.305 0.487 0.424 0.803 11
9 0.103 0.704 0.450 0.536 0.331 0.134 0.030 0.380 0.403 0.445 0.521 0.549 15
10 0.799 0.607 0.369 0.683 1.000 0.720 0.290 0.738 0.641 0.000 0.570 1.231 4
11 0.446 0.781 0.479 0.496 0.621 0.663 0.069 1.000 1.000 0.000 0.370 1.191 6
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