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Figure S1. Prompt fluorescence induction curves (A) and modulated reflection at 820 nm 

(B) of intact pea leaves sprayed with distilled water or polymer P85 only at concentrations 

of 10, 100 and 300 mg/L. 
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Figure S2. Representative chlorophyll fluorescence images of ΦPSII in pea plants sprayed with H2O, 

polymer (10 mg/L, P-10; 100 mg/L, P-100; and 300 mg/L, P-300) and SWCNT (10 mg/L, SWCNT 

-10; 100 mg/L, SWCNT-100; and 300 mg/L, SWCNT-300). The false colour code depicted ranges 

from 0 (black) to 1 (pink) in fluorescence intensity. The images were recorded by means of 

IMAGING-PAM MAXI (Walz, Germany) instrument as in Velikova et al. [12]. 
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Figure S3. Maximum (FM, FM’) and minimum (F0, F0’) fluorescence measured in dark and light 

adapted state, maximum quantum yield of photosystem II (FV/FM), quantum efficiency of 

photosystem II photochemistry (ΦPSII), non-photochemical quenching (NPQ) and redox state of 

photosystem II (qL) in pea leaves sprayed with 300 mg/L SWCNT. Chlorophyll fluorescence 

parameters were measured by IMAGING-PAM MAXI (Walz, Germany) instrument as in Velikova et 

al. [12]. Analysis was performed on whole leaf area (dark gray bars) and on selected leaf area free of 

dark spots (yellow bars) as indicated in Figure S2 (last panel). 
 

 



Table S1. Definition of selected JIP test parameters [14, 20]. 

JIP  

parameter 

Interpretation Mathematical equation 

F0 Minimal fluorescence F20µs, fluorescence recorded at t=20 µs after the 

start of measurement 

FM Maximal fluorescence FP, fluorescence at the P-step of the fluorescence 

induction curve  

φPo Maximal quantum yield of the primary 

photochemical reaction in PSII in dark-adapted 

samples 

𝐹𝑀 − 𝐹0
𝐹𝑀

 

φEo Quantum yield of the process of electron transfer 

from QA– to electron carriers beyond QA– 

𝜑𝑃𝑜(1 − 𝑉𝐽) where VJ is the variable chlorophyll 

fluorescence at phase J of the fluorescence 

induction curve: 𝑉𝐽 =
𝐹𝐽−𝐹0

𝐹𝑀−𝐹0
 

ψEo The probability that the energy of an exciton trapped 

by active PSII reaction centre (RC) will be utilized for 

electron transport beyond QA– 

1 − 𝑉𝐽 

Sm Тotal electron carriers, per RC, reduced during the 

time of the induction rise (from FO to FM) 

𝐴𝑟𝑒𝑎

𝐹𝑀−𝐹0
 , where Area is the total complementary 

area between the fluorescence induction curve 

and F = FP  

N Тurnover number, expressing how many times QA is 

reduced until FM is reached 
𝑆𝑚𝑀0 (

1

𝑉𝐽
) 

M0 Approximated initial slope (in ms−1) of the 

fluorescence transient normalized to the maximal 

variable fluorescence. Reflects the maximal rate of 

initial QA reduction 

4(𝐹300𝜇𝑠−𝐹50𝜇𝑠)

𝐹𝑀−𝐹0
,  where F300µs and F50µs are 

fluorescence intensities at 300 µs and 50 µs after 

beginning of measurement 

RE0/RC Flux of electrons reaching the end carriers at the 

acceptor side of PSI as per RC 
𝑀0 (

1

𝑉𝐽
) (1 − 𝑉𝐼), where VI is the variable 

chlorophyll fluorescence at phase I of the JIP 

transient: 𝑉𝐼 =
𝐹𝐼−𝐹0

𝐹𝑀−𝐹0
 

ABS/RC Absorption flux (exciting PSII antenna Chl a 

molecules) per RC 
𝑀0 (

1

𝑉𝐽
) (

1

𝜑𝑃𝑜

) 

RC/CS0 Number of active (QA reducing) PSII reaction centres 

per cross section 

𝜑𝑃𝑜𝐹0 𝑉𝐽 𝑀0⁄  

δRo Probability with which an electron from the 

intersystem electron carriers is transferred to reduce 

end electron acceptors at the PSI acceptor side 

1 − 𝑉𝐼
1 − 𝑉𝐽

 

PIABS Performance index for energy conservation from 

photons absorbed by PSII until the reduction of 

intersystem electron acceptors 

𝑅𝐶

𝐴𝐵𝑆

𝜑𝑃𝑜

1 − 𝜑𝑃𝑜

𝜓𝐸𝑜

1 − 𝜓𝐸𝑜

 

PItotal Performance index for energy conservation from 

photons absorbed by PSII until the reduction of PSI 

end electron acceptors 

𝑃𝐼𝐴𝐵𝑆
𝛿𝑅𝑜

1 − 𝛿𝑅𝑜
 

 

 

 

 

 

 

 


