IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

- Plasma nitrogen fixation system with dual-

Effects of tetracycline and oxytetracycline on loop enhancemen for improved eneray

efficiency and its efficacy for lettuce

growth and chlorophyll fluorescence in lettuce cultivation

Zeyang HAN, , Mengxue ZHANG et al.

Seed | | ngS - Effect of Organic and Biostimulaters
(Zytonic-F) on Growth and Yield of Two

Lettuce Cultivars

To cite this article: Tian Yang et al 2020 /OP Conf. Ser.: Earth Environ. Sci. 474 022013 DLI;aad Sabah Ismail and Mohammed Hadi
Obei

- Safety evaluation of plasma-treated lettuce
broth using in vitro and in vivo toxicity

models
View the article online for updates and enhancements. Caitlin Heslin, Daniela Boehm, Brendan F
Gilmore et al.

@ N =y DISCOVER
i = how sustainability

The - : intersects with

EleCtSrggg%f/niC&“ electrochemistry & solid

Advancing soid state & state science research

electrochemical science & technology

This content was downloaded from IP address 3.147.104.120 on 15/05/2024 at 17:46


https://doi.org/10.1088/1755-1315/474/2/022013
https://iopscience.iop.org/article/10.1088/2058-6272/ad0c96
https://iopscience.iop.org/article/10.1088/2058-6272/ad0c96
https://iopscience.iop.org/article/10.1088/2058-6272/ad0c96
https://iopscience.iop.org/article/10.1088/2058-6272/ad0c96
https://iopscience.iop.org/article/10.1088/1755-1315/1158/4/042014
https://iopscience.iop.org/article/10.1088/1755-1315/1158/4/042014
https://iopscience.iop.org/article/10.1088/1755-1315/1158/4/042014
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://iopscience.iop.org/article/10.1088/1361-6463/ab7ac8
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjssbe3sMZLDl5GQA3OS0ml3_Ybf4mzmN3aOBtyytQdM84MVBaG1AgnuNCAguSfIk-TCyH6wOXHBqd4XePPpbUhU08hdq-kAEkN69AR-lGERSZslklzA3sR67FHRU2rXGLlnuNW8uA37EaSDkCE_Tn78saVccpxTRrihnF07lRUwJr7WjGR7hMlYU8EWqcFA_0HKIPFEB7xjF9bd6tfMGXkkc0glDMsyijEYv8dUSB4FQh3Gr1ZUZRmuHswKXW2d-m_zk0FUdmCCR145kRU2Nh1lZWN36wRAKgn1ShLk4CrPGhMaVu9L2_6kut3oerZeWwm_SYkKBD82peqcdzScceB8ufavTT2up&sig=Cg0ArKJSzI73Fxrvfc11&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

EPPCT 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 474 (2020) 022013  doi:10.1088/1755-1315/474/2/022013

Effects of tetracycline and oxytetracycline on growth and
chlorophyll fluorescence in lettuce seedlings

Tian Yang!, Zhongli Jiang !, Dian Lin!, Langbo Guo!, Tong Wu?, Zelin Li,
Zhongqun He'and Xiaoting Zhou'*

College of Horticulture, Sichuan Agricultural University, Chengdu, 611130, China
*Corresponding author’s e-mail: 414657644@qq.com

Abstract.At present, the problem of antibiotic pollution in soil is becoming more and more
serious, and antibiotics entering the soil can be absorbed by plants, causing normal
physiological metabolism inhibition. In this experiment, the effects of tetracycline(TC) and
oxytetracycline(OTC) on the growth of lettuce were studied. Matrix culture experiments were
used to investigate the effects of different levels (0, 2, 10, 50, and 250 mg /kg) of TC and OTC
on the growth of lettuce, chlorophyll fluorescence parameters, and antioxidant enzyme
activities. The results showed that TC and OTC caused different degrees of inhibition on the
growth of lettuce due to the different concentrations. Under antibiotic’s treatment, Fv / Fm, Fv
I Fm' and Y (1) of lettuce also showed a downward trend under tetracycline(TCs) treatment,
however, the non-photochemical quenching (NPQ) of absorbed light energy showed an
increasing trend. TCs also inhibited the antioxidant enzyme activity of lettuce, SOD activity
was reduced by 3.27 (light concentration) and 52.68% Chigh concentration) , and POD activity
was decreased by 6.27 (light concentration) to 55.86% Chigh concentration) compared to
control. The results showed that TCs could cause oxidative stress on plant growth, which
should be concerned.

1. Introduction
Antibiotics are widely used in livestock and poultry farming and aquaculture, they are discharged
intowater and soil in large quantities and have potentially harmful to the ecological environment.
China is a major producer and consumer of TCs, with an annual export volume of 1.34x10” kg. Huma
n and animals can not fully digest such large amounts of antibiotics, 80% to 90% of which are dischar
ged into the environment as feces. Soil is the ultimate destination of antibiotics. In recent years, antibi
otics, especially TCs [1], have been found in vegetable soil in many areas of China, with the same cont
ent as abroad and a higher detection rate [2]. TCs can be converted into their metabolites when they ac
cumulate in soil. Over time, they gradually destroy the soil ecosystem through a series of environment
al behaviors [3], posing a potential threat to the quality and safety of agricultural products. Its mass
concentration ranges from a few ug/kg to thousands of ug/kg, and the consumption of some vegetables
exceeds the ecological toxicity trigger value of antibiotics prescribed by the European Union [4]. OTC
and TC are widely used among tetracycline antibiotics, plant uptake of OTC and TC and their
phytotoxicity are rarely studied. As a vegetable that people eat daily, lettuce has the characteristics of
short growth cycle, easy cultivation and sensitivity to pollutants. It is often used as an experimental plant
to evaluate the absorption and toxicity effect of plants to pollutants.

Therefore, based on the previous studies, we are going to study the effects of tetracycline antibiotics
on physiological characteristics and photosynthesis of lettuce, which is expected to provide
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theoretical basis for the blocking of antibiotic pollution in the environment and the safety of vegetable
products.

2. Material and methods

2.1 Experimental materials
The test crop was Italian lettuce (Lactuca sativa L. var. Ramosa Hort.)

2.2Experimental design

In order to avoid soil and organic fertilizers containing tetracycline antibiotics, this experiment was
used a 2: 1 mixed matrix of perlite and vermiculite, and the test materials were planted in a greenhouse
in the campus of Sichuan Agricultural University. When the lettuce were 5 true leaves, the seedlings
were planted in nutrient bowls (10 cm x 10cm). The experiment was designed with 5 levels, which
were 0, 2, 10, 50, and 250 mg/kg, each bowl was filled with 150 g of mixed substrate and 10 ml of
antibiotics of different concentrations, and there was a plate under each bowl. If there is a leak, turn
the water back to the bowl. Omg/kg was considered as control. Samples were taken after 20 days of
antibiotic treatment, samples were stored in -80 °C ultra-low temperature refrigerator for measuring
physiological indicators.

2.3Experimental methods

Chlorophyll fluorescence parameters were measured using a chlorophyll fluorescence meter
(PAM-2500) .After dark adaptation for 30 min, the parameters of Fo 'Fm', Fv / Fm, Y (II), Fv '/ Fm',
and NPQ were measured. SOD activity was measured by nitrogen blue tetrazole photochemical
reduction method[5]. The peroxidase POD activity was measured by guaiacol colorimetry,
methods[6].

2.4Analysis of data
Data were processed using one-way analysis of variance. According to Duncan's multiple range test,
there were significant differences at p <0.05.

3. Results and discussion

3.1 Effect of OTC and TC on the growth index of lettuce seedlings

As is shown in Figure 1, OTC and TC generally showed inhibition in the growth of lettuce. Under
OTC's treatment, the fresh weight of the shoots and roots of lettuce were decreased significantly
among different concentrations, with the fresh weight of the shoot reduced by 10.14% to 21.84% when
compared to CK, and the roots reduced by 11.41% to 23.41%. However, there was an increase in the
concentration of 2 mg/kg, but it was not significant (only by 6.13%). With TC's treatment, there was
also a trend of inhibition in shoots and roots, decreased by 4.61%to 27.02%, and 5.84% to 25.88%,
respectively. Pan compared the effects of different types of antibiotics on the growth of lettuce,
tomatoes, carrots and cucumbers and found that lettuce was more sensitive to antibiotics [7]. In this
experiment, the growth of lettuce was inhibited at high levels of TC, which was similar to previous
studies[8]. In addition, there was a slight increase in the fresh weight of roots under low level of
OTC(2 mg/kg), which to some extent reflected the bi-directional effect of antibiotic on plant growth,
i.e. low concentrations promoted growth and high concentrations inhibited growth[9-10]. Studies
shave suggested that low concentration of antibiotic stress will increase the vitality of plant root
system, which may be the reson that the plant root system resist the adversity and alleviate the harm of
antibiotic stress by improving metabolism, low concentration of antibiotics can promote the synthesis
of intracellular nucleic acids and proteins[11].
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Figure 1 Effects of different concentrations of OTC and TC on the fresh weight of shoot and root of
lettuce

3.2 Effect of OTC and TC on chlorophyll fluorescence

From Table 1, there was a trend of reduction on Y(II) and Fv/Fm with the increasing concentration of
under OTC's treatment, reflecting the inhibition of photosynthesis electron transport. Y(II) were
decreased by 15.17%after adding of 2 mg/kg and 40.77% under 250 mg/kg. While Y(II)were only
reduced significantly by TC under 250 mg/kg. Fv/Fm were decreased significantly under the highest
concentration (250 mg/kg) of both OTC and TC, indicating the irreversible damage to PSII under this
level. Effective photochemical quantum yield (Fv'/Fm') and (NPQ) could reflect PSII photoenergy
capture efficiency and heat dissipation, respectively. The value of Fv'/Fm' decreased significantly
under antibiotic treatment. The value of NPQ increased significantly under antibiotic treatment. NPQ
showed a rise trend followed by the increasing concentration of antibiotic treatment. It may help to
dissipate excess excitation energy to protect photosynthesis mechanism, while considered as stress
reaction[12].

Table 1.Effect of OTC and TC treatment on chlorophyll fluorescence parameters at different

concentrations

Treatments(mg/kg) Fv/Fm Y (1) Fv'/Fm' NPQ
CK 0.761+£0.005a 0.327+0.025a 0.514+0.013a 1.060+0.066¢
2 0.765+0.007a 0.301£0.023a 0.506+0.011a 1.359+0.076d
TC 10 0.7524+0.009a 0.256+0.02ab 0.487+0.01bc 1.624+0.049¢
50 0.760+0.005a 0.259+0.03ab 0.457+0.009¢ 1.965+0.098b
250 0.705+0.015b 0.228+0.018b 0.391+0.012d 2.359+0.130a
CK 0.761+0.005a 0.327+0.025 0.514+0.013a 1.060+0.066¢
OTC 2 0.751+0.007a 0.277+0.031 0.512+0.013a 1.406+0.095b
10 0.758+0.003a 0.238+0.016 0.475+0.011b 1.883+0.094a
50 0.754+0.007a 0.234+0.023 0.460+0.006b 1.912+0.069a

250 0.730+0.009b 0.193+0.023 0.453+0.005b 1.973+0.134a

3.3 Effect of OTC and TC on antioxidant enzyme activities of lettuce seedlings

As is shown in Table 2, under TC and OTC's treatments, the SOD and POD activities of lettuce
showed a general downward trend in both shoots and roots. Under the 2 mg/kg and 250 mg/kg of
OTC's treatments in leaves, SOD activity was reduced by3.27% and 23.86%, respectively, and it
reduced by 5.52% and 29.80% under TC treatment, respectively. There was similar result in root
under the OTC and TC's treatments in SOD activity. This is consistent with the conclusions of study
by Liu et al. [13], which may be due to antibiotics that impair metabolic processes such as normal
electron flow in the respiratory electron delivery chain, and also induces excessive H,O- to cause plant
cell damage, resulting in reduced activity of antioxidant enzymes[14].However, the speed of reduction
of the POD activity by TC's treatment was slower than that of OTC's treatment in leaves while faster
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in roots. This is contrary to the findings of the Riaz et al[15]. It could be the reason that plants are
sensitive to antibiotics and the result vary from antibiotic types, plant types, concentrations, and
culture medium, and the effects of plant antioxidant systems have certain limits. Thus, TCs will cause
oxidation stress to plant growth, but its mechanism of action and influencing factors need further

study.

Table 2.Effects of OTC and TC treatment on antioxidant enzyme activity in the above and
underground parts of lettuce at different concentrations

Treatments SOD of shoot SOD of root POD of shoot POD of root
(mg/kg) (Ulg - Fw) (U/g - Fw) (U/g - Fw) (Ulg - Fw)
TC-CK 125.960+0.650a 68.900+4.220a 113.324+2.124a  184.845+1.255a

TC-2 119.005+0.555ab 64.090+3.010a  106.200+2.000ab  108.120+4.860b

TC-10 113.765+4.095b 47.530+3.360b 101.4044+4.911b 88.215+4.085¢
TC-50 102.070+1.090¢ 36.840+0.520bc 84.115+2.115¢ 88.230+2.230c¢
TC-250 88.425+1.515d 38.295+0.855¢ 58.155+2.052d 81.5954+2.995¢
OTC-CK 125.96040.650a 68.900+4.220a 113.324+2.124a  184.845+1.255a
OTC-2 121.845+2.135ab 65.410+£2.630a 83.632+2.184b 152.270£1.300b
OTC-10 118.470+2.120b 58.805+2.725a 73.154+5.618bc  126.165+4.235¢
OTC-50 98.275+2.375¢ 42.575+3.765b 73.000+£6.902bc  120.095+1.615¢
OTC-250 95.900+1.370c 32.575+2.455¢ 66.184+0.957¢ 92.565+4.415d

4. Conclusion

The results showed that OTC and TC inhibit the growth of lettuce in general. Moreover, two
antibiotics have a certain inhibitory effect on the photosynthesis process and antioxidant enzyme
activity of lettuce, and the inhibition effect is increasing with the increase of tetracycline addition.
Combined with the results of the present experiment, tetracycline has an ecotoxic effect on lettuce
growth and photosynthesis.
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