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Table 1. Relative quantification of metabolites for rice shoots under well-watered and water-deficit conditions during three growth stages. 

 

 

Metabolites 

 Tillering stage  Heading stage  Ripening stage 

P-

value 

Well-

watered 

Water-

deficit 

P-

value 

Well-

watered 

Water-deficit P-

value 

Well-

watered 

Water-

deficit 

Amino acids          

Alanine ns 0.170.04 0.190.03 *** 0.100.02
a
 0.140.02

b
 ns 0.090.01 0.090.01 

Asparagine ns 0.040.04 0.040.02 ** 0.020.01
a
 0.040.02

b
 ns 0.060.06 0.040.05 

Aspartic acid * 0.400.20
a
 0.590.23

b
 ns 0.250.07 0.300.15 ns 0.550.19 0.490.24 

Glutamic acid ns 0.220.09 0.280.13 * 0.110.02
a
 0.130.03

b
 ns 0.120.04 0.100.06 

Glutamine *** 0.100.08
a
 0.290.19

b
 ** 0.040.03

a
 0.090.04

b
 ns 0.100.10 0.120.13 

Glycine ns 0.140.04 0.170.07 *** 0.040.01
a
 0.070.02

b
 ns 0.070.03 0.070.04 

Isoleucine ns 0.190.06 0.170.04 *** 0.210.06
a
 0.290.05

b
 ns 0.290.13 0.290.15 

Leucine ns 0.250.07 0.220.08 *** 0.210.06
a
 0.300.06

b
 ns 0.270.11 0.260.15 

Lysine ns 0.030.01 0.040.02 *** 0.020.01
a
 0.040.01

b
 ns 0.050.03 0.050.03 



N-carboxy-glycine * 0.720.27
b
 0.550.14

a
 ns 0.720.20 0.850.20 ns 0.770.21 0.920.23 

Norvaline *** 0.090.03
a
 0.200.06

b
 *** 0.020.01

a
 0.040.02

b
 ns 0.010.01 0.010.01 

Phenylalanine ns 0.140.04 0.120.04 *** 0.070.02
a
 0.100.01

b
 ns 0.080.03 0.080.04 

Pyroglutamic acid ns 2.241.32 2.841.21 *** 0.610.16
a
 1.240.33

b
 ns 1.260.41 1.360.42 

Serine * 0.470.20
a
 0.600.18

b
 *** 0.220.06

a
 0.300.06

b
 ns 0.340.12 0.330.15 

Valine ns 0.520.13 0.510.10 *** 0.410.10
a
 0.600.08

b
 ns 0.520.19 0.510.24 

γ-aminobutyric 

acid 

ns 3.900.95 4.513.10 *** 0.590.58
a
 1.520.75

b
 ns 0.890.42 0.950.62 

Sugars          

Fructose ns 31.010.1 38.719.1 *** 12.87.0
a
 23.67.8

b
 ns 23.411.6 22.616.6 

Glucose ns 19.16.4 24.113.4 *** 6.504.41
a
 12.24.7

b
 ns 12.87.1 12.510.6 

Lactose ns 0.090.03 0.100.03 *** 0.050.01
a
 0.070.02

b
 ns 0.040.02 0.040.02 

Maltose ns 1.240.61 1.051.05 ns 0.180.27 0.210.25 ns 0.230.14 0.180.16 

Raffinose *** 0.200.05
a
 0.370.16

b
 ** 0.060.04

a
 0.100.03

b
 * 0.060.02

b
 0.050.02

a
 

Sucrose *** 6.531.84
a
 9.982.67

b
 ** 17.82.2

a
 21.23.6

b
 ns 25.13.5 24.26.2 

Trehalose *** 0.170.02
a
 0.220.03

b
 *** 0.270.04

a
 0.430.12

b
 ns 0.490.07 0.430.10 

Sugar alcohols          

Glycerol ns 1.270.36 1.130.73 * 0.240.09
a
 0.440.41

a
 ns 0.400.12 0.420.20 

Inositol *** 1.750.20
a
 2.250.34

b
 *** 0.860.15

a
 1.230.26

b
 ns 0.870.18 0.910.23 

Mannitol ns 0.030.03 0.030.01 ns 0.040.02 0.060.05 ns 0.090.06 0.120.10 



Organic acids          

Citric acid ns 0.0120.002 0.0140.004 ns 0.050.01 0.050.01 ns 0.090.03 0.080.03 

Fumaric acid ns 0.090.04 0.110.06 * 0.020.01
a
 0.030.01

b
 ns 0.030.01 0.030.01 

Glyceric acid ns 0.540.12 0.610.29 *** 0.090.03
a
 0.130.03

b
 ns 0.070.02 0.070.03 

Glycolic acid ns 0.130.02 0.130.02 *** 0.030.01
a
 0.050.01

b
 ns 0.040.01 0.040.01 

Isocitric acid ns 0.0050.003 0.0040.003 ns 0.060.02 0.070.04 ns 0.070.04 0.070.03 

Lactic acid ns 0.150.04 0.260.38 ns 0.040.02 0.070.05 ns 0.080.04 0.100.04 

Malic acid ns 1.060.36 1.020.26 ns 0.850.22 1.000.32 ns 1.640.45 1.760.50 

Malonic acid * 0.130.05
b
 0.100.02

a
 ns 0.030.01 0.040.01 ns 0.040.01 0.030.01 

Oxalic acid ns 0.910.21 1.020.20 *** 0.080.02
a
 0.110.04

b
 ns 0.030.01 0.030.01 

Salicylic acid ns 0.230.05 0.260.05 *** 0.060.02
a
 0.100.02

b
 ns 0.040.01 0.040.01 

Shikimic acid ** 2.410.62
a
 3.140.80

b
 ** 0.180.07

a
 0.240.06

b
 ns 0.060.01 0.050.01 

Succinic acid ns 1.160.46 1.110.23 * 0.310.11
a
 0.400.11

b
 ns 0.450.10 0.410.12 

Threonic acid ns 0.400.16 0.420.11 *** 0.090.02
a
 0.160.05

b
 ns 0.160.03 0.160.06 

Quinic acid ns 1.770.50 2.070.62 ** 0.060.03
a
 0.090.02

b
 ns 0.020.00 0.020.01 

Fatty acids          

Hexadecanoic 

acid 

ns 0.100.03 0.100.07 ns 0.040.01 0.040.01 ns 0.060.02 0.050.01 

Octadecanoic acid ns 0.050.01 0.040.01 * 0.0190.003
a
 0.0220.004

b
 * 0.030.01

b
 0.020.01

a
 

Steroids          



Campesterol ns 0.020.02 0.010.01 ns 0.0040.004 0.0050.007 ns 0.010.01 0.010.01 

Stigmasterol ns 0.040.04 0.020.02 ns 0.020.01 0.010.01 ns 0.010.01 0.010.01 

β-sitosterol ns 0.040.04 0.020.02 ns 0.020.01 0.020.01 ns 0.020.02 0.030.02 

Others          

Adenosine ns 0.120.06 0.130.11 * 0.0040.007
a
 0.0090.005

b
 ns 0.010.01 0.010.01 

Uridine ns 0.050.03 0.060.05 ns 0.0040.004 0.0060.005 ns 0.010.01 0.010.01 

Aminoethanol ns 0.380.08 0.340.14 *** 0.380.10
a
 0.640.12

b
 ns 0.280.19 0.230.21 

Phosphate * 3.761.27
b
 2.781.06

a
 ns 0.800.41 1.100.53 ns 1.100.06 0.800.59 

Relative content calculated based on peak area ratio of analyte to internal standard. Values are means (n=18)  standard deviations. P-values were 

obtained from one-way ANOVA (ns, not significant; *, P <0.05; **, P <0.01; ***, P <0.001). Within a row, values followed by the same letter are not 

significantly different (Tukey’s HSD test, P <0.05). 


