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1- Variable fluorescence

2- Maximum photochemical quantum yield of photosystem 11

3- A value that is proportional to the activity of the water-splitting complex on the donor
side of the PSII

4- Effective photochemical quantum yield of PSII

5- Quantum vyield of regulated non-photochemical

6- Quantum yield of non-regulated non-photochemical

7- Non-photochemical quenching
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Table 1. Physical and chemical characteristics of the soil

e B O35 VML” nd Js rﬁ,éxg

Sk csl . EC
: Silt  Clay Sand N K P pH ;
Soil texture . Total Cd (dsm™)
(%) (ppm) (ppm)
SETe™ 386 323 201 021 251 980  1.08 74 1.06
Silty-Clay
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Figure 1. The variation trend of plant height (a), stem diameter (b), plant leaf number (c), plant leaf
area (d) and SPAD value (e) in lemon balm medicinal plant in response to Cd concentration gradients

in the soil using the liner (Eg. 8) and segmented model (Eq. 9).
* not used in curve fitting. ** not measured.
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Figure 2. The variation trend of stem, leaf and shoot fresh (a) and dry (b) weight of lemon balm
medicinal plant in response to Cd concentration gradients in the soil using the segmented model (Eg. 9).
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Table 2. Estimation the value of fitted equation (liner and segmented) parameters for growth
characteristics of lemon balm in different concentrations of Cd in the soil.

Sig CV RMSE R* Xo+SE b,#SE b, +SE  a+SE =l
Traits
+0.0150 +1.442 <y Cusjl
< . . . +1. :
0.0001 11.25 2.937 0.939 _0.1717 38.32 Plant high
+0.0010 +0.049 alos s
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-0.0011 17 Stem diameter
+0.0596  +0.1094 G5 S olias
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number
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+4.26 *15.12 S5 Sy e
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+0.0093 +0.643 ool 30e
< i i . =Y
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S 5 0
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weight
+1542 $0.00160  £0.0288 40 754 S5 05
< ) . )
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a: constant value in the non-stress levels (zero concentration of Cd). b1 and b2: slop of traits variation
in phase 1 and 2, respectively. xo: turning point between the two phases. R% coefficient of
determination. RMSE: root mean square error. CV: coefficient of variation. Sig: significance of
model. SE: standard error.
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Figure 3. The variation trend of lemon balm growth in response to Cd concentration gradients in the
soil (mg kg?) in the soil 8 weeks after sowing.
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Figure 4. The variation trend of minimum (Fo) (a) and maximum (Fm) (b) fluorescence intensity,
maximum photochemical quantum vyield of PSII (Fv/Fm) (c), water-splitting complex yield on the
donor side of the PSII (Fv/Fo) (d), effective photochemical quantum yield of PSII [Y(II)] (e),
quantum yield of regulated energy dissipation [Y(NPQ)] (f), quantum yield of non-regulated energy
dissipation [Y(NO)] (g) and non-photochemical quenching (NPQ) (h) to Cd concentrations gradients
in the soil using the linear (Eq. 8) and segmented (Eq. 9) models.

YA+



OS2 9 lugiay pwly

11
i T
DS 10 A—A—A—A—A—A—h A <)
v, 8 12.3% 1B8% |E
-— C
3, 3] 73\09 b PN o o O O ~
X 2 g v e <
e '~
9 S 208 1145% g
=L o 19.0% |2
== C o
3 Eg/07 v o—6——6—2 © >
1) 53 )
¥ 5 06 =
j: S 73.20 67.2% |>
05 r r r r T
0 25 50 75 100 125 150
(pS5lS 39 )5 Sheo) pomodls’ clils

Cd consentration (mg kg1

odd oSl g b oo 53158 LIS LY(IN] I 5558 Sble 50 abard g o531 21 JoSo s -0 IS
Chle 1 gl 53 [YINO) 11 ()5 Sble okt oS slodisd b (o818 LS 5 [YINPQ)] I i 555
S g gasls

Figure 5. Complementary changes of effective photochemical quantum yield of PSII [Y(II)], quantum yield of
regulated energy dissipation [Y(NPQ)] and quantum vyield of non-regulated energy dissipation [Y(NO)] in
response to Cd concentration gradients in the soil.
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Table 3. Estimation the value of fitted equation (liner and segmented) parameters for chlorophyll fluorescence
parameters of lemon balm leaf in different concentrations of Cd in the soail.

Sig CV RMSE R®  %+SE Db,+SE b +SE  a+SE e bty
Variables
+23.26  +0.00035 +0.004 +0.014
0.0007 0.97 0.015 0.827 7482 0.0001 0.0011 146 Fo
+0.0010 +0.022
+25.29 +0.0000 +0.0000 +0.001
+25.92 +0.00113 +0.0006 +0.027
<0.0001 091 0.032 0.919 7858 -0.0007 00032 360 Ev/Fo
+16.49 +0.00009 +0.0001 +0.004
<0.0001 0.60 0.004 0.964 69 81 ~0.0006 -0.0002 073 Y(I1)
+12.30  +0.00005 +0.0001 +0.002
<0.0001 151 0.002 0.977 6596 0.0005 0.0002 015 Y(NPQ)
+39.12  +0.00007 +0.0001 +0.002
0.0007 212 0.003 0.824 7500 0.0002 0.0001 012 Y(NO)
+0.0003 +0.031
0.0841 435 0.055 0.367 0.0009 191 NPQ
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a: constant value in the non-stress levels (zero concentration of Cd). bl and b2: slop of parameters variation in
phase 1 and 2, respectively. Xo: turning point between the two phases. R% coefficient of determination. RMSE:
root mean square error. CV: coefficient of variation. Sig: significance of model. SE: standard error.
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