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Abstract; Taking two-year-old Chionanthus virginicus Linn. seedlings as experimental materials, four
treatments namely the control (soil relative water content of 75% —80% ), mild drought stress ( soil
relative water content of 55% —60% ), moderate drought stress ( soil relative water content of 40% —
45%) , and severe drought stress (soil relative water content of 25%-30% ) were set, and the changes of
photosynthetic characteristics and structure of leaves of C. wvirginicus under different drought stress
conditions were compared and analyzed. The results show that with the elongation of stress time, contents
of chlorophyll @, chlorophyll b, and total chlorophyll in leaves of C. wirginicus in each treatment group
show a fluctuation decrease tendency. During 14-42 d of stress, there are no significant differences in
contents of chlorophyll @, chlorophyll b, and total chlorophyll in leaves of C. wirginicus among each
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treatment group; at 70 d of stress, these three above-mentioned indexes in moderate and severe drought
stress treatment groups are all significantly lower than those in the control group. Overall, with the
increase of stress degree, net photosynthetic rate (Pn), stomatal conductance (Gs), and transpiration
rate (Tr) of leaves of C. virginicus at the same time show a tendency to decrease; water use efficiency
(WUE) shows a fluctuation decrease tendency ; intercelluar CO, concentration (Ci) of leaves at 14, 28,
and 56 d of stress show a tendency to decrease, those of leaves at 42 and 70 d of stress show a fluctuation
increase tendency, and that of leaves at 70 d of severe drought stress is the largest. Maximum
fluorescence (F, ) and variable fluorescence (F,) of leaves in each drought stress treatment group are
lower than those in the control group, but there are no significant differences; initial fluorescence (F,) is
higher than that in the control group, maximum photochemical efficiency of PSIl (F /F,) and potential
activity of PSIl (¥ /F,) are lower than those in the control group, but only the severe drought stress
treatment group is significantly different from the control group. After drought stress treatment, total leaf
thickness, palisade tissue thickness, spongy tissue thickness, and tissue structure looseness of C.
virginicus all increase, while leaf tissue structure tightness and ratio of palisade tissue to spongy tissue
decrease ; the chloroplast and starch grain degrade, the osmophilic gramule increases, and plasmolysis
appears in cells, and the cell structure is severely damaged under moderate and severe drought stresses.
Taken together, C. wvirginicus can improve drought-resistant ability under drought stress via reducing
photosynthesis and changing leaf structure characteristics, and it possesses strong adaptability under mild
drought stress.

Key words: drought stress; Chionanthus virginicus Linn.; photosynthetic characteristics; anatomical
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Table 1 Changes of chlorophyll a, chlorophyll 5, and total chlorophyll contents in leaves of Chionanthus virginicus Linn. under different drought

stress conditions (X+SD)"

S R AR a4 S/ ( mg * g’l ) Chlorophyll @ content in leaves at different times
Treatment group® 14d 28 d 24 56 d 70 d
CK 2.04£0.20a 2.00+0.27a 2.06+0.19a 1.92+0.01a 1.89+0.05b
D1 2.28+0.25a 2.25+0.30a 2.03£0.11a 2.01£0.06a 2.10£0.13a
D2 2.00+0.36a 2.00+0.25a 1.95+0.18a 1.80+0.08a 1.28+0.01¢
D3 2.00+0.08a 1.93+0.17a 1.98+0.30a 1.35+£0.20b 1.17+0.07d
LhEL ) ASE R A4 2% b &5/ (mg - ¢7')  Chlorophyll b content in leaves at different times
Treatment group? 14 d 28 d 44 56 d 70 d
CK 0.59+0.07a 0.62+0.11a 0.59+0.05a 0.55+0.02a 0.57+0.03a
D1 0.65+0.10a 0.68+0.12a 0.56+0.03a 0.55+0.02a 0.61+0.05a
D2 0.56+0.13a 0.58+0.10a 0.54+0.06a 0.52+0.03a 0.38+0.02b
D3 0.57+0.03a 0.56+0.07a 0.56+0.10a 0.36+0.08b 0.34+0.01b
LbFZH? ARV R] I A S 4 K S/ (mg + ¢7')  Total chlorophyll content in leaves at different times
Treatment group?’ 14 d 28 d 42 d 56 d 70 d
CK 2.63+0.28a 2.63+0.38a 2.65+0.24a 2.47+0.02a 2.46+0.07b
D1 2.93+0.35a 2.93+0.42a 2.59+0.14a 2.57+0.09a 2.71£0.18a
D2 2.56+0.49a 2.58+0.35a 2.49+0.25a 2.32+0.10a 1.66+0.01c
D3 2.58+0.11a 2.50+0.24a 2.54+0.41a 1.71+£0.28b 1.45+0.09d

b Eﬂﬂj'T'Z:EJE(J/J‘E?%ﬁi\‘ﬁg‘ﬁ%(P<0.05)Different lowercases in the same column indicate the signficant ( P<0.05) differences.

2 CK: A ( H-3EAHXT /K 52 75% ~80% ) The control (soil relative water content of 75%—-80% ) ; D1 32 T 5 pift ( HHEAHXS &K il 55% ~
60% ) Mild drought stress ( soil relative water content of 55%—-60%) ; D2 H B2 Jfpidt ( 1 3EAH X5 7K 5~ 40% ~ 45% ) Moderate drought stress
(soil relative water content of 40%—45%) ; D3. &+ 5 ifpi6 AT KR 25% ~30% ) Severe drought stress ( soil relative water content of

25%-30%).
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Table 2 Changes of photosynthetic gas exchange parameters of leaves of Chionanthus virginicus Linn. under different drought stress conditions

(X+SD)V
fhELH2) ENGLEE] ”‘l’)#ﬂg?%ﬁ‘ﬁ{:}i%%/( pmol + m?2 5! ) Net photosynthetic rate of leaves at different times
Treatment group® 14 d 28 d 24 56 d 70 d
CK 10.35+2.45a 10.15+2.55a 9.37+0.55a 11.97+2.45a 11.17+1.05a
DI 8.90+0.30a 8.65+0.45a 7.11+2.09ab 6.50+0.75b 5.47+0.75b
D2 8.13+1.59a 3.40+0.25b 5.10+1.90bc 5.50+0.18b 4.27+0.50b
D3 7.73+0.95a 2.83+0.55b 2.57+0.42¢ 3.77+1.24b 1.40+0.60c
AbFLLY A E M A S FLS B/ (mmol - m™ - s7')  Stomatal conductance of leaves at different times
Treatment group® 14 d 28 d 424 56 d 70 d
CK 164.67+25.50a 170.00+32.0a 135.00+10.54a 188.33+28.36a 164.67+4.51a
D1 129.00+8.25a 113.00+9.00b 116.67+33.50a 111.00+28.62b 84.00+11.85b
D2 117.67£20.98a 38.67+9.62¢ 61.02+£6.66b 75.00+3.51bc 58.67+6.13bc
D3 108.00+12.28a 30.00+9.64¢ 42.33+15.28b 47.67+10.97¢ 28.67+6.51c
LhEL? SRV E] i A e ) Cco, W/ ( pmol - mol ™! ) Intercelluar CO, concentration of leaves at different times
Treatment group?’ 14 d 28 d 42.d 56 d 70 d
CK 268.00+13.00a 267.00+11.00a 263.00+1.00ab 272.67+10.69ab 255.00+13.00b
DI 255.33+2.52a 236.67+9.02b 270.67+2.52ab 283.00£15.72a 266.00+10.54h
D2 255.33+6.03a 231.67+8.96b 249.33+27.54b 261.00+0.85ah 253.67+4.51b
D3 237.67+33.84a 226.00+26.85h 288.67+26.01a 256.67+14.64h 307.67+18.50a
ST AN [EJHfE] I F B 2% 1 8%/ (mmol - m™2 - s7')  Transpiration rate of leaves at different times
Treatment group® 14d 28 d 424 56 d 70 d
CK 3.25+0.18a 4.06+£0.43a 3.71+0.19a 4.36+0.36a 2.64+0.36a
D1 2.96+0.11a 3.28+0.14a 3.41+0.66a 3.36+0.56b 1.90+0.40ab
D2 2.90+0.26a 1.51+£0.08b 2.20+0.42h 2.68+0.26b 1.29+0.62bc
D3 2.71+0.83a 1.27+0.33b 1.66+0.46h 1.87+0.35¢ 0.70+0.10¢
JhL? NG| ﬂfHB/Ukﬁj}’?’FUFH%Q/( pmol + mmol ™! ) Water use efficiency of leaves at different times
Treatment group? 14 d 28 d 42 d 56 d 70 d
CK 3.55+0.18a 2.46+0.37a 2.51+0.03a 2.73+0.41a 4.38+0.99a
DI 3.01£0.01ab 2.63+0.03a 2.19+0.15a 1.95£0.12b 2.90+0.21bc
D2 2.79+0.32h 2.18+0.24a 2.26+0.49a 2.04+0.36hb 3.24+0.11b
D3 2.96+0.55ab 2.14+0.51ab 1.48+0.49h 1.98+0.27h 1.91+£0.59¢

DAY P N E’\]/]\giﬁi‘iﬂ?%giﬂi%( P<0.05) Different lowercases in the same column indicate the signficant ( P<0.05) differences.

2 CK: XFHR (AR /KN 75% ~80% ) The control (soil relative water content of 75%—-80% ) ; D1 2T 2 f ( HIEFXF S /KEHN 55% ~
60% ) Mild drought stress ( soil relative water content of 55%—-60%) ; D2 H B Bpidt ( 1 3EA X% 7K 5~ 40% ~ 45% ) Moderate drought stress
(soil relative water content of 40%—45%) ; D3, 5 & T 5 Mpd ( - IEAXT & KN 25% ~30% ) Severe drought stress (soil relative water content of

25%-30%).
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Table 3 Changes of chlorophyll fluorescence parameters of leaves of Chionanthus virginicus Linn. under different drought stress conditions

(X+SD)Y
P TN TN PST % Y 2L % PS 1 A 15
IRTEe Btk BRI e o NRJOCREERCE o PSRRI
Treatment group? Initial fluorescence Maximum fluorescence Variable fluorescence aximum p otochemica otential activity o
rea sroup efficiency of PSII PSll
CK 584.67+40.00b 3 328.67+£123.00a 2 744.00+82.00a 0.82+0.01a 4.72+0.17a
D1 679.67+10.80ab 3 184.00+89.00a 2 504.33+106.00a 0.79+0.07ab 3.68+0.13ab
D2 636.00+21.00b 2 993.33+78.00a 2 357.33+59.00a 0.79+0.02ab 3.71+0.06ab
D3 886.67+38.00a 3 120.67+182.00a 2 234.00+102.00a 0.71+0.05b 2.69+0.60b

D 51 HpAR [R] B98N Rk R 25 5 i 25 (P<0.05) Different lowercases in the same column indicate the signficant ( P<0.05) differences.

2 CK: X HE (- IEAHRS B KN 75% ~80% ) The control ( soil relative water content of 75%—-80% ) ; D1 2% 5l ( AR & KN 55% ~
60% ) Mild drought stress ( soil relative water content of 55%—-60%) ; D2 H B2 JWpidt ( 1 3EAH X5 7K 5~ 40% ~ 45% ) Moderate drought stress
(soil relative water content of 40%—45%) ; D3. = &+ 56 ( AR XS KR 25% ~30% ) Severe drought stress ( soil relative water content of

25%-30%).

2.2 TFEMMEXEERAHMH K &R0
ARS8 44T 32 B R B T

RIBILES SR LI 1, i S5 AR A L3R 4, B 5
LT I B IR A R LA 2,

UE: 35 Upper epidermis; PT. #2414 Palisade tissue; ST ¥E4pZHZ Spongy tissue; LE: TR Lower epidermis.

1. XFHE( - EARXT S KR 75% ~ 80% ) The control ( soil relative water content of 75%-80%) ; 2 B2 ha ( AR & KBl 55% ~ 60% )
Mild drought stress (soil relative water content of 55%—60%) ; 3. HEET S ( - 3EAXS & K3 K 40% ~45% ) Moderate drought stress ( soil relative
water content of 40%-45%) ; 4. T LTl ( - IEAXT & KA 25% ~30% ) Severe drought stress ( soil relative water content of 25%-30%) .

Bl1 ARTEMEFHTEERTHMMAHEMETFEMEURER

Fig. 1 Scanning electron microscope observation result on leaves of Chionanthus virginicus Linn. under different drought stress conditions
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F4 FAETEDEEGTEERIFHI R ESERAOZTWL(XSD) Y

Table 4 Changes of anatomical structure of leaves of Chionanthus virginicus Linn. under different drought stress conditions ( X+SD)"

E [ : N
A JR/wm  Thickness 1k Hy SRy Wt L%
Teament  LEE WEAS FRE  wmms gy REL% o FRE%  Rato of palisade
groupz) Upper Palisade Lower Spongy Total leaf Tlssge structure Tissue structure tissue é.in
epidermis tissue epidermis tissue thickness tightness looseness spongy lissue
CK 8.10+.031a 63.79+2.49a 8.90+0.58a  60.89+1.64b  141.68+1.13a 45.01£1.47a 43.00+1.43¢ 1.05+0.07a
D1 8.34+0.36a 69.76+3.15a 7.10+0.20b  71.70+5.12a  158.02+9.17a 44.24+1.08a 45.34£1.30bc 0.92+0.05ab
D2 8.37+0.33a 64.47+x1.45a 5.50+0.32¢  73.28+1.29a  151.19+1.42a 41.97+0.62a 48.48+1.00ab 0.87+0.03b
D3 6.40£0.41b 64.16+3.18a 5.36+0.50c  77.35+0.94a  153.42+2.12a 41.78+1.58a 50.44+0.97a 0.83+0.05b

D &3 e R [F /NG E B 3R 25 5 W3 (P<0.05) Different lowercases in the same column indicate the signficant (P<0.05) differences.

2 CK; XF M ( LIEARRT & KN 75% ~80% ) The control ( soil relative water content of 75%—-80% ) ; D1 T Wi ( LA &K 55% ~
60% ) Mild drought stress ( soil relative water content of 55%—-60%) ; D2 R B kA ( AT B KR 40% ~ 45% ) Moderate drought stress
(soil relative water content of 40%—45%) ; D3 5+ 5 ( AN B K 5 25% ~30% ) Severe drought stress ( soil relative water content of
25%-30%) .

CW . 4iiJfiBE Cell wall; Chl; M-4&44 Chloroplast; OG: MEHkBURL Osmiophilic gramule; N: ZiJfi#% Cell nucleus; SG: JEMAL Starch grain; GL; Jki F )2

Granum lamella.

1-3; XFHE( AT S KRR 75% ~80% ) The control ( soil relative water content of 75%—80% ) ; 4—6. % & T 2 Mrif ( AT B K& N 55% ~
60% ) Mild drought stress ( soil relative water content of 55%—60%) ; 7-9 . " EE T Wil ( LIEAHXT F 7KK 40% ~45% ) Moderate drought stress ( soil
relative water content of 40% -45%); 10—12. Gy =N BiE] ( AR A KRN 25% ~ 30% ) Severe drought stress ( soil relative water content of
25%-30%) .

B2 ARTFEMEEFHTEERFHMHAHEHEFREMEURER

Fig. 2 Transmission electron microscope observation result on leaves of Chionanthus virginicus Linn. under different drought stress conditions
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