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16 Text S1 Determination of IAA and tryptophan

17 The contents of IAA in soil and plant samples were determined by HPLC-MS/MS 

18 using the previous method.1 The fresh samples were homogenized in liquid nitrogen 

19 and extracted with ethyl acetate (containing 10 μg L-1 butylated hydroxytoluene). The 

20 mixture was ultrasonicated in an ice bath for 15 min and centrifuged at 12000 rpm at 4 

21 °C for 15 min. The supernatant was vacuum freeze-dried at room temperature and then 

22 re-suspended in 70% ethanol (V/V) and 10 μL was used to determine IAA. 

23 HPLC condition details:

24 Five μL of extraction was injected in HPLC with a T3 column. Mobile phase 

25 parameters were as follows: A, 0.01% formic acid/water (v/v); B, 0.01% formic 

26 acid/acetonitrile (v/v). The elution gradient was as follows: 0 min, 5% B; 1.5 min, 5% 

27 B; 9 min, 70% B; 10 min 70% B; 10.1 min, 5% B; 15 min, 5% B at the flow rate of 

28 0.35 mL min-1.

29 MS condition details:

30 PRM (Parallel Reaction Monitoring) was used for collection. The MS2 resolution 

31 was set to 17500. The isolation window and collision energy were 3.0 m z-1 and nce: 

32 10. IAA was detected in negative ion mode.

33

34 For the determination of tryptophan, fresh samples were homogenized in liquid 

35 nitrogen and extracted with 80% methanol. The mixture was ultrasonicated in an ice 

36 bath for 5 min and centrifuged at 14000 rpm at 4 °C for 15 min. The supernatant was 

37 used to determine tryptophan.

38 HPLC condition details:

39 Five μL of supernatant was injected in HPLC with a T3 column. Mobile phase 

40 parameters were as follows: A, 20 mM ammonium formate (in water); B, 20 mM 

41 ammonium formate (in 90% acetonitrile, v/v). The elution gradient was as follows: 0 

42 min, 95% B; 1 min, 95% B; 15 min, 65% B; 17 min 65% B; 18 min, 95% B at the flow 

43 rate of 0.25 mL min-1.

44 MS condition details:

45 PRM was used for collection. The MS2 resolution was set to 17500. The isolation 
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46 window and collision energy were 3.0 m z-1 and nce: 10, 20 and 40 respectively. 

47 Tryptophan was detected in positive ion mode.
48
49
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50 Text S2 Effects of CeO2 NMs on the yield of cucumber

51 CeO2 NMs had a positive effect on cucumber growth (Fig. S2). The application of 

52 1, 10 and 50 mg kg-1 CeO2 NMs significantly increased plant height by 11.0%, 14.5% 

53 and 4.8% over control at maturity stage, respectively (Fig. S2A). Compared with the 

54 control, 10 and 50 mg kg-1 CeO2 NMs significantly enhanced the shoot fresh weight by 

55 29.1% and 24.8%, and the root fresh weight by 33.7% and 39.9%, respectively (Fig. 

56 S2C, D). Roots are important organs for plants to absorb water and nutrients.2 The 

57 stimulated hormones may be responsible for increased growth by NMs.3 Finally, 10 

58 and 50 mg kg-1 CeO2 NMs increased the fresh weight of cucumber fruits by 28.5% and 

59 13.6% (Fig. S2B). The diameter of the cucumber cross section was also induced by 

60 CeO2 NMs and reached maximum at 10 mg kg-1 (Fig. S2E). Therefore, 10 mg kg-1 CeO2 

61 NMs promoted the growth of cucumber most and was selected for further investigation.
62
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63

64 Fig. S1 Characterization of CeO2 NMs: TEM image (A) and XRD (B).
65
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66

67 Fig. S2 Cucumber growth as affected by 0, 1, 10 and 50 mg kg-1 CeO2 NMs: plant 

68 height (A), total fresh weight of fruit (B), shoot (C) and root (D), cross section of 

69 cucumber fruit (E). The error bar with different letters were significantly different 

70 corresponding to the standard error of mean value (p＜0.05).

71
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72

73 Fig. S3 Cucumber growth as affected by 10 mg kg-1 CeO2 NMs: fresh weight of 

74 cucumber root and shoot at seedling stage (A), element content in cucumber root and 

75 leaf during flowering (B), relative expressions of aquaporin genes (C) and content of 

76 pigment (D) during flowering after exposed to 10 mg kg-1 CeO2 NMs.
77
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78

79 Fig. S4 Microbial tryptophan biosynthesis in rhizosphere soil (A) and total nitrogen 

80 content of the apical meristem (B) at seedling stage after exposed to 10 mg kg-1 CeO2 

81 NMs.
82
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83

84 Fig. S5 Chlorophyll content (A), partial least squares-discriminate analysis (PLS-DA) 

85 score plots of profiles (B) and volcano plot metabolites of cucumber fruits (C) after 

86 exposed to 10 mg kg-1 CeO2 NMs.

87

88
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90 Table S1 Zeta potential and hydrodynamic diameter of CeO2 NMs in deionized water.

91

92
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93 Table S2 Primer sets list for this study

94

95
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96 Table S3 Differentially expressed metabolites of cucumber leaves in CK and upon 

97 CeO2 NMs

98

99
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101 Table S4 Differentially expressed metabolites of cucumber soil in CK and upon CeO2 

102 NMs
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104 Table S5 Differentially expressed metabolites of cucumber flower in CK and upon 

105 CeO2 NMs
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