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Abstract; Taking seedlings of Lycopersicon esculentum ‘ Beiying’ as research material, dynamic changes
in chlorophyll content, OJIP curve and chlorophyll fluorescence parameters of leaf were compared and
analyzed after stopping simulated acid rain treatment at pH 5.6 (CK), pH 3.5 and pH 3. 0 for 0-20 d.
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The results show that after stopping simulated acid rain treatment for 0-20 d, each chlorophyll content

related index and chlorophyll fluorescence parameter all show a fluctuation change tendency with
elongation of time, in which, values of fluorescence parameters of F,, V;, M,, ¢,,, ABS/RC, TR /RC,
DI /RC, TR, /CS,, DI /CS, and RC/CS, show a tendency to decrease in general, while values of
F/F,,S. , ¢, ¢, ET./RC and ET,/CS, show a tendency to increase in general. After stopping
simulated acid rain treatment for 0-20 d, contents of chlorophyll a, chlorophyll b and total chlorophyll of
two simulated acid rain treatment groups, and ratio of chlorophyll @ content to chlorophyll b content
(Chla/Chlb) of pH 3. 0 simulated acid rain treatment group are lower than those of CK group in general ,
in which, there is no significant difference in chlorophyll b content and Chla/Chlb value among each
group. After stopping simulated acid rain treatment at pH 3.5 for 5-20 d, contents of chlorophyll a and
total chlorophyll are not significantly different with those of CK group; while after stopping simulated acid
rain treatment at pH 3. 0 for 0-20 d, contents of chlorophyll a and total chlorophyll are significantly lower
than those of CK group. After stopping simulated acid rain treatment for 0 d, O and J values of OJIP
curves of two simulated acid rain treatment groups are all higher than those of CK group, while their P

values are lower than those of CK group, and their curve shapes are significantly different with those of
CK group; but with elongation of time, O and J values of OJIP curves of two simulated acid rain treatment
groups show a tendency to decrease, while their I and P values do a tendency to increase, and their curve

shapes are almost the same with those of CK group. Compared with CK group, values of F

F/F,,

m

FJ/F,., S, ¥,, ¢, ET,/RC and ET, /CS, of leaf decrease significantly, while values of ¥, V;, M,
¢, ABS/RC, DI /RC and DI _/CS, increase significantly after stopping simulated acid rain treatment at
pH 3.0 for 0 d, but most chlorophyll fluorescence parameters of leaf are not significantly different with
those of CK group after simulated acid rain treatment at pH 3. 5. In general, after stopping simulated acid
rain treatment at pH 3.5 for 20 d, chlorophyll content basically restores to the level of CK group, and
chlorophyll fluorescence parameters basically restore to the level of CK group after stopping treatment for
0 d; while after stopping simulated acid rain treatment at pH 3.0 for 20 d, chlorophyll content cannot
restore to the level of CK group and chlorophyll fluorescence parameters gradually restore to the level of

CK group after stopping treatment for 5—10 d. The comprehensive analysis result shows that after
simulated acid rain treatment, chlorophyll @ content in leaf of L. esculentum decreases, shape of OJIP
curve changes, and PS Il reaction center is damaged, resulting in variation of most chlorophyll

fluorescence parameters, thus affecting photosynthesis system; with decrease of pH value of simulated

acid rain, influences on chlorophyll content and chlorophyll fluorescence parameters increase.

Key words: Lycopersicon esculentum Mill.; simulated acid rain; chlorophyll content; OJIP curve;

chlorophyll fluorescence parameters
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Table 1 Dynamic change in chlorophyll content in leaf of Lycopersicon esculentum Mill. after simulated acid rain treatment ( X+SD) b

Zs[EJHﬂLI‘EIJ2> M MSE o i/ ( mg * g_l ) Chlorophyll @ content in leaf at different times?’

AbFREH

Treatment group 0d 5d 10d 15d 20d

pH 5. 6(CK) 1.590. 12a 1. 39=0. 04a 1.420.01a 1. 40=0. 03a 1. 69+0. 13a
pH 3.5(T1) 1.45=0. 11b 1. 32+0. 19ab 1.39+0. 11ab 1. 26+0. 12ab 1. 55+0. 29ab
pH 3.0(T2) 1. 180. 10bc 1. 140. 02b 0. 95+0. 02h 1. 140. 10b 1. 06£0. 24h
JbFg ]S A4 2 b &/ (mg - g7')  Chlorophyll b content in leaf at different times?

Treatment group 0d 5d 10 d 15 d 20d

pH 5.6( CK) 0.83+0.21a 0.86+0.01a 0.920. 03a 0.85+0. 10a 0.78+0.23a
pH 3.5(T1) 0. 740. 08a 0.78+0. 04a 0.76+0. 16a 0.76+0. 07a 0.72+0. 07a
pH 3.0(T2) 0. 610. 05a 0.750. 08a 0. 670. 16a 0.71x0.01a 0.53+0.22a
b 2H IR 1) 0 1 4 S 5 25 B i/ mg - g7')  Total chlorophyll content in leaf at different times?
Treatment group 0d 5d 10d 15d 20d

pH 5. 6( CK) 2.410.30a 2.25+0.02a 2.34+0.03a 2.250. 13a 2.470. 34a
pH 3.5(T1) 2.19+0. 11b 2.100. 19ab 2. 140, 25ab 2.030. 07ab 2.270.29ab
pH 3.0(T2) 1.80+0. 07be 1. 90=0. 08b 1.620. 17b 1.85:0. 08b 1.590. 55h
S AN [IEFE)® H () Chla/Chlb {f Chla/Chlb value in leaf at different times”

Treatment group 0d 5d 10d 15d 20d

pH 5.6( CK) 1.92+0. 39a 1. 63=0. 06a 1.53+0. 04a 1. 66=0. 17a 2.16+0. 56a
pH 3.5(T1) 1.97+0.31a 1. 69=0. 25a 1. 840. 37a 1. 66=0. 29a 2.16+0.27a
pH 3.0(T2) 1.930. 30a 1. 52+0. 16a 1.420. 37a 1. 60=0. 17a 2.010.25a

Y &30 A 5] /NG S 38 % ] — Bisf 7] S (] Ak FERL 26 i) 25 5 fb 35 (P<0. 05) Different lowercases in the same column indicate the significant ( P<0.05)
difference among different treatment groups at the same time. Chla/Chlb; W4t o &8 5483 b & @ 09 HL{E Ratio of chlorophyll a content to

chlorophyll b content.

) WU R T AL FRZE R 9 K%K Days after stopping simulated acid rain treatment.
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0,],1,P. 435 2w b4t E R N0 N =W kB =] Representing the points of original, inflexion, deflexion and peak of chlorophyll
fluorescence, respectively. .: IR AL R EE TR )5 0 d After stopping simulated acid rain treatment for 0 d; v; BB T AL FRZE SRS 5 d After
stopping simulated acid rain treatment for 5 d; /\: BRI AL FIZEHR 10 d After stopping simulated acid rain treatment for 10 d; [ll; FE{0L R R AL 3R 4%
HJ5 15 d After stopping simulated acid rain treatment for 15 d; [ BB FG AL BHEE SRS 20 d After stopping simulated acid rain treatment for 20 d.

CK: pH 5. 6 IR NI FRLL (XFBR4L) Treatment group of simulated acid rain at pH 5. 6 (the control group) ; T1: pH 3.5 FEURR T AL FEZL Treatment
group of simulated acid rain at pH 3.5; T2 pH 3. 0 4R M AL 32 Treatment group of simulated acid rain at pH 3. 0.

E1 ZEMBWLEEEMMNHFRENEERNIFESHNENL(OJIP) HIHTE
Fig. 1 Dynamic change in the fast chlorophyll fluorescence induction Kinetics curve ( OJIP) of
leaf of Lycopersicon esculentum Mill. after simulated acid rain treatment
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®2 ZENBWLEREHTATRERALSHENHEEML (XLSD) Y

Table 2 Dynamic change in chlorophyll fluorescence parameters of leaf of Lycopersicon esculentum Mill. after simulated acid rain treatment

(XxSD) Y
b T RIEm T 0 F, H F, value of leaf at different times®
Treatment group 0d 54d 10 d 15 d 20 d
pH 5. 6(CK) 476. 00+86. 75b 405.33+21.0la 423.67+34. 85a 410. 33+31. 34a 373.00+14.93a
pH 3.5(T1) 547.00+28. 84ab 368. 00+10. 82a 418.67+7.02a 391. 00+23. 58a 360. 67+6. 81a
pH 3.0(T2) 615.67+107.97a 394.33+41. 65a 411.00+33. 87a 382.33+40. 10a 380. 67+42. 25a
Kb T NGRS L AH  F, value of leaf at different times?)
Treatment group 0d 54d 10d 15d 20 d
pH 5. 6(CK) 2 477.00+65. 43a 2422.33+£122.77a 2 243. 00+88. 64a 2 313. 33+30. 66a 2 249. 33+31. 66a
pH 3.5(T1) 2 435.67+7.02a 2 363.67+187.52b 2 461.33+81.01a 2 279.33+93. 44a 2 287.00+7.23a
pH 3.0(T2) 2 005.00+322.27b 2 337.33+105. 08b 2 292.33+23. 54a 2 251.67+31.43a 2 280.33+391. 37a
s il Z:E]Hﬂ‘l‘lﬂ” ] F./F, {8 F./F  value of leaf at different times?
Treatment group 0d 5d 10 d 15 d 20 d
pH 5.6(CK) 4.32+1.00a 4.99+0. 34a 4.30+0. 90a 4. 66+0. 42a 5.04+0. 23a
pH 3.5(T1) 3.46+0. 22ab 5.43+0.21a 4.88+0. 18a 4.84+0. 18a 5.34+0. 08a
pH 3.0(T2) 2.38+1.12b 4.97+0.61a 4.61+0. 58a 4.94+0.71a 5.01+0. 26a
L2 RIEI ) i/ F/F, fE F,/F, value of leaf at different times?
Treatment group 0d 5d 10 d 15 d 20 d
pH 5. 6(CK) 0.81+0. 04a 0.83+0.01a 0.81+0. 04a 0.82+0.01a 0.83+0.01a
pH 3.5(T1) 0.78+0.01lab 0.84+0.01a 0.83+0.01a 0.83+0.01a 0. 84+0. 00a
pH 3.0(T2) 0. 68+0. 10b 0. 83+0. 02a 0. 82+0. 02a 0. 83+0.02a 0.83+0.01a
4 Een ANl E] ) i Fe v = V, value of leaf at different times?
Treatment group 0d 5d 10 d 15 d 20 d
pH 5.6(CK) 0.57+0.27b 0.42+0.03a 0.44+0. 04a 0.45+0. 02a 0.41+0.03a
pH 3.5(T1) 0.79+0. 05ab 0.41+0.03a 0.42+0. 04a 0.43+0.02a 0.42+0.02a
pH 3.0(T2) 0. 89+0. 08a 0.45+0. 06a 0.44+0. 03a 0.43+0.02a 0.44+0.01a
AhEme Z:Iﬁ]ﬁﬂ‘lm” ] M, {H M, value of leaf at different times?
Treatment group 0d 5d 10 d 15 d 20 d
pH 5. 6(CK) 1.31+0. 66b 0.95+0. 12a 0.99+0. 07a 1. 12+0. 09a 0. 81+0.07a
pH 3.5(T1) 1. 73+0. 15ab 0. 87+0. 06a 0.94+0. 14a 0.99+0. 05a 0. 84+0.07a
pH 3.0(T2) 2.09+0.27a 1.03+0. 18a 1.01+0. 13a 0.98+0. 12a 0.96+0. 10a
R34 REIED I F 6 S, fEH S, value of leaf at different times?
Treatment group 0d 5d 10d 15d 20 d
pH 5. 6(CK) 16.91+5.55a 15.53+1. 54a 15.44+0. 52a 12.27+0. 60a 17. 84+0. 58a
pH 3.5(T1) 13. 88+2. 18ab 16.27+0. 42a 16.44+0. 94a 13. 56+0. 64a 17.72+1. 11a
pH 3.0(T2) 10. 29+0. 89b 15.27+2. 09a 15.61x1.90a 13.92+1.0la 21.92+11. 31a
LhEZH NG 2) [0 W, {8 Y, value of leaf at different times>’
Treatment group 0d 5d 10 d 15 d 20 d
pH 5. 6(CK) 0.43+0.27a 0.58+0.03a 0.56+0. 04a 0.55+0. 02a 0.59+0. 03a
pH 3.5(T1) 0.21+0. 05b 0.59+0. 03a 0.58+0. 04a 0.57+0. 02a 0. 58+0. 02a
pH 3.0(T2) 0. 11£0. 08be 0. 55+0. 06a 0.56+0. 03a 0.57+0. 02a 0.56+0.01a
sl AR 08 @y, 5 @y, value of leaf at different times®
Treatment group 0d 54d 10 d 15 d 20 d
pH 5.6(CK) 0.35+0.23a 0.49+0. 03a 0.45+0. 05a 0.45+0.01a 0. 49+0. 02a
pH 3.5(T1) 0. 16+0. 04b 0. 50+0. 02a 0.48+0. 04a 0.47+0.01a 0. 49+0. 02a
pH 3.0(T2) 0. 08+0. 07bc 0. 46+0. 06a 0. 46+0. 03a 0.47+0.03a 0. 47+0. 02a
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AbTH2E ANEIFED 1 @, 16 @p, value of leaf at different times?’

Treatment group 0d 5d 10 d 15d 20 d

pH 5.6(CK) 0. 190. 04b 0.17+0.0la 0. 19+0. 04a 0. 18+0. 0la 0.17+0.0la

pH 3.5(T1) 0.22+0. 0lab 0.16+0. 0la 0.17+0.0la 0.17+0.0la 0. 160. 00a

pH 3.0(T2) 0.32+0. 10a 0.17+0. 02a 0. 18+0. 02a 0. 17+0. 02a 0.17+0.0la

y3E AR ) 0 () ABS/RC{E ABS/RC value of leaf at different times®

Treatment group 0d 5d 10d 15d 20 d

pH 5.6(CK) 2.81+0.23b 2.74+0. 16a 2.78+0. 10a 2.99+0. 04a 2.37+0. 16a

pH 3.5(T1) 2.81+0. 18b 2.54+0. 06a 2.70+0. 14a 2.77+0. 05a 2.37+0.09a

pH 3.0(T2) 3.46+0. 48a 2.73+0. 18a 2.79+0.27a 2.74+0.28a 2. 6420.20a

bl R A TR, /RC{H TR,/RC value of leaf at different times®

Treatment group 0d sd 10 d 15 d 20 d

pH 5.6(CK) 2.27+0.07a 2.28+0. 12a 2.25+0.05a 2.46+0.07a 1.98+0. 13a

pH 3.5(T1) 2.17+0. 14a 2.14+0. 04a 2.24+0. 11a 2.29+0. 05a 2.000. 07a

pH 3.0(T2) 2.33+0. 15a 2.27+0. 10a 2.28+0. 17a 2.27+0.17a 2.20+0. 15a

AbFLE AR ] ET,/RC{i ET,/RC value of leaf at different times?’

Treatment group 0d 54 10d 15d 20 d

pH 5.6(CK) 0. 96+0. 60a 1.33+0. 02a 1.25+0. 11a 1.34+0. 03a 1.170. 09a

pH 3.5(T1) 0.45+0. 11ab 1. 27+0. 06a 1.300. 03a 1.30+0. 0la 1.15+0. 00a

pH 3.0(T2) 0.24+0. 19h 1.24+0. 09a 1.280. 08a 1.29+0. 06a 1.23+0. 05a

b 2R R E] A Bg DI/RC E DI,/RC value of leaf at different times®

Treatment group 0d 5d 10 d 15 d 20 d

pH 5.6(CK) 0.55+0. 16¢ 0. 46+0. 05a 0. 500. 10a 0.53+0. 03a 0.39+0. 04a

pH 3.5(T1) 0. 630. 06hc 0.39+0. 02a 0. 460. 03a 0.47+0. 02a 0. 37+0. 02a

pH 3.0(T2) 1.130. 47a 0. 46+0. 08a 0.54+0. 12a 0.47+0. 11a 0.44+0. 05a

L KIEJHQLIEJ” O] TR,/CS, {8 TR,/CS, value of leaf at different times?

Treatment group 0d 5d 10d 15d 20 d

pH 5.6(CK) 381. 84+48. 86a 337.36+13. 72a 336.75+19. 81a 337.27+20. 15a 311.09+10. 19a

pH 3.5(T1) 423.97+20. 28a 310. 66=7. 35a 347.41+5.99a 323.89+17.92a 303. 78=5. 29a

pH 3.0(T2) 413.27+12. 10a 327.29+27.01a 342.02+31. 00a 316.72+25. 44a 317. 05+33. 20a

b RIEIS )2 i i ET,/CS, ff ET,/CS, value of leaf at different times?

Treatment group 0d 5d 10d 15d 20 d

pH 5.6(CK) 154. 81+90. 58a 196. 54+8. 20a 188. 61+13. 86a 184.25+19. 14a 183.53+11. 89a

pH 3.5(T1) 87.49+19. 64ah 183.70£11. 07a 202.43+17. 56a 184.05+11. 83a 175. 73+4. 25a

pH 3.0(T2) 43.18+33. 00b 178. 049, 49a 191. 37+30. 13a 180. 54+9. 75a 177.96=14. 71a

b 2R IR 1A DIL/CS, {6 DI,/CS, value of leaf at different times”

Treatment group 0d 54 10d 15 d 20 d

pH 5.6(CK) 94. 16238. 03bc 67.97+7.38a 74.25+14. 10a 73.06+11. 19a 61.92+4.85a

pH 3.5(T1) 123. 03 10. 47b 57.34+3.54a 71.26+2. 53a 67.11+5.81a 56.881. 63a

pH 3.0(T2) 202. 40+95. 90a 67.05+14. 64a 81.65+16. 24a 65.61+15. 24a 63.62+9. 23a

fhELH Z:[E]Hﬂmz) 0] RC/CS, {8 RC/CS, value of leaf at different times?’

Treatment group 0d 5d 10d 15d 20 d

pH 5.6(CK) 168.24+16.51a 147.91+4. 10a 147. 68+5.95a 137.36+12.29a 157.51+6. 06a

pH 3.5(T1) 195.07+3.77a 145. 15x1. 34a 155. 48+9. 76a 141. 16+7. 89a 152.20+3. 73a

pH 3.0(T2) 177.72+13. 76a 144.246.61a 152. 19+10. 66a 139. 65+4. 05a 144. 08+6. 60a

V[ 3 o R [6] 14 /N S 3 7R [R]— I 7] AR [7) 4ob P 17 22 55 8. 35 ( P<0. 05) Different lowercases in the same column indicate the significant ( P<0. 05)
difference among different treatment groups at the same time.

2) R DR T AL B 5 R S KR Days after stopping simulated acid rain treatment.
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