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ABSTRACT 
Drought cause yield loss of soybean production is the major reason to yield losing of soybean. To 
improve the germination and growth of soybean seeds under drought stress. We studied the 
effect of the single walled carbon nanotubes (SwCNTs) material in seed germination and the 
physiological changes occurred under drought condition, performed SwCNTs treatments in 
soybean (Zhonghuang 35) seeds at PEG drought stress, evaluated the germination, root and 
shoot length, fresh weight, the activities of superoxide dismutase (SOD), peroxidase (POD), 
catalase (CAT), and the contents of maleic dialdehyde (MDA), ascorbic acid (AsA) and H2O2. The 
results showed that under osmotic potentials of 0, -0.3, -0.6 with PEG 6000, the germination 
percentage of SwCNTs-treated seeds was higher than the control treatment (SwCNTs-untreated 
seeds). The fresh weight of SwCNTs-treated seeds were evidently higher than that of the controls 
under the osmotic potentials of 0, -0.3, -0.6 MPa. The root and shoot length were also longer than 
control in SwCNTs-treated seeds at 0, -0.3, -0.6 MPa (P<0.05, P<0.01) and -0.6 MPa (P<0.01) 
respectively. Moreover, the MDA and H2O2 contents were lower but ASA content and activities of 
SOD, CAT, POD were higher in SwCNTs-treated seeds than control treatment under osmotic 
potentials of -0.3, -0.6 MPa. The results suggest that SwCNTs-treated soybean seeds showed 
improvement in tolerance to drought stress and the combined increases in SOD, CAT and POD 
activities in seeds may play an important role in the improvement of antioxidant capacity under 
drought stress.  
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Introduction  

Achieving food security through a balance of resource management, environmental protection 
and sustainable agricultural development is important for food security (Ogbaji et al., 2013; 
Ogbaji et al., 2018; Shahrajabian et al., 2018; Yong et al., 2018; Shahrajabian et al., 2019a,b,c,d,e). 
Soybean is one of the world,s most important oil and protein crops (Murai et al., 2019). It is also 
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one of the six most important crops in china. Drought in the sowing season can lead to the sowing 
time delay and reseed, through restraining seeds germination and grown. In china, drought and 
semiarid cultivated land takes up more than 40% and causes serious economic losses. Drought is 
the major obstacles to plant and production (Shahrajabian et al., 2013; Shahrajabian and 
Soleymani, 2017; Shahrajabian et al., 2017; Soleymani et al., 2017). Seed pretreatment with H2O2, 
KNO3, hydropriming, GA3, PEG, KNO3-KH2PO4, water has been confirmed to improve the 
germination and emergence in seeds of many crops under drought environments (Bian et al., 
2013; Pipinis et al., 2017). Nanomaterial is an emerging substance and was widespread used in 
electron, medical treatment, aerospace, environment, agriculture because of the unique 
physicochemical property of it. Mariya Khodakovskaya,Alexandru Biris and their workmates in 
Arkansas university, firstly proved that the germination speed and sprout weight of tomato seeds 
which were treated with SwCNTs is more than double of the control. In the present study, we 
want to investigate SwCNTs function during germination and growth of soybean seeds under 
drought stress and discuss the putative mechanism of the action. Furthermore, the study 
examined the possibilities to overcome drought stress by seed pretreated treatment with 
SwCNTs. 
Materials and methods 
Soybean cultivar Zhonghuang 35, which is commonly grown in China, was used as seed material. 
To achieve drought condition, we treated soybean with polyethylene glycol (PEG 6000). 
Germination and early seeding growth (7 days) of the cultivar were studied under distilled water 
(control) and osmotic potentials of -0.3, -0.6, -0.9, -1.2 MPa for PEG 6000. SwCNTs was confected 
put up into solution 1X 10-3 g/L. 
Seed treatments 
Five hundreds of uniformity plump seeds of soybean (Glycine max (L.) Merrill) Zhonghuang 35 
were examined and surfaces-sterilized for 5 min in 5% sodium hypochlorite solution, then rinsed 
thoroughly with deionized water sterilized. Seeds were split charging into two aseptic conical 
flasks with 100 mL SwCNTs solution and distilled water respectively. After 30 min poured-out 
liquor and dry the seeds on super clean bench.      
Germination tests  
Soybean seeds were placed on filter papers socked in 8 mL different concentrations of PEG 6000 
in Petri dishes (9.0 cm diameter) and cultured at 26 °C for 7 days in a growth chamber in the 
dark. There were 30 seeds in each Petri dish and the seeds were covered with aseptic gauzes 
dipped in different concentrations of PEG 6000. The gauzes were changed every day to keep the 
concentrations of solution. Seeds were considered to be germinated at the emergence of the 2 
mm radicle and scored. After seven days, the germination was over and the germination, root 
length, shoot length and fresh weight were scored. The experiments were repeated three times.  
Activities of SOD, POD, CAT and contentions of MDA and H2O2 determination 
Activities of SOD, POD, CAT and contentions of MDA and H2O2 in SwCNTs-treated seeds and 
controls were determined respectively with the kits of SOD, POD, CAT, MDA and H2O2 produced 
by the Nanjing Jiancheng Bioengineering Institute (Nanjing, China). 
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Results  

Effect of SwCNTs on seed germinability and germination percentage 
The results indicated that germinability and germination percentage was decreased with 
increase in osmotic potential in PEG solution. They are inhibited completely at -0.9 and -1.2 
MPa of PEG. All the germinability and germination percentages in SwCNTs-treated seeds 
are more than control (Table 1). 
Table 1. Germinability and germination percentage of seeds treated with SwCNTs and control at 
water stress of PEG 

PEG 
(MPa) 

Seed treatment 

 SwCNTs Control 
 Germinability 

(%) 
Germination percentage 

(%) 
Germinability Germination 

percentage (%) 
0 95.6 97.8 93.3 95.6 

-0.3 94.4 97.8 93.3 94.4 
-0.6 48.9 83.3 47.8 80.0 
-0.9 - - - - 
-1.2 - - - - 

 
Effect of SwCNTs on seed root and shoot length, fresh weight 
Although the root length of non-SwCNTs treated seeds were affected due to the water stress 
of PEG 6000, the seed treated with SwCNTs have significantly higher root length than 
control under osmotic potentials of 0, -0.3, -0.6 MPa (P<0.05; P<0.01). The shoot length was 
also decrease with increase in osmotic potential in PEG solution. It were not evident at 0 
and -0.3 MPa, but it was evidently higher in SwCNTs treatment seeds than control at -0.6 
MPa (P<0.01). The variation trend of fresh weight was consistent with that of the root 
length, and the seed treated with SwCNTs have evident fresh weight than control under 
osmotic potentials of 0, -0.3, -0.6 MPa (P<0.05; P<0.01) (Table 2). 
Table 2. Root length, shoot length and fresh weight of seeds treated with SwCNTs and control at 
water stress of PEG 

PEG 
(MPa) 

Seed treatment 

 Root length (cm) Shoot length 
(cm) 

Fresh weight 
(g.plant-1) 

 SwCNTs Control SwCNTs Control SwCNTs Control 
0 9.032** 7.720** 0.449 0.441 0.591** 0.565** 

-0.3 8.806* 8.248* 0.378 0.385 0.456* 0.421* 
-0.6 6.774* 5.558* 0.229** 0.209** 0.366* 0.336* 
-0.9 - - - - - - 
1.2 - - - - - - 

*P<0.05; **P<0.01 
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Effect of SwCNTs on activities of SOD, POD, CAT and contents of MDA, H2O2 during 
seed germination 
The contents of H2O2 in control seeds were decrease with the increase of the osmotic 
potentials and the activity of CAT had a slightly increase from 0 to -0.3 MPS then it declined 
by small margin at -0.6 MPS. It is confirmed that the content of H2O2 and the activity of CAT 
in SwCNTs-treated seeds had the contrary variation trend. The content of H2O2 increased 
slightly then declined trivially, but the activity of CAT was decreased with the increase of 
the osmotic potentials. Compare to control, the content of H2O2 descended and the activities 
of CAT increased significantly at 0 and -0.3 MPS (Figures 1, 2). The activities of SOD and 
POD in the non-SwCNTs-treated seed had the homology trend that both of them showed the 
significant reduction with increase in osmotic potentials. In the SwCNTs-treated seed, the 
activity of SOD and POD also decrease with the increase of the osmotic potentials, but the 
activities at 0MPS were slightly below the control and the activities at -0.3, -0.6 MPS were 
advanced to the control (Figures 3, 4). As the important sign of membrane-lipid 
peroxidation, MDA contents in SwCNTs-treated seeds were lower than control at -0.3, -0.6 
MPS (Figure 5). The combined increase in SOD,CAT and POD activities in seeds plays an 
essential role in the improvement of antioxidant capacity at drought stress environment. 
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Figure 1. Effect of SwCNTs on the activity of CAT during seed germination. The activity of CAT of the 
controls were decreased with the increase of the osmotic potentials. The activity of CAT of SwCNTs-
treated seeds were decreased with the increase of the osmotic potentials but it were evidently 
higher than that of the controls under the osmotic potentials of 0, -0.3 MPa 
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Figure 2. Effect of SwCNTs on the content of H2O2 during seed germination. The content of H2O2 of 
the controls were decreased with the increase of the osmotic potentials. The content of H2O2 of 
SwCNTs-treated seeds have little changes. It were increased slightly then declined trivially with the 
increase of the osmotic potentials 
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Figure 3. Effect of SwCNTs on the activity of SOD during seed germination. The activity of SOD of 
the controls were decreased with the increase of the osmotic potentials. The activity of SOD of 
SwCNTs-treated seeds were decreased too but it were evidently higher than that of the controls 
under the osmotic potentials of -0.3, -0.6 MPa 

The activity of POD in the seed treatment with CNTs or
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Figure 4. Effect of SwCNTs on the activity of POD during seed germination. The activity of POD of 
the controls were decreased with the increase of the osmotic potentials. The activity of POD of 
SwCNTs-treated seeds were decreased too but it were evidently higher than that of the controls 
under the osmotic potentials of -0.3, -0.6 MPa 

The content of MDA in the seed treatment with CNTs or control
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Figure 5. Effect of SwCNTs on the content of MDA during seed germination. The content of MDA of 
SwCNTs-treated seeds and that of the controls were decreased with the increase of the osmotic 
potentials. MDA content in the SwCNTs-treated seed was lower than control at -0.3 ,-0.6 MPS 
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Discussion 
Drought is the major reason to yield losing of soybean. Our study indicated that although 
the water stress condition delayed the germination considerably, seed pretreatment with 
SwCNTs can improve the germination percentage significantly. Fresh weights of SwCNTs 
treated seeds were evident higher than control under osmotic potentials of 0, -0.3, -0.6 MPa 
(P<0.05; P<0.01). Root length was longer than control under osmotic potentials of 0, -0.3,      
-0.6 MPa (P<0.05; P<0.01). Shoot length was significantly higher in the SwCNTs treatment 
than control at -0.6 MPa (P<0.01). The result supports that SwCNTs can improve the 
germination of soybean under drought stress condition. The carbon treatment did not 
improve the germination of soybean seeds (date not shown), so the structure of SwCNTs 
may play an important role in the case. The SwCNTs might penetrate the hard seed coat of 
soybean. The positive effect of SwCNTs to the germination of soybean seed might be 
explained by more rapid and enhanced water uptake effect. The production of AOS by 
germinating seeds has often been regarded as a cause of stress that might affect the success 
of germination (Christophe Bailly, 2004). Loss of viability during drying of recalcitrant 
seeds of Quercus robur (Finch-Savage et al., 1994), Shorea robusta (Chaitanya and Naithani, 
1994) and Theobroma cocoa (Li and Sun, 1999) is accompanied by a loss of the cellular 
antioxidant potential and an accumulation of free radicals. So the ability of cells to 
withstand loss of water might be closely related to AOS scavenging (Christophe Bailly, 
2004). Protection against oxidative stress during imbibition has also been suggested for 
peroxiredoxins. Our results suggest that the contention of H2O2 in SwCNTs-treated seed 
was less than the control and activities of CAT, SOD, POD in SwCNTs-treated seeds were 
more than the control. Meanwhile, the MDA content in SwCNTs-treated seeds was lower 
than control at -0.3, -0.6 MPS. The results are in line with the findings of the resurrection 
plant Xerophyta viscose (Sherwin and Farrant, 1998), and germinated maize (Leprince et 
al., 1990) or wheat seeds (Farrant et al., 2004). The germination of soybean under drought 
stress is also associated with changes in the balance of AOS content and detoxifying enzyme 
activities. The SwCNTs can promote the germination of soybean seed against desiccation 
stress and it may rapidly induce or enhance the cell signaling. This may lead to the 
expression of many genes, including those coding for defense-related proteins, 
transcription factors, phosphatases, kinases and enzymes involved in AOS synthesis or 
degradation. 
Conclusion 
Our results suggest that the SwCNTs promote the germination of soybean seed under 
drought stress significantly and it also decrease the contents of H2O2 and MDA. Meanwhile, 
it increased activities of CAT, SOD and POD in soybean seeds during early seed inhibition. 
This research may provide a new way of seed priming in soybean to overcome drought 
stress during germination and it also gave a foundation to the study of the mechanism of 
the SwCNTs to the soybean seed germination. 
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