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Fluorescence parameters for drought stress diagnosis in detached

leaves of ten tree species
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Abstract: The response to drought stress for fluorescence parameters from detached leaves of 10 tree
species used for vegetative restoration in hot, dry valleys was undertaken. Results showed that: 1) Jatropha
curcas and Azadirachta indica leaves had the highest water holding capacity followed by Acacia
auriculiformis and three Eucalyptus species (E. camaldolensia, E. citriodora and E. globulue), then
followed by Cajanus cajan, Albizia kalkor and Leucaena glauca with Acacia glauca having the lowest. 2)
Differences in water-loss rate (WLR) for the fluorescence parameter F, were divided into two types:
initiative and passive resistance types. The initiative resistance type had a higher leaf water holding capacity
than the other type, meaning the tree species with high leaf water holding capacity had a greater capacity to
avoid harm from drought-stress by starting a heat dissipation mechanism to protect photosynthetic organs and
by delaying the reversible vitality loss which occurred with water stress. 3) Fluorescence parameters F,, and
F, either decreased as WLR increased; F,/F, and F,,/F,. had a predominantly linear decrease. For each
species the decrease in F,/F, and F,,/F,, had a sharp downward dip, which could be the key point where

the PS  reaction centre lost its vitality. 4) F,,/F,. could be more sensitive to damage of the PS  reaction
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centre than F,/F,; however, both parameters showed a significantly quantitative relationship to the leaf
WLR. Thus, F,/F, and F,,/F,, offered a possible diagnostic index for a plant’s leaf water status. [Ch, 4
fig. 2 tab. 17 ref.]

Key words: forest biology; water siress; chlorophyll fluorescence parameters; quantitative analysis; hot-

dry valleys

[1-2]

’ 3 o
’ , ’ o ’ ’
° ) 10
1
1.1
2006 4 10
, 2007 6 —_— Azadirachta indica,
Albizia kalkora, Leucaena glauca, Acacia glauca Cajanus
cajan Eucalyptus camaldolensia, Eucalyptus citriodora Acacia auriculiformis ,
Jatropha curcas Fucalyptus globulue , 3d,
) 0 [15],
1.2
30ecm 6~ 12 , , )
, 4 , 320 pmol *m2-s7,
0, 2, 4, 6, 8, 10, 12, 24, 26, 28, 30, 32, 34, 36, 48, 50, 52, 54, 56, 58, 60 h ,
0.000 1 g , M(g), Oh
M(g), 3 , OS1-FL
(K, IF, Yield ) 161 F,/F,
F,, F., F, PS F,IF,, F./F,
PS F. /F?, 8 min ; Yield
F., F. PS FolF o (F, = F.-F,), o
° , WMK-02
) M, (g),
Crw (%) Ry (%) s : Rwe =(M, = My)/(M; = My), Rwi.= (M.-M,)
(M, = My) . , o , 05h
0.000 1 g , WP4 , 7
2
21 10



27 4 531
1 , 10 ° 2h
20% . 15% ~ 20%), .
. 12h , 10 <
< < < < < <
5 50% , 50% , o ,
; 24h 12 h
8 , , 3 ,
3 3 0
2.2
2 ; ,
o 1 10
o 1 , ,
2 , (P<<0.01), 0968 1
9 0.990 0 o
o s N N N
8 S
1 10
Table 1  Change of water losing rate with water losing timeabout body-leaved leaves of ten species of seedlings
1%
/h
2 8.61 11.38 14.82 17.16 1583  12.66 18.01 12.93 20.70 29.28
4 12.44 16.72 20.35 22.86 2476 16.75 37.68 26.34 21.30 41.95
6 14.34 21.68 26.55 27.78 3124 20.54 48.03 37.31 43.42 53.45
8 18.81 27.30 34.24 32.30 4037  27.15 66.28 54.57 55.08 66.52
10 23.53 33.32 40.56 37.86 4789  29.75 80.42 68.79 67.33 75.78
12 25.59 37.32 46.92 41.24 56.30  34.00 90.45 77.53 72.84 82.42
24 44.00 60.76 75.31 61.21 82.80  50.59 96.45 93.17 91.63 91.16
26 47.10 66.19 79.53 64.99 84.68  54.55 99.77 95.40 93.38 9291
28 50.19 68.82 83.86 69.31 89.35  56.04 100.00 96.69 96.48 93.48
30 55.09 72.86 86.98 72.14 90.74  66.80
32 60.00 78.94 90.70 76.58 92.15  63.73
34 63.98 80.45 92.95 79.41 9436  65.55
36 66.68 82.22 92.97 81.41 9262  66.24
48 83.93 89.95 97.25 90.99 9592 7733
50 87.85 91.31 98.40 92.73 96.44  79.85
52 88.10 92.12 98.32 93.00 96.76  80.59
54 89.47 92.64 98.42 93.70 97.38  81.97
56 91.16 93.88 98.60 95.00 95.08  82.72
58 91.68 94.40 99.07 97.07 100.06
60 91.96 94.26 99.57 95.83 98.55
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Figure 1 Relationship between relative water content and leaf potential of ten species of seedlings
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Figure 2 Dynamic change of fluorescence parameter F, with water losing rate about body-leaved leaves of ten species of seedlings
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Figure 3 Dynamic change of fluorescence parameter F,,, F,, F, with water losing rate about body-leaved leaves of ten species of seedlings
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Figure 4 Dynamic change of fluorescence parameter F,/F,,, F,./F,, with water losing rate about body-leaved leaves of ten species of seedlings
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Table 2 Mathematical model of fluorescence parameters F,/F,,, F,,/F, and water losing rate

about body-leaved leaves of ten species of seedlings

R? R?
F./F, y=-1E - 04x* + 0.003 7x + 0.764 9 0.884 4 F./F, y=-0.000 2x*+ 0.005 5x + 0.701 5 0.948 3
F./F, y=-4E - 05x’ - 0.003 8 + 0.840 8 0.876 4 Fu/F. y=-0.000 15>+ 0.001 45 + 0.722 5 0.921 1
F./F,  y=2E - 05 -0.0120 Ox + 0.928 9 0.941 9 F./F, y=-9E - 05"+ 0.001 8 + 0.776 3 0.992 5
Fol/F,. y=5E-05"-0.0147x+ 09386  0.959 1 Fo/F, y=-6E - 05 0.001 5x + 0.762 2 0.969 1
F./F, y=-0.000 1x* + 0.006 8 + 0.749 3 0.961 9 FJF, y=-8E - 05x*+ 0.000 3x + 0.796 9 0.994 9
Fo/F,. y=-0.000 1x* + 0.002 3x + 0.794 3 0.983 6 Fo./F,. y=-5E-05-0.003 7x + 0.8253 0.984 2
F./F,  y=-0.000 1’ + 0.005 0x + 0.757 7 0.957 0 F./F, y=-7TE - 05" -0.002 0x + 0.833 8 0.958 5
F./F,. y=-9E - 05~ 0.0003x + 0.825 5 0.969 7 Fo./F. y=-2E-05-0.007 2x + 0.858 5 0.956 2
F./F, y=-5E-05*-0.004 5x + 0.880 9 0.954 1 F./F, y=-7E-05-0.002 1x + 0.805 0 0.964 3
FolF, y=-2E-05%-0.007 3x + 0.877 3 0.972 5 FolF,. y=-4E - 05x* - 0.005 2x + 0.839 8 0.937 0
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