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Abstract: The Eco-physiological assessments of variable parameters 
known to be essential for proper plant growth and health were determined 

in cucumber plants exposed to short term treatments in 42 days using two 

broad classification types; Photo Fenton solution generating OH radicals 

and simulated acids. Solutions containing different classification of 

scavengers of OH radicals and mannitol were employed as Controls. 

Results indicated that the acid rain and photo Fenton solution both 

decreased the photosynthetic rate (Amax), stomatal conductance (gs), 

photochemical efficiency of PSII in the dark (Fv/Fm), SPAD chlorophyll 

and they imparted severe foliar injuries on cucumber leaves. The acids 

treatments have the highest negative impact followed by the photo 

Fenton Solution. The mechanisms of phytotoxicity of the two solutions 
may be through OH radical and other Reactive Oxygen Species (ROS) 

generation. The addition of mannitol, catechin hydrate and tea solutions 

to the acids and photo Fenton solution mixtures all mitigated the 

negative effects of the duo on the cucumber plants. Mannitol at dosage 

applied in the present study can be adjudged to be the best in the 

amelioration of the negative effects of the fumigants. Future plant 

protection from deleterious impacts of atmospheric and hydrospheric 

pollutants can employ mannitol as scavengers of ROS.  
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Introduction 

Acid rain is a global environmental problem which 

can affect plants directly by suppressing the leaves 

function and indirectly by soil acidification and base 

cations leaching (Shu et al., 2019). Acid deposition may 

be in the form of acid rain, snow, fog, humidity and acid 

gas and dust (acidity < pH 5.6). Because human 

industrial activity produces additional acid-forming 

compounds in far greater quantities than natural sources 

of acidity, wet deposition with pH values of 3.0 or lower 

have been reported. Highly acidic deposition may cause 
many problems, ranging from killing freshwater fish and 

damage to crops, to erosion of buildings and monuments 

(Manahan, 2001). Additionally, acid deposition alters 

soil chemistry, nutrient availability and plant growth; 

thus, its effects on terrestrial ecosystems may be chronic 
and accumulative (Shan, 1998), leading to trees and 

shrubs being weakened and becoming more vulnerable 

to insects, diseases and fungal infestations (Eamus and 

Fowler, 1990; USEPA, 2010). 

Acid mist at pH 2 and 3 caused physiological and visual 

damage to Japanese red Pine (Oguntimehin et al., 2013). 
Zhang et al. (2020) indicated also that simulated acid rain at 

pH 3.5 and pH 2.5 could restrict photosynthesis and the 
antioxidant defense system, causing metabolic disorders 

and ultimately affecting plant development and growth. 
Moreover, vegetables and fruit trees were more sensitive to 

acid rain than other economically used plants (Du et al., 
2017; Debnath et al., 2018). 

There is increasing evidence that atmospheric 

pollutants caused elevated levels of Reactive Oxygen 
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Species (ROS), which induced peroxidation of the cell 

membrane and contributed significantly to damage on 

plants (Shu et al., 2019).  

Air pollutants, such as O3 and sulphur dioxide (SO2), 

have been implicated in ROS formation and are 

considered to be one of the major factors contributing to 

modern forest decline (Langebartels et al., 2002). When 

cells are exposed to SO2 for example, an appreciable 

acidification of the cytoplasm occurs because this gas 

reacts with H2O to form sulphurous acid, which may 

then be converted into sulphuric acid. The oxidation of 

sulphite to sulphate in the chloroplast, which is initiated 

by light and mediated by photosynthetic electron 

transport, gives rise to O2˙ˉ.  

In plants, ROS are normal byproducts of various 

metabolic pathways, they are also produced under stress 

conditions in various cellular compartments, including 

chloroplasts, mitochondria, peroxisomes, the 

Endoplasmic Reticulum (ER) and plasma membranes 

(Mittler, 2002; Asada, 2006).  

ROS production is controlled by various enzymatic 

and non-enzymatic antioxidative systems. Enzymatic 

antioxidants include catalase, CAT (H2O2 

oxidoreductase), Ascorbate Peroxidase (APX), Guaiacol 

Peroxidase (GPX), Superoxide Dismutase (SOD) and 

enzymes that detoxify LP products and non-enzymatic 

antioxidants include Ascorbic Acid (AA), Glutathione 

(GSH), Tocopherols (TOCs), Carotenoids (CARs) and 

phenolic compounds. In addition, an array of enzymes, 

such as Monodehydroascorbate Reductase (MDHAR), 

Dehydroascorbate Reductase (DHAR) and Glutathione 

Reductase (GR), is needed for the regeneration of the 

active forms of the antioxidants (Karuppanapandian et al., 

2008; 2006a; 2006b; 2011). 

ROS are not only produced as toxic by-products but 

are also an important component of the plant defense 

response during stress conditions. Generally, ROS have 

been proposed to affect stress responses in two different 

ways: ROS react with biological molecules causing 

irreversible damage that can lead to cell death 

(Karuppanapandian et al., 2011); and secondly, ROS 

influence the expression of several genes involved in 

various metabolic and signal transduction pathways 

(Mittler et al., 2004). 

The objectives of this study were to investigate the 

effects of photo Fenton solution generating OH radicals, 

simulated acid rain and co-treatment with some 

exogenous scavengers of reactive oxygen species (i.e., 

mannitol, (+)-Catechin hydrate and tea solution) on 

cucumber plant (Cucumis sativus L. cv. Suyo) by the 

measurements of gas exchange characteristics, 

chlorophyll fluorescence parameters, chlorophyll values 

and foliar visible injury. 

Methodology 

Plant 

Cucumber seedlings were purchased from a garden 

center in Saijo, Hiroshima Prefecture, Japan and were 

immediately transplanted into 10 L capacity growing pots. 

The pots contain the soil mixture “Golden” a vermiculite 

obtained commercially from Iris Ohyama Co. Ltd., 

Sendai, Japan. Plant growth and nurture took place inside 

greenhouses at the campus of Hiroshima University, 
Higashi-Hiroshima, Japan. For optimum growth, pots 

were watered once a day at 07:00 HR for 30 minutes using 

an auto-drip irrigation system installed inside the 

greenhouse. In addition, ‘Hyponex-6-10-5’ a liquid 

fertilizer (Hyponex Japan Corp. Ltd., NPK = 0.006%: 

0.01%:0.005% solution) was used at a rate of 1 mL 

concentrated nutrient solution/500 mL water/pot weekly. 

Greenhouse Design 

Four greenhouse (16 m length × 3 m width × 3 m 
height) chambers were used in plants cultivation, growth 

and nurture. The upper halves of the framed house 

(excluding the two ends) were covered with transparent 

Ethylene-Tetrafluoro Ethylene copolymer Film (ETFE) 

made by F-CLEANs, Asahi Glass Green-Tech Co. Ltd., 

Japan. The ETFE polymer allows maximum ultraviolet 

light transmission (over 95% sunshine transparency) into 

the chamber. Observation showed that the meteorological 

conditions inside and outside the greenhouse during plant 

growth and the exposure periods were nearly same. 

Interestingly, mean air temperature and mean relative air 
humidity logged by a Thermo recorder TR-72S (T&D 

Corp., Japan) in the greenhouse from April to July were 

25.8±2°C (day); 19.1±2°C (night) and 71.2±5% RH 

respectively. Likewise, mean photosynthetic photon flux 

density (PPFD) measured using an LI-190SA Quantum 

Sensor (Licor, USA) at noon on most sunny days during 

the experimental period via the foliage of the cucumber 

plants was 1107±26 µmol m2 s1.  

Treatments and Exposure 

The treatments used in the present research can be 
classified generally into three types. Type I are the one 
containing the ･OH-generating solution-R; Type II are 
those containing the sulphuric acid mist- S and the Type 
III are the various additives used for various purposes. 
Altogether, four treatments were used in each category, 
making the total number of treatments twelve.  

The OH generating solution (R) known as photo Fenton 

solution (Chiwa et al., 2005; OH formation rate 11.6 µM/h) 

was prepared from (Hydrogen peroxide 200 µmol/L + 

Iron(Ⅲ) chloride 1 µmol/L + Sodium oxalate 5 µmol/L). 

A stock solution of 0.1 M H2SO4 (S; Nacalai Tesque 

Inc., Kyoto, Japan) was prepared by adding 1.53 mL of 

the acid into 100 mL of Milli-Q water (ultra-pure water 
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obtained from a MilliQ Plus system, Japan, Millipore; ≥ 

18 MΏ cm) in a standard flask. The stock was diluted to 

a final pH of 3 with MilliQ water inside a 2 L beaker for 

each spraying period.  

Mannitol (M) and (+)-Catechin hydrate (C) at a 
concentration of 1 mM and 100 µmol/L (Tokyo chemical 

industry Co., LTD, Japan), respectively were prepared for 

use as OH radical scavengers. Moreover, 2 g of tea leaves 

(Safari tea) were added to 150 mL of MilliQ water of 

30°C for 2 min then filtered using 0.45 µm membrane 

filter to get tea solution (T). The twelve experimental 

treatment groups were given acronyms as; R, RM, RC, 

RT, S, SM, SC, ST, M, C, T and the CO (Con.; cucumber 

plants fumigated with MilliQ water only).  

Each treatment group was made up of six cucumber 

plants distributed carefully inside the greenhouse. All the 
sprayed treatment solutions were applied to cucumber 

foliage three times per week (day after two days at 

07:00-08:00 HR) from May 23 to July 4 using an 

electronic spray machine with a nozzle (BS-4000, 

Fujiwara Sangyo, Miki, Japan). On the average, each 

plant received about 50 mL of solution per spraying 

period (42d) and the solutions' components were applied 

singly. In most cases, S or R were fumigated first and the 

other components e.g. M in SM treatment; C in SC 

treatment and T in ST treatment were applied after the 

wet cucumber leaves had become dried naturally after ~ 

30 min (Oguntimehin et al., 2010a). Visible injury of 
cucumber leaves was observed across all treatments.  

Gas Exchange Measurements  

Carbon dioxide and water vapor exchange 

measurements were conducted on mature primary 

cucumber leaves as previously reported by   

Oguntimehin et al. (2010b). From 7:00 to 11:00 HR, net 

photosynthesis (Amax) at near-saturating irradiance of 

1500 μmol m−2 s−1, stomatal conductance (gs) and 

intercellular CO2 concentration (Ci) were measured in 

matured leaves in each treatment. For each measurement, 

the leaf chamber area was fully covered with cucumber 

leaf. Chamber leaf temperature was kept at 25±2°C 

while the leaf to air vapor pressure deficit’ (VpdL) was 

maintained between 0.8 and 1.3 kPa and ‘air into leaf 

chamber’ CO2 concentration was kept at 370 μmol CO2 

mol−1 in a flow rate of 500 μmol s−1 by an open-flow 

infrared gas analyzer with light and temperature control 

systems (LI-6400, Li-cor Inc., Lincoln, NE, USA).  

Chlorophyll Fluorescence  

Chlorophyll fluorescence was measured at 19:30–

20:30 HR using a portable chlorophyll fluorometer 

(MINI-PAM, Heinz Walz GmbH, Effeltrich, Germany) 
with leaf-clip holder 2030B (Heinz Walz GmbH); and a 

micro quantum sensor for selective photosynthetically 

active radiation (PAR) measurements (0 to 20,000 μmol 

m−2 s−1). The leaves that were previously used for the leaf 

gas exchange measurements were dark-adapted and 

arranged compactly in a parallel array and clamped with 

the holder, then the minimal fluorescence values (Fo) were 

obtained upon excitation of leaves with a beam from the 
light-emitting diode; and maximum fluorescence (Fm) was 

measured following a 600 ms pulse of saturating white 

light. The yield of variable fluorescence (Fv) was taken as 

Fm-Fo. These measurements indicated maximal 

photochemical efficiency of PS (II) in the dark (Fv/Fm). 

SPAD Leaf Chlorophyll Value Measurements 

Chlorophyll content value in cucumber leaves (5 
leaves per plant) was estimated by using a digital 
chlorophyll meter SPAD (Model 502, Konica Minolta 
Optics Inc., Osaka, Japan) through measuring light 
absorption by leaves at specific wavelengths. The 
measurements were carried out a day before the treatment 
applications and immediately after the treatments finished. 
The measurements were recorded in Chlorophyll meter 
(Soil Plant Analysis Development ‘SPAD’) units 
(Markwell et al., 1995; Oguntimehin et al., 2010b). The 
difference between the readings before and after the 
treatments is an index of leaf or plant health. 

Statistical Analysis  

The SPSS 16 (SPSS, USA) software was used to 
analyze all data. Results were presented as averages of 
values from six cucumber plants in each treatment 
group. The significance of the differences in average 
values among treatments was evaluated by ANOVA 
after verifying normality and homogeneity of the data 
(one-way ANOVA, p < 0.05). Comparison of means 
between the treatments was performed using Tukey’s 
post-hoc treatment test.  

Results 

Photosynthetic Responses in Cucumber Plants to 

Varied Treatment Types  

Respiration used to compliment photosynthesis in 
higher plants. The primary function of photosynthesis is to 
assimilate CO2 and radiant energy in the formation of 
carbohydrate. A significant portion of those carbohydrates 
become the main substrates of respiration, but often after 
some period of storage or distance of transport (Amthor, 
1995). The present study shows values for the 
photosynthetic rate at maximum irradiance (Amax), which 

are different statistically when compared between varied 
treatment types. Negative effect of some treatments on plant 
becomes very strikingly noticed for the S, R treatments, 
whose values are about 75% and 55% reduced as against 
the control (Co). Other treatment used to control the 
negative impact of each target stress-inducing treatment 
and to suggest a form of amelioration were higher in 
values than treatments S and R, respectively (Fig. 1A). 
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It is an established truth that the most physiologically 

meaningful measure of stomatal functioning is the 

diffusion resistance or (conductance) Jones (1994). So 

also, since many individual factors have notably high 

effects on stomatal conductance, it has been best studied 
under a controlled environment as used in the present 

study where each factor may be varied independently. 

Results of gs from the present study closely mimics the 

Amax, in that treatments containing acidic (S) and the 

hydroxyl radical (R) are statistically and comparatively 

lower in value than the control (Co). 

Since the internal CO2 concentration determined in the 

present study relates to that fixed in the photosynthesis, it 

must diffuse from the ambient air through a series of 

resistances to the carboxylation site, there is usually a fairly 

constant values recorded for the majority of the treatments 
unlike what was observed for the Amax (Oguntimehin and 

Sakugawa, 2008; Oguntimehin et al., 2013). As shown in 

Fig. 1C, there is an obvious inverse correlation relationship 

between Amax and interstitial CO2 concentration. Table 1 

depicts that elevated CO2 concentration had a significantly 

lowered effects on both Amax and gs.  
 

 
 
Fig. 1: (a) The photosynthetic rate measured at saturated irradiance, Amax. (b) Stomatal conductance to water vapor, gs. (c) Internal 

CO2 concentration, Ci, for twelve treatments of cucumber, including a control measured after the 42 days exposure. Values 
shown in the figure are means of six plants measurement in each treatment group ± standard errors. Different letters on each 
bar indicate significant differences for a treatment at p < 0.05 
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Basic Chlorophyll Measurement Responses to the 

Simulated Plant Stressor 

The results of the cucumber leaves chlorophyll 

fluorescence analysis is a reflection of the functioning of 

the intact photosynthetic system. Minimum fluorescence 

(Fo) is the intensity of fluorescence divided by the 

intensity of the light used to excite fluorescence. Fo was 

measured when all reaction centres are in oxidized or 

open state. Fo values obtained in the present study were 

fairly uniform for almost all the treatments. Slight 

elevation in values was noticeable for R as against the M 

treatment. S treatment does not show much elevation in 

Fo value like R treatment. The maximum fluorescence 

(Fm) is an important indication of an irreversible or 
partially slowly reversible damage to the photosynthetic 

system in plants. The results as shown in Fig. 2B 

indicated that Fm is drastically lowered and statistically 

significant in the two treatments R and S.   

 

 
 
Fig. 2: (a) Initial fluorescence, F0. (b) Maximum fluorescence, Fm. (c) Photochemical efficiency of PSII in the dark, Fv/Fm for twelve 

treatments of cucumber, including a control measured after the 42 days exposure. Values shown in the figure are means of six 
plants measurement in each treatment group ± standard errors. Different letters on each bar indicate significant differences for 
a treatment at p < 0.05 
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Photoinhibition is often related to a particular 

quenching that controls the lowering of Fm values, 

however, more than just lowering in the Fo value, a 

more and better efficient assessment of plant stress in 

plants is the efficiency of PS II in the dark given by 

the ratio Fv/Fm. The values of Fv/Fm were fairly stable 

in all the treatments and close to the estimated normal 

value of 0.83 proposed for a healthy plant    

(Bjorkman and Demmig, 1987). However, unlike the 

healthy value, those for the R and S treatments are 

below 0.7. Those values are even smaller compared 

with our previous studies reported on some treated 

higher plants (Cherry tomato and Japanese red pine 

seedlings (Oguntimehin et al., 2010a; 2013). 

However, results of the acid and reactive oxygen 

generation treatments on Fv/Fm are much more 

comparable to that from another earlier study using an 

Impatiens spp. as bioindicator of ozone, fluoranthene 

and acid exposure (Oguntimehin et al., 2010b).  

The Cucumber Leaf Chlorophyll Quality and Visual 

Assessment Variations with Treatments 

The cucumber SPAD chlorophyll value is a 

characteristic of the amount of chlorophyll in the 

cucumber leaves. The SPAD value is a measure of the 

absorbances in the red and the near-infrared regions. 

Using the two absorbances, the numerical SPAD value is 

proportional to the amount of chlorophyll in the leaves.  

The present study results indicated that the cucumber 

plants treated with acid or acid-containing treatments (S, 

SM, SC and ST) have very poor leaf chlorophyll values 
(Fig. 3). The lowest being the S treatment which is about 

57.6% decreased when compared to the control treatment 

‘Co’. Similar poor leaf Chlorophyll values were recorded 

for treatments (R, RM, RC and RT). The treatments type 

containing OH radical producing mixtures with ‘R’ being 

the mostly phytotoxic in the treatment group. It was 

observed to have a reduced SPAD chlorophyll value of 

about 50.6% compared to the control treatment ‘Co’.  

 

 
 

Fig. 3: SPAD Chlorophyll value of cucumber plant leaves under twelve treatments measured after the 42 days exposure. Values 
shown in the figure are means of six plants measurement in each treatment group ± standard errors. Different letters on each 
bar indicate significant differences for a treatment at p < 0.05. 
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 **. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
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The pictures of the cucumber plant leaves for the 

various treatment types after the long-term exposure 

experiments are displayed as Pic. 1a to Pic. 3c (Fig. 4). 

The Pic 1a and Pic 2a belonging to the photo Fenton 

solution and the acid solution treated cucumber plants 

have the highest concern as visible foliar damages like 

chlorosis and necrosis are highly presented. Other in the 

control group and mannitol solution treated plants are 

safe and have reduced or no negative foliar symptoms of 

disease and malady. 
 

 

Pic. 1a: ‘R’ treatment Pic. 1b: ‘RC’ treatment 

Pic. 1c: ‘RT’ treatment Pic. 1d: ‘RM’ treatment 
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Pic. 2a: ‘S’ treatment Pic. 2b: ‘SC’ treatment 

Pic. 2c: ‘ST’ treatment Pic. 2d: ‘SM’ treatment 
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Fig. 4: Leaf visible foliar damage as contrasted between the three types treatments: Type I are the one containing the ･OH-

generating solution-R, R plus Mannitol (RM), R plus catechin hydrate (RC) and R plus Tea solution (RT).; Type II are those 
containing the sulphuric acid mist-S, S plus Mannitol (SM), S plus catechin hydrate (SC) and S plus tea solution (ST); and 
the Type III are mannitol (M), catechin hydrate (C), tea solution (T) and control (CO); Picture 1(a-d) showing the foliar 
symptoms from the photo Fenton Solution (R) containing treatments; Pic. 2(a-d) showing the foliar symptoms from the 
Sulphuric acid (S) containing treatments; Pic. 3(a-d) showing the foliar symptoms from the different controls' treatments 

Pic. 3a: ‘C’ treatment Pic. 3b: ‘T’ treatment 

Pic. 3c: ‘Co’ treatment Pic. 3d: Mannitol 
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Discussion 

Negative Impact of Acidic and Reactive Oxygen 

Species on Cucumber Plant Gas Exchange 

The lower photosynthetic rate (Amax) measured for 

the acid and OH radical producing reagent mixtures 

treated cucumber plants are indications of inhibition 

in photosynthetic apparatus and the resultant poor 
health conditions conferred on the plants in the short 

term exposures.  

The various combinations of the acid and OH radical 

producing mixtures were found to have an ameliorating 

effect on negative implications on the cucumber plants. 

Mannitol as additive to these treatments manifested the 

greatest mitigation activities for both the acid and the 

OH radical mix. This observation corroborates earlier 

studies involving using different treatment mists on 

Japanese red pine seedlings and cherry tomato plants 

(Nakatani et al., 2004; Oguntimehin and Sakugawa, 
2008; Oguntimehin et al., 2010a; 2010b). Other 

additives added to the fumigants also have similar 

mitigating effects. 

Stomatal closure is an important stress avoidance 

mechanism in plants (Lefohn, 1991). The reduction in 

Amax and gs of treated cucumber plants by the acid and 

photo Fenton solution in the current study are 

comparable to older results obtained by Kobayashi et al. 

(2002; Yoon et al., 2006), who fumigated with OH 

radical-generating solutions on Japanese red pine and 

Japanese apricot (Prunus mume) plants, respectively.  
 A different but more recent study involving the use 

of photo Fenton solution similar to the OH generating 

mixture employed in the present study has established 

the ability of such mix to impact the protective effect of 

the cucumber plant against the popular disease ‘powdery 

mildew’ (Sakugawa et al., 2012). The present study has 

been able to show that increased dosage of photo Fenton 

solution over the amount experimented with the previous 

study on the plants may be deleterious to cucumber 

plants. This sancrosanctly place a caution on the dosage 

of exposure of photo Fenton solution and the likes 

known to operate via the production of OH radical or 
other Reactive Oxygen Species (ROS) generation for 

preventive or curative purposes on plants. 

The decreased Amax and gs are highly connected to 

each other (Table 1). There is a possibility of formation 

of ROS outside the plant, on the leaves of cucumber 

directly from the OH generation mixtures. This may 

eventually find its way inside the plant through the 

stomata opening into the chloroplast, thereby causing 

photoinhibition and photooxidation. It has been earlier 

established that a more complex process for the 

generation of ROS may also take place inside the plants 
(Karuppanapandian et al., 2006c). The amount of ROS 

produced in the plant is therefore increased by the 

treatment source. Most reliably, the decreased effect of 

gs in this present study might have caused the decreased 

Amax values. Stomata resistance, likened to resistance of 

boundary layers, is directly linked to the diffusion of the 

pollutant plume through the stomata. Another possibility 
is the ROS inhibiting the activity of sulphuric acid-

containing, light-activated enzymes of the chloroplast, 

thereby resulting in the loss of photosynthetic function 

(Vollenweider et al., 2003).  

Ci represents a balance of CO2 influx through the 

leaves via the stomata aperture (gs). Even though the 

CO2 concentration in the environment is relatively 

constant, stomata are sensitive to CO2. The nearly 

stable internal CO2 concentration in this study is not 

strange (Oguntimehin et al., 2010b). Ultimately, the 

close matching of gs with Amax must have suggested 
that a signal from the mesophyll controls the stomatal 

aperture (Jones, 1994).  

Chlorophyll Fluorescence Response in Treated 

Cucumber Plants 

Photosystem II oxidizes water to evolve oxygen and 

provides electrons and protons. The energy is conserved 

in unstressed plants. However, under stress induction, 
there is a loss in energy due to the rapid disappearance of 

PS II subunits and the stalling of photosynthesis. 

Photoinhibition is therefore increased under stress 

conditions (Trebst, 1995). The highly reduced values of 

Fv/Fm below the generally accepted value 0.83   

(Bjorkman and Demmig, 1987) for a healthy plant in the 

dark-adapted plants is a clear indication of extremely 

stressed cucumber plants from the R and S treated groups. 

Lowered values of the quantum yield falling below 0.7 

may be traceable to the damage done by photoinhibition to 

the PS II system thereby lowering its ability to transport 
electron functionally (Navrot et al., 2007). 

Factors that Impacted Photosynthetic Activities in 

Treated Cucumber Leaves 

All eco-physiological parameters determined in the 

present study impacted either positively or negatively 

on the photosynthesis of cucumber plant. The overall 

effect of tampering with the photosynthetic pathway, 
apparatus and rate will ultimately contribute to plant 

increased or decreased plant health. The study has been 

able to show (Table 1) that parameters of positive 

correlations with Amax are chlorophyll content (CC) > 

leaf stomatal conductance (gs)> efficiency of PSII in 

the dark (Fv/Fm) > maximum fluorescence value (Fm). 

On the contrary, the parameters internal CO2 

concentration (Ci) and initial fluorescence value (Fo) 

are negatively correlated with Amax. The very high 

correlation coefficent between Amax and CC is a 

reflection of how the health status of plants with green 
leaves (high chlorophyll) could mean better 
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photosynthetic apparatus and consequently high 

photosynthetic rate. Other parameters observed with 

such high correlations with Amax is in agreements with 

some previous studies (Oguntimehin and Sakugawa, 

2008; Oguntimehin et al., 2010a; 2010b). The obvious 
fact that plants health status can be directly linked to its 

Amax output can never be overemphasized.  

Comparative Phytotoxicity of Acid and Photo 

Fenton Solution  

Clearly, the study has been able to comparatively 
examine the impact of acid rain and the photo Fenton 
solution on the cucumber plant. The phytotoxicity of the 
two are significantly observed with respect to the 
decreased gas exchange parameters (photosynthetic 
rates, stomatal conductance), physiological changes as 
reflected by the lowered SPAD chlorophyll quality of the 
cucumber leaves and the poor foliar appearances of the 
two treatment groups. It can be boldly said that the acids 
group inflicted more injuries and general damages to the 

cucumber plant than the OH radical producing treatment 
group. Comparatively, previous reported studies 
involving similar acid used here showed damages to the 
test plants, however, the present study has been able to 
speculate that similar damaging results could imply 
similar mechanisms of damage. In either case OH radical 
and other ROS are implicated (Kobayashi et al., 2002; 
Overmyer et al., 2003). 

It can be said that the great contrast in the foliar 
assessments between the acids and photo Fenton 
solution treated cucumber plants and the control series 
that long term exposure of the duo (acid rain, photo 

Fenton reagents) had depleted the chlorophyll 
pigmentation, caused visible foliar injuries like 
chlorosis and even deadness of cells by necrotic lesions 
on their leaves. (Pic. 1a and Pic. 2a). Similar results 
were obtained for damages borne on Japanese red pine 
(Oguntimehin et al., 2013). All malady and poor foliar 
health are traceable to increased plant stress and the 
inability of the photosynthetic and chlorophyll 
apparatus from working properly. Such events may 
even lead to the total annihilation of the cucumber 
plants (Overmyer et al., 2003). 

Conclusion 

While many eco-physiological studies have proved 

the various roles of the ROS on plant growth and general 

health, it has not been able to show that similar 

mechanisms exist for the acid rain-induced phytotoxicity 

and the one brought about by the photo Fenton solutions. 
The present study has been able to link the duo and also 

to assess the extent of damage to the foliar and 

physiological changes resulting from the residences of 

the fumigants on the plant. Comparative examinations of 

the various mitigating solutions also revealed that the 

ameliorating impacts of mannitol cannot be undermined. 

Mannitol used at a minimal dosage as a scavenger of 

ROS as applied in this study can prevent possible 

negative and deleterious effects of pollutants in air or 

water whose damaging effects is proposed via ROS.  
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