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Effects of cadmium pollution and acid rain on photosynthetic
characteristics of Morus alba seedling sexes
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Abstract Cadmium (Cd) contamination in the soil and acid deposition are now global environmental problems.
Differential sex responses of dioecious species to stress is also an important part of plant stress ecological
research. To investigate the physiological characteristics of Morus alba seedling sexes when exposed to Cd and
acid rain, we measured growth parameters, photosynthetic capacity, and chlorophyll fluorescence of Qiangsang1
(female), Nongsang14 (male), and Nongsang12 (monoecism) under Cd stress (Cd, 50 mg/kg), acid rain (AR,
pH 3.0), and their combination (Cd + AR). Results indicate that under Cd stress, biomass and net photosynthetic
rate (P,) decreased in each sex when compared with the controls. Compared with the control, the total biomass
of the males and females decreased by 23.54% and 29.43% respectively, and that of monoecious individuals
decreased by 36.38%. Females and monoecious individuals exhibited greater declines in photosynthetic rate
than did males. Additionally, Cd treatment changed the biomass distribution of M. alba seedlings, with females
mainly showing reduced stem biomass while males and monoecious individuals principally showing reduced
root and stem biomass. Compared with the control, the stem biomass of females decreased by 37.45%, but the
root and leaf biomass decreased by 7.72% and 9.71%. For males and monoecious individuals, leaf biomass
decreased by 9.17% and 5.28%, respectively. The decreases in P, in three genders of M. alba seedlings were
caused by declines in stomatal conductance (g,) and the effective quantum yield of PSII (®pg,). Under Cd
treatment and the compound treatment, the g, of females decreased by 47.39% and 57.82%, and ®,g, decreased
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by 21.59% and 18.49%, respectively. The g, of monoecious individuals decreased by 46.57% and 58.88% and
@pg, also decreased by 26.63% and 19.81% when compared with the control. When compared with effects
of Cd treatment, decreases in leaf biomass and P, in females and monoecious individuals were intensified by
acid rain, but this pattern did not hold true for males. Therefore, our results indicated that Cd inhibited biomass
accumulation in M. alba seedlings by reducing photosynthetic capacity, and the effect of Cd on males was less
than that on females and monoecious individuals. Furthermore, the decline in photosynthetic capacity is caused

by both stomatal and non-stomatal factors.

Keywords cadmium pollution; acid deposition; dioecious; biomass; photosynthesis; chlorophyll fluorescence
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Fig. 1 Effect of Cd* and acid rain on the biomass accumulation in Morus alba seedlings (mean  SE). CK: Control check; AR: Acid rain treatment;
Cd: Cadmium treatment; AR + Cd: Compound treatment. Different letters indicate significant difference (P < 0.05) according to LSD test.
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Table 1 Cd, AR, sex and their interactive effect on the biomass
accumulation in Morus alba seedlings

Jib B FR A= YR A ) MY
Root biomass Stem biomass Leaf biomass Total biomass

Treatment
(m/g) (m/g) (m/g) (m/g)

FCd *k *k ns *k
Far * ns ns *

Fs *k ns *k *k
Feaxar ns ns ns ns
Feaxs * ns ns ns
Farxs ns ns ns ns
Fegxarxs ns ns ns ns

Fea: CARUL; Fog: FRUTFFRUN Fo: PEREIN: Fog x ar: CASARIIZE HALN;
Fegxs: CA 5P RIAE AN Farxs: AR HIAE FLARN; Feaxarxs: Cds
ARFIE: 53 =35 f9 58 ELRR.

Fcq: Cd effect; Far: AR deposition effect; Fg: Sex effect; Fegx ar!
Interactive effect of Cd and AR; F¢q.s: Interactive effect of Cd and sex;
Farxs: Interactive effect of N and sex; Fcyxar«s: Interactive effect of Cd,
AR and sex.

ns: P> 0.05; *: 0.01 < P <0.05; **: P<0.01.
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CK: A HRALFE; AR: FRFIALFE; Cd: #iAb3E: Cd + AR: A 4FL. AfH%
BEFIRAN A A B 8] 47 75 2 22 5 (P < 0.05) .

Fig. 2 Effect of Cd** and acid rain on the gas exchange in Morus
alba seedlings (mean * SE). CK: Control check; AR: Acid rain treatment;
Cd: Cadmium treatment; AR + Cd: Compound treatment. Different letters
indicate significant difference (P < 0.05) according to LSD test.
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24.67%. ARMLFEXT 3501 5l S0 4y B 3R 0O S 8
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%2 Cd. AR\ M3 R —EX AN BRYESE TR
Table 2 Cd, AR, sex, and their interactive effect on the gas exchange
in Morus alba seedlings

ol AT FE N T A
Ak 3 Net photosynthetic Stomatal Transpiration
Treatment rate conductance rate
(P/umol m? s?) (g/molm?s™)  (E/mmol m?s™)

FCd *% *k *k

FAR *% *% *%

Fs ns ns ns
Foguns * o o
Eeabis ns ns ns
Farxs ns ns ns
Feaxarxs ns ns ns

Fog: CARUBL; Fag: FRUTKEN: Fo: VERMRUN: Foyx ar: Cd SARMIAE HLAR;
Fogxs: CASGHERIIAE HALRN; Fag « 52 ARSHERIIIAE HAN: Fog x ar < st Cds
AR 3 =% (158 LG

Fcq: Cd effect; Far: AR deposition effect; Fs: Sex effect; Fegx ar!
Interactive effect of Cd and AR; F¢q.s: Interactive effect of Cd and sex;
Farxs: Interactive effect of N and sex; Feyxar st Interactive effect of Cd,
AR and sex.

ns: P>0.05; *: 0.01 <P <0.05; **: P<0.01.
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9 100 N 180017 o tof 0 Aok A0 O ) e 5 ' 3 26 g 4 o, (L
AN HERR MR AR, BR T IR SALIN R, Je b R T R AT
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Fe M, PEARASAL TR, 010 5 51 F & % BB 25 Cd® Wk B 1 7
T R AR B R (O AE K, # (Viicia faba) AL 2 #1081,
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Fig. 3 Effect of Cd* and acid rain on the chlorophyll fluorescence parameters in Morus alba seedlings (mean * SE). CK: Control check; AR: Acid
rain treatment; Cd: Cadmium treatment; AR + Cd: Compound treatment. Different letters indicate significant difference (P < 0.05) according to LSD test.
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#3 Cd. AR, £ R =& X EEAXN RN F RS HIFENZIT
Table 3 Cd, AR, sex and their interactive effect on the chlorophyll
fluorescence parameters in Morus alba seedlings

g PSIUIOGIS PSISEhis by dEfy
Tremtment | EIHE RTER WKRM WKRM
(FJ/Fw) (Pesu) (9p) (an)
FCd ns *k *k *k
Far ns ns ns ns
Fs ns ns * =
Feaxar * * ns ns
Fegxs ns ns ns *
Farxs ns ns ns ns
Feoxarxs ns ns ns ns

Fog: CARUNE; Fag: FRUTMERUN; Fo: HERIRIN: Fogx ar: CASARMIAE HALN
Fogxs: CASMERIINAE BRIV Fag «s: ARSHERIIIAS RN Fog x ar « st Cds
ARFIMA Il =35 148 AL

Fcq: Cd effect; Far: AR deposition effect; Fg: Sex effect; Fegxar!
Interactive effect of Cd and AR; F,.s: Interactive effect of Cd and sex;
Farxs: Interactive effect of N and sex; Fcyxar«<s: Interactive effect of Cd,
AR and sex.

ns: P>0.05; *: 0.01 < P<0.05; **: P<0.01.
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