












Table 6 
Means of leaf gas exchange and chlorophyll fluorescence parameters of Bambara groundnut accessions under non-stress condition.

Leaf gas exchange parameters Chlorophyll fluorescence parameters

Accessions gs T A Ci A/Ci Ci/Ca WUEi WUEinst Fo’ Fm’ Fv/Fm ΦPSII qP qN ETR ETR/A AES

Acc 25 0.24 4.17 9.67 281.17 1.20a 1.87a 4.00a 35.17 151.17 651.17 1.97a 1.87a 1.97a 1.37a 299.17a 36.23 4.00a

Acc 55 0.22 3.08 6.48 260.28 0.31 0.93 2.50 31.28 140.28 620.28 1.06 0.93 1.03 0.53ab 276.28 44.80 2.50
Acc 61 0.25 3.49 8.59 270.59 0.62ab 1.26ab 3.35ab 35.37 145.59 630.59 1.38ab 1.27ab 1.36ab 0.82ab 289.59 36.72 3.35ab

Acc 78 0.19 3.04 6.94 250.44 0.46ab 1.06ab 2.94 36.55 135.44 610.44 1.22ab 1.07ab 1.16ab 0.72ab 268.44 41.67 2.94
Acc 82 0.26 3.55 9.35 290.35 0.38ab 1.08ab 3.16abc 34.97 155.35 660.35 1.16ab 1.07ab 1.16ab 0.54ab 306.35 34.35 3.16ab

Acc 87 0.34a 4.39 10.39 310.39a 0.42ab 1.17ab 2.89 31.64 160.39a 680.39a 1.21ab 1.14ab 1.24ab 0.54ab 319.39 32.29 2.89
Acc 95 0.10 1.94 3.24 220.44 0.46ab 0.99 2.31 35.44 120.44 580.44 1.20ab 0.89 1.04 0.84ab 191.44 68.65a 2.31
Acc 96 0.09 3.32 8.02 275.52 0.55ab 1.21ab 3.20ab 34.61 148.52 640.52 1.31ab 1.20ab 1.30ab 0.74ab 289.52 39.05 3.20ab

Acc 97 0.10 2.22 5.22 240.22 0.24 0.82 2.72 33.55 130.22 600.22 1.00 0.82 0.92 0.52ab 255.22 51.22 2.72
Acc 100 0.32ab 3.77 9.77 300.27 0.30 1.02ab 2.98 31.93 158.27 670.27 1.08 1.00ab 1.09 0.45 311.27 33.01 2.98
Acc 105 0.29 3.48 8.68 265.38 0.41ab 1.04ab 3.05 30.02 152.38 650.38 1.18ab 1.09ab 1.18ab 0.58ab 302.38 36.77 3.05
Acc 117 0.27 3.31 8.31 280.31 0.34ab 1.01ab 2.97 31.08 150.31 640.31 1.11ab 1.01ab 1.10ab 0.52ab 298.31 37.56 2.97
Acc 121 0.25 3.07 7.67 260.27 0.30 0.92 2.91 29.87 148.27 630.27 1.06 0.95 1.05 0.49 289.27 39.32 2.91
Acc 131 0.26 3.49 8.59 275.39 0.42ab 1.07ab 3.03 37.66 150.39 640.39 1.18ab 1.08ab 1.16ab 0.62ab 293.39 36.12 3.03
Acc 150 0.23 3.32 7.52 250.32 0.35ab 0.95 2.72 34.61 145.32 630.32 1.10ab 0.98 1.08 0.56ab 281.32 39.35 2.72
Acc 151 0.30abc 3.92 9.62 285.32 0.35ab 1.03ab 2.90 31.32 155.32 660.32 1.13ab 1.06ab 1.15ab 0.49 314.32 34.08 2.90
Acc 175 0.24 3.12 7.02 265.32 0.35ab 0.98 2.71 30.78 140.32 620.32 1.10ab 0.94 1.06 0.58ab 264.32 39.72 2.71
Acc 177 0.17 25.82 15.82 250.82 0.88ab 1.44ab 1.42 100.82 140.82 610.82 1.60ab 1.40ab 1.47ab 1.17ab 247.82 17.29 1.42
Acc 179 0.14 23.42 12.42 200.42 0.48ab 0.92 0.94 100.42 135.42 600.42 1.18ab 0.97 1.04 0.80ab 234.42 19.92 0.94
Acc 184 0.25 27.53 20.53 260.53 0.61ab 1.18ab 1.27 80.53 145.53 630.53 1.31ab 1.13ab 1.25ab 0.81ab 255.53 13.28 1.27
Acc 190 0.30abc 28.33 21.33 290.33 0.41ab 1.06ab 1.08 70.33 150.33 650.33 1.12ab 0.95 1.06 0.60ab 264.33 12.90 1.08
Acc 197 0.11 26.37 18.37 220.37 0.46ab 0.92 1.07 180.37a 140.37 600.37 1.14ab 0.93 1.00 0.74ab 238.37 13.59 1.07
Acc 199 0.24 29.34 22.34 270.34 0.42ab 1.02ab 1.10 100.34 150.34 640.34 1.12ab 0.93 1.04 0.64ab 251.34 11.75 1.10
Acc 200 0.19 30.50a 23.50a 280.50 0.58ab 1.20ab 1.26 128.27 148.50 630.50 1.27ab 1.08ab 1.18ab 0.82ab 247.50 11.24 1.26
LSD 0.05 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872 0.872
CV % 34.09 107.13 51.03 9.66 102.81 44.55 40.35 70.84 6.22 3.79 39.55 45.16 41.32 71.02 42.68 42.68 40.35
p value <.001 <.001 <.001 <.001 0.979 0.969 <.001 <.001 <.001 <.001 0.983 0.972 0.975 0.959 <.001 <.001 <.001

Different upper-case letters within a column indicate significant difference among accessions. gs; (mmol m− 2 s− 1), T; transpiration rate (mmol H2O m− 2 s− 1), A; (μmol CO2 m− 2 s− 1), A/Ci; (μmol. mol m− 1), Ci; (μmol. 
mol m− 1), WUEi; [(μmol (CO2) m− 2]; WUEinst, (μmol. mol− 1), Fv/Fm; (ratio); ФPSII, the effective quantum efficiency of PSII photochemistry; qP, photochemical quenching; qN, non-photochemical quenching; ETR, 
(μmol e− 1 m− 2 s− 1); ETR/A, (μmol e μmol− 1 CO2); AES, alternative electron sinks.

S. Kunene et al.                                                                                                                                                                                                                                 
South African Journal of Botany 184 (2025) 880–894 

886 



Table 7 
Means of leaf gas exchange and chlorophyll fluorescence parameters of Bambara groundnut accessions under drought-stress condition.

Leaf gas exchange parameters Chlorophyll fluorescence parameters

Accessions gs T A Ci A/Ci Ci/Ca WUEi WUEinst Fo’ Fm’ Fv/Fm ΦPSII qP qN ETR ETR/A AES

Acc 25 0.13 3.00 5.50 243.33ab 0.017 0.65 2.11 38.31 138.33a 448.33abc 0.776 0.539 0.65 0.346 193.33ab 33.18 2.11
Acc 55 0.09 2.79 3.79 226.67 0.012 0.61 1.58 32.99 131.67a 431.67 0.763 0.510 0.62 0.363 166.67 35.35 1.58
Acc 61 0.10 2.89 5.19 221.67 0.015 0.61 1.78 43.26 124.67a 429.33 0.768 0.518 0.63 0.348 169.67abc 26.75 1.78
Acc 78 0.06 2.57 4.17 184.67 0.019 0.55 1.59 44.64 99.67a 396.33 0.735 0.495 0.57 0.375 128.67 24.76 1.59
Acc 82 0.12 3.18 6.18 235.33ab 0.011 0.66 2.29 39.61 125.33a 438.67 0.773 0.550 0.65 0.313 185.33ab 23.48 2.29
Acc 87 0.15ab 3.99 6.99 259a 0.015 0.72a 2.18 38.74 134.00a 464a 0.791a 0.570a 0.671a 0.311 199a 23.86 2.18
Acc 95 0.05 1.50 1.80 169.00 0.011 0.50 1.20 30.67 104.00a 394.00 0.742 0.445 0.55 0.452a 119.00 67.66a 1.20
Acc 96 0.11 2.80 4.80 226.33 0.020 0.63 1.71 35.97 131.33a 428.00 0.770 0.511 0.62 0.380 171.33abc 21.96 1.71
Acc 97 0.08 2.00 3.00 188.33 0.011 0.55 1.36 32.16 108.33a 401.67 0.747 0.503 0.58 0.417 128.33 41.00 1.36
Acc 100 0.15ab 3.50 6.50 252.67ab 0.020 0.70 2.32a 41.66 132.67a 452.67ab 0.787abc 0.554 0.66 0.337 187.67ab 20.08 2.32a

Acc 105 0.14 3.10 5.80 224.00 0.022 0.62 2.32a 38.43 129.00a 439.00 0.778 0.548 0.65 0.348 174abc 25.81 2.32a

Acc 117 0.13 3.00 5.50 236ab 0.018 0.65 2.11 37.97 131.00a 441.00 0.777 0.543 0.65 0.347 171abc 23.12 2.11
Acc 121 0.12 2.80 4.80 224.00 0.017 0.61 1.96 37.66 132.00a 436.67 0.767 0.538 0.64 0.357 169abc 24.25 1.96
Acc 131 0.11 3.10 5.20 228.00 0.019 0.64 2.03 42.94 128.00a 438.00 0.779 0.535 0.64 0.359 168abc 33.17 2.03
Acc 150 0.10 3.00 4.50 209.33 0.020 0.59 1.91 40.33 124.33a 424.33 0.771 0.536 0.63 0.371 154.33 33.50 1.91
Acc 151 0.15ab 3.60 6.80 239.33ab 0.024 0.69 2.27 38.66 124.33a 444.33abc 0.789ab 0.569ab 0.669ab 0.329 182.33ab 22.73 2.27
Acc 175 0.11 2.80 4.50 224.00 0.016 0.62 1.80 36.24 122.00a 423.33 0.758 0.498 0.61 0.388 152.00 29.23 1.80
Acc 177 0.07 25.00 8.00 211.00 0.032 0.61 1.14 111.29 111.00a 407.67 0.759 0.468 0.58 0.419 156.00 15.42 1.14
Acc 179 0.06 23.00 6.50 165.67 0.033 0.49 1.08 105.33 110.67a 397.33 0.740 0.473 0.55 0.450a 150.67 21.69 1.08
Acc 184 0.13 27.00 11.00 222.00 0.041ab 0.62 1.40 82.28 122.00a 428.67 0.767 0.520 0.63 0.367 182.00ab 15.09 1.40
Acc 190 0.16a 28.00 12a 250ab 0.0406abc 0.70 1.50 72.33 125.00a 435.00 0.778 0.512 0.64 0.358 190ab 14.33 1.50
Acc 197 0.06 26.00 9.50 166.67 0.043a 0.52 1.58 153.33a 96.67a 396.67 0.758 0.484 0.58 0.418 146.67 14.67 1.58
Acc 199 0.11 29.00 11.00 217.00 0.042ab 0.66 1.55 97.33 102.00a 408.67 0.770 0.496 0.60 0.400 162.00 13.76 1.55
Acc 200 0.09 30a 11.50 245ab 0.039abc 0.67 1.61 123.11 123.00a 424.33 0.767 0.580 0.59 0.407 183.00ab 14.76 1.61
LSD 0.014 0.014 0.014 48.586 0.009 0.014 0.014 7.586 48.586 48.586 0.014 0.014 0.014 0.014 48.586 15.754 0.014
CV % 29.89 111.45 42.12 16.38 50.8 9.8 21.46 59.12 22.3 5.86 2.12 7.82 5.81 10.38 19.28 53.81 21.46
p value <.001 <.001 <.001 0.004 <.001 <.001 <.001 <.001 0.966 0.024 <.001 <.001 <.001 <.001 0.105812 <.001 <.001

Different upper-case letters within a column indicate significant difference among accessions. gs; (mmol m− 2 s− 1), T; transpiration rate (mmol H2O m− 2 s− 1), A; (μmol CO2 m− 2 s− 1), A/Ci; (μmol. mol m− 1), Ci; (μmol. 
mol m− 1), WUEi; [(μmol (CO2) m− 2]; WUEinst, (μmol. mol− 1), Fv/Fm; (ratio); ФPSII, the effective quantum efficiency of PSII photochemistry; qP, photochemical quenching; qN, non-photochemical quenching; ETR, 
(μmol e− 1 m− 2 s− 1); ETR/A, (μmol e μmol− 1 CO2); AES, alternative electron sinks.
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