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Abstract; This study assessed the adaptability of Zanthoxylum bungeanum seedlings to drought stress and the
difference between different strains including Xunhua ( QHXH) , Fengxian (SXFX), Qinan ( GSQA), Shexian
(HBSX) , and Hancheng (SXHC) in China. A set of pot experiments was conducted to study water consumption,
biomass, and the physiological characteristics of Z. bungeanum seedlings. The one-year-old seedlings of Xunhua
(QHXH) , Fengxian ( SXFX), Qinan ( GSQA), Shexian ( HBSX), and Hancheng (SXHC) Z. bungeanum,

which have better fruit quality in northern China, were used as materials. Four relative soil moisture contents were
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used including 75% ~80% ( suitable water, CK) , 55% ~60% ( mild stress, MIS) , 40% ~45% ( moderate stress,
MOS) and 30% ~35% ( severe stress, SES) in the experiments. The water consumption, biomass, and drought re-
sistance physiological indexes of different strains were measured in conditions of different moisture conditions from
May to August, 2016. The drought resistance of Z. bungeanum seedlings was comprehensively evaluated with the
fuzzy mathematical membership function formula. The results showed that water consumption in Z. bungeanum de-
creased under drought stress, with significant differences (P<0.05) among strains. Under moderate drought condi-
tions, water consumption of QHXH, SXFX, GSQA, HBSX, and SXHC from May to August were 1 148.97 ¢,
1 001.78 g, 923.08 g, 792.92 g, and 951.06 g, respectively. Further increase in drought stress resulted in a re-
duction in total biomass, whereas the ratio of root dry weight to total biomass increased and that of leaf dry weight to
total biomass decreased. Under moderate drought conditions, the leaf dry weight of QHXH, SXFX, GSQA, HBSX,
and SXHC decreased by 42.9% , 42.8%, 40.1%, 38.5% , and 30.5%, respectively. Under extreme drought condi-
tions, these percentages decreased to 61.1%, 58.4%, 52.6% , 48.9% , and 45.6% , respectively. Under severe wa-
ter stress, the height and diameter growth of QHXH, SXFX, GSQA, HBSX, and SXHC decreased by 61.6%,
67.5%, 56.2%, 55.8%, and 47.2% (P<0.05), and 38.7%, 44.2%, 34.5%, 32.4%, and 32.7% (P<0.05),
the WUE increased by 24.8%, 32.7% , 44.8% , 26.2% and 36.4% (P<0.05) , respectively, compared to the CK,
and significant ( P<0.05) changes in the physiological indexes were observed among different strains, except for
POD (mild stress). Moreover, the content of soluble protein and proline, activity of superoxide dismutase and per-
oxidase, relative water content, water use efficiency of GSQA and SXHC significantly increased (P<0.05) with
drought, which indicated stronger characteristics of drought resistance. Different strains showed relatively stable
drought resistance. Drought resistance of different strains in decreasing order was as follow; SXHC>HBSX>GSQA>
QHXH>SXFX, which were based on growth and physiological characteristics. The strains of SXHC and HBSX is
thus more suitable for propagation in the semi-humid and semi-arid areas of northern China. Comprehensive evalua-
tion of the drought resistance of Z. bungeanum was conducted by combining the physiological index and the growth
index, which eliminated the one-sidedness of drought resistance evaluation when using a single physiological index.

Keywords: Zanthoxylum bungeanum; strains; drought stress; transpiration water consumption; biomass;

drought resistance physiological index; drought resistance evaluation
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Table 1  Geographical locations and climate characteristics of seeds collected
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Fig.1 Daily water consumption of Z. bungeanum under different drought stress treatments
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Table 2 Biomass of Z. bungeanum from different strains
TH Dry weight/g
S OB g
= 7 =
Strain Treatment it = o) Yo 1HOY BT . Root/Crown
Root Stem Leaf Above ground part Total dry weight
CK 77.5a 80.1a 50.4a 130.5a 208.0a 0.59¢
QHXH MIS 69.7h 72.7b 37.2b 109.9b 179.6b 0.63bc
MOS 45.8¢ 43.3c 28.8c 72.1¢c 117.9¢ 0.64bc
SES 31.8d 23.2d 19.6d 42.8d 74.6d 0.74a
CK 76.8a 81.5a 48.1a 129.6a 206.4a 0.59¢
SXFX MIS 65.8b 70.3b 38.3b 108.6b 174.4b 0.61bc
MOS 45.1¢c 44.1c 27.5¢ 71.6¢ 116.7¢ 0.63bc
SES 30.6d 25.3d 20.0d 45.3d 75.9d 0.68a
CK 80.1a 74.9a 45.0a 119.9a 200.0a 0.67b
GSQA MIS 75.7a 69.6a 35.0b 104.6b 182.3a 0.74ab
- MOS 55.1b 45.9b 26.6¢ 72.5¢ 127.6¢ 0.76ab
SES 33.9¢ 23.8¢c 21.3d 45.1d 79.0d 0.75a
CK 82.4a 83.7a 49.4a 133.1a 215.5a 0.62c
HBSX MIS 75.4a 63.2b 38.8b 102.0b 177.4b 0.74b
MOS 56.7h 38.7¢ 30.4c 69.1c 125.8¢ 0.82a
SES 39.9¢ 24.2d 25.3d 49.5d 89.4d 0.81a
CK 79.4a 75.9a 45.2a 121.1a 200.5a 0.66b
SXHC MIS 73.0a 52.0b 40.2b 92.2b 165.2b 0.79a
; MOS 62.6b 40.7¢ 31.4c 72.1c 134.7¢ 0.86a
SES 41.5¢ 23.0d 24.6d 47.6d 89.1d 0.87a

T : [RIF AN R) B35 i i R AL BRI 22 7 2. 3% (P<0.05)

Note; Different lowercase letters in the same column with the samestrains indicate significant differences ( P<0.05).
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Table 3 Water use efficiency of Z. bungeanum of different strains

LTEN WEAK  REME hERbaE EEGE
Strain CK MIS MOS SES

QHXH 0.113b(c¢)  0.136b(ab)  0.125b(b)  0.141c(a)
SXFX 0.101¢(b)  0.115¢(b)  0.085c¢(c)  0.134c(a)
GSQA 0.116b(c)  0.149a(b)  0.15la(b)  0.168b(a)
HBSX 0.145a(c¢)  0.16la(b)  0.152a(be)  0.183b(a)
SXHC 0.151a(c¢)  0.162a(bc)  0.166a(b)  0.206a(a)

TRV NG FhE (55 ) FR 25 1.3 (P<0.05) , [A51]
ANRNEFREFOR 225 3 (P<0.05) , FIA],

Note ; Different lowercase letters (with parentheses) in the same line
and different lowercase letters in the same column indicate significant

differences (P<0.05). The same below.
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Table 4 Height and ground diameter growth of Z. bungeanum under different water conditions
A i A K i Height increment/cm 424 K Ground diameter increment/mm
Strain CK MIS MOS SES CK MIS MOS SES
QHXH 58.3(a)a 49.7(b)b 31.8(b)c 22.4(c)c 2.30(a)a 1.81(b)b 1.67(b) ab 1.41(c)ab
SXFX  59.3(a)a 50.2(b)b 30.8(c)e 19.3(d)d 2.40(a)a 2.08(h)a 1.53(b)b 1.34(¢)b
GSQA  57.3(a)a 50.5(b)b 36.0(b)b 25.1(¢)b 2.26(a)a 2.07(a)a 1.69(b)a 1.48(b)a
HBSX  60.6(a)a 57.5(a)a 38.6(h)ab 26.8(c)b 2.25(a)a 2.11(a)a 1.70(ab)a 1.52(b)a
SXHC 58.0(a)a 56.6(a)a 41.7(b)a 30.6(c)a 2.23(a)a 2.19(a)a 1.72(b)a 1.50(b)a
RS5 ARG FM4ETEMA B ERIER
Table 5  Physiological indexes of leaves of Z. bungeanum under different water conditions
HHHEFR Physiological index
AL LHES XS kR RS E MDA i AIEMEAEE 4IRS SOD it POD it
Treatment Strain  Relative water Proline content MDA content Soluble protein  Cell membrane ~ SOD activity POD activity
content/% /( mg-g') /( mmol - g7') content/( mg - g') permeability/% /( U-g' -h™')/(U-g'-mn')
QHXH 77.3a(a) 0.056a(c) 3.683a(d) 35.573a(a) 27.120a(c) 259.201a(d) 141.471a(a)
SXFX 80.6a(a) 0.055a(c) 3.561a(d) 38.071a(a) 26.773a(d) 280.516a(d) 132.760a(a)
CK GSQA  80.8a(a)  0.058a(d)  3.863a(d) 36.855a(a) 27.101a(c¢)  271.828a(c) 138.662a( )
HBSX  79.4a(a)  0.056a(d)  3.691a(d) 35.632a(a) 28.811a(b)  260.439a(c) 135.263a(a)
SXHC  78.6a(a)  0.055a(d)  3.643a(d) 37.979a(a) 26.988a(b)  266.265a(c) 139.111a(a)
QHXH  75.5ab(a)  0.060c(c)  4.173c(¢) 31.859b(b) 31.530a(c¢)  331.113b(c) 128.100a(b)
SXFX  73.6b(b)  0.065bc(b)  6.380a(c) 32.99h(b) 29.003ab(c¢)  355.608a(c) 123.827a(a)
MIS GSQA  78.0ab(a)  0.07la(c)  4.731b(c) 32.982ab(b) 28.627b(¢)  360.223a(b) 130.279a(a)
HBSX  77.3ab(a)  0.067ab(c)  4.401be(c) 34.811ab(a)  30.850a(ab)  343.557ab(b) 129.856a(a)
SXHC ~ 78.2a(a)  0.069a(c)  4.155¢(c) 35.252a(a) 27.760b(ab)  375.132a(b) 132.813a(a)
OHXH  67.1be(b)  0.067d(b)  8.633b(b) 20.893¢(¢) 35.512a(h)  418.250b(b) 90.006¢( c)
SXFX  65.4c(c)  0.062d(b)  9.885a(h) 24.810d(c) 34.621ab(b)  421.307h(b) 95.800¢(b)
MOS GSQA  72.1ab(b)  0.079¢(b)  6.660c(b) 27.192be(c)  32.098be(b)  431.315b(a) 110.912ab(b)
HBSX  73.2ab(a)  0.087b(b)  6.195¢(b) 29.845a(b)  31.223cd(ab)  495.701a(a) 105.334b(b)
SXHC  76.8a(a)  0.098a(b)  5.135d(b) 25.819¢(b)  29.136d(ab)  485.656a(a) 118.473a(b)
QHXH  58.7bc(c)  0.071e(a)  10.489b(a) 12.276¢(d) 37.935ab(a)  320.018d(c) 71.811c(d)
SXFX 52.6d(d) 0.085d(a) 12.422a(a) 15.930d(d) 39.630a(a) 365.431¢(c) 69.761c(c)
SES GSQA 61.3b(c) 0.092¢(a) 8.341c(a) 16.768¢(d) 36.036bc(a) 410.400b(a) 92.500a(c)
HBSX 65.5ab(b) 0.119b(a) 7.552d(a) 22.275a(c) 33.550c¢(a) 451.521a(a) 85.604b(c)
SXHC 68.2a(b) 0.140a(a) 6.239%¢(a) 19.857h(¢) 30.032d(a) 474.117a(a) 97.773ab(c)
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Table 6  Subordinate function and drought-resistance

ranking of different strains

I R EUE

ﬁj% Membership function value SEHE Drjf‘gﬁfiiiﬁ e
Stain GEREHNA LA TEMNG Averge o
MIS MOS SES
QHXH 0.223 0.196 0.235 0.218 4
SXFX  0.272 0.082 0.086 0.147 5
GSQA  0.508 0.581 0.647 0.579 3
HBSX  0.784 0.792 0.803 0.793 2
SXHC 0.816 0.845 0.891 0.851 1
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