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Phenotypic and physiological drought resistance responses of
Zanthoxylum armatum—Toddalia Asiatica grafted tree
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Abstract; To explore the drought resistance mechanism of Toddalia asiatica as rootstock grafting Zanthoxylum
armatum , the differences in root characteristics, leaf anatomical structure, photosynthetic pigment and physiological
indexes of T. asiatica, Z. armatum and their grafted tree were compared and analyzed, and the yield was measured.
The results showed that each index of 1—year—old T. asiatica seedlings root system was significantly higher than
Z. armatum. Comparing to Z. armatum, the thickness of palisade tissue and spongy tissue of grafted tree leaf in-
creased by 46.57% and 35.38%, and the palisade spongy ratio and the compactness of mesophyll increased by
9.24% and 21.82%. The thickness of grafted tree palisade tissue and sponge tissue were significantly increased
compared to Z. armatum, and the palisade spongy ratio and the compactness of mesophyll were also significantly
improved. The contents of chlorophyll a, chlorophyll b and carotenoid in grafted tree leaves were significantly in-
creased by 13.5%, 87.3% and 33.5% compared with Z. armatum. Meanwhile, the activities of SOD and POD were
respectively increased by 22.1% and 6.4% , and the content of MDA was decreased by 4.6%. The correlation analy-
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sis showed that the content of photosynthetic pigments was significantly positively correlated with the thickness of

palisade tissue, while the content of MDA was significantly negatively correlated with the rest of the indicators, ex-

cept for sponge tissue thickness. The yield results showed that the yield per unit projected area of the grafted tree

was 34.1% higher than that of Z. armatum. In conclusion, the grafting combination can be applied to the breeding

and popularization of drought-resistant rootstock of Z. armatum.
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Fig.1 Root scanning of seedlings in Z. armatum and T. astatica
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Table 1  Comparison of root characteristics of seedlings in T. asiatica and Z. armatum

R SR/ em HUEF cm? FHHEA/ em HRAEL e
Material Total root length Volume Diameter No. of root-tip No. of root-branch
RN T. asiatica 580.99+21.74 23.73+2.58 1.62+0.05 322+10 1440+67
PYAEM Z. armatum 436.25+21.12 13.24£0.27 1.35+0.03 280+12 1125+60
F{H F value 22.800 16.343 18.466 6.336 12.140
P {H P value 0.000 0.000 0.000 0.018 0.002

TE Bl R o M hr iR 22" TR,

Note: The data shows “mean+standard error”. The same below.
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Note: STT: Spongy tissue thickness; PTT; Palisade tissue thickness.
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Fig.2  Cross-section of leaf anatomy of T. asiatica, Z. armatum and their grafted tree
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Table 2 Comparison of anatomical features of T. asiatica, Z. armatum and their grafted tree

’ 2 2 40 L R o T B RN
o) b 2 SR TR T .Hﬂ(ﬁtt F A 5 IWJI.LWL\E
Material Palisade tissue Spongy tissue Leaf thickness/ Palisade spongy Compactness of Porosity of
atert thickness/ m thickness/ pm cat fckness/pm ratio/ % mesophyll/ % mesophyll/ %
R
C 188.86+3.09a 102.00+2.10¢ 367.39+2.75a 185.46+2.67a 51.47+1.16a 27.81+0.75¢
T. asiatica
i i
ﬁ AL 69.83+1.94¢ 113.47+4.50b 277.14+1.59¢ 61.69+2.02b 25.21+0.73¢ 40.97+0.86b
Z. armatum
TR
102.35+2.33b 153.62+4.88a 333.13+4.06b 67.39+3.02b 30.71£0.52b 46.13+1.43a

Grafted tree

I : R R NG FREROR 2253 .35 (P<0.05) . T,

Note; In the same column, different lowercase letters indicate significant differences (P <0.05). The same as below.
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Fig.3 Comparison of photosynthetic pigment content in leaves

of T. asiatica, Z. armatum, and their grafted tree
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Table 3 Analysis of main physiological indexes of T. asiatica,

Z. armatum, and their grafted tree

BARTYE SRR TR

M‘ﬂ’ SOD activity POD activity MDA content
Material ¥ ) T 5
/(U-g?) /(pg+g +min")/(pmol - g™")
o
Y.iEf—J]fll 11.26+0.03a 35.45+0.49a 8.05+0.13¢
T. asiatica
I i
P AL 8.65+0.11¢ 28.05+0.16¢ 15.53+0.05a
Z. armatum
SR A5H 10.56+0.05b 29.85+0.14b 14.82+0.06b

Grafted tree
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Table 4  Analysis of leaf anatomy, photosynthetic pigment content and correlation between main physiological indicators

- i )‘Cﬁﬁ%é‘% - REEMHRR
Index Leaf anatomical structure Photosynthetic pigment content Main physiological indicators
STT PTT PSR Chl.a Chl.b Caro. SOD POD MDA
STT 1.00 -0.41" -0.62" " -0.23 0.14 -0.27 -0.92" " -0.71"* 0.63"*
PTT 1.00 096" " 0.96" * 081"~ 0.97"" 0.49" 0.85" " -0.93" "
PSR 1.00 090"~ 0.66 0.92"* 0.68" 094"~ -0.98" "
Chl. a 1.00 0.89" " 097" " 0.30 0.74" " -0.84" "
Chl. b 1.00 0.83" " -0.08 0.42 -0.57"
Caro. 1.00 0.36 077" -0.88" "
SOD 1.00 082" " -0.76" *
POD 1.00 -0.95"*
MDA 1.00

oo = 43 BIRIRTE P<0.01 KOV LA 35 A P<0.05 /K- 5156 PSR MhfE L

Note: * * and * indicate extremely significant correlation at P<0.01 and significant correlation at P<0.05 level, respectively. PSR: Palisade

spongy ratio.
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Table 5  Analysis of fruit yield of Z. armatum and its grafted tree

e . B R E GERRE S R AL AR
GE} b B A e o e o
Material Canopy/m? No. of branches verage length o verage No. of fruit resh fruit teld of unit projecte
P branches/cm ears per branch yield/kg area/ (kg - m™?)
Pr e Z. armatum - 2.7%x2.3 25+4 117£7.8 a 7+1b 0.78+0.17 0.1256+0.01 b
TG Crafted tree 2.8%2.5 38+6 80+3.7 b 11+1 a 1.17£0.16 0.1684+0.01 a
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