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Comprehensive evaluation on photosynthetic and fluorescence characteristics in

seedlings of 4 drought resistance species
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1 College of Forestry, South China Agricultural University, Guangzhou 510642, China
2 Shenzhen Tech and Ecology & Environment CO. ,LTD. Shenzhen ,Guangdong 518040, China

Abstract; With global climate change, environmental stresses will become the most important issue for plant growth. Among
these environmental factors, drought is the most important factor that limits photosynthesis and growth. As a result, an
advancement in the current understanding of the responses of plants to drought stress has became a major target for research.
Drought limits stomatal conductance, mesophyll conductance and photosynthetic metabolism, and the possibility of
overexcitation of photosystem Il increases, and this reduces the photosynthetic rate and lead to an increase in the dissipation
of absorbed energy through nonradiative processes. Therefore, photosynthesis and chlorophyll fluorescence can greatly help
the differentiation of plants and the physiological understanding of the process under drought conditions. It has been
proposed that the choice of a photosynthesis and chlorophyll fluorescence parameters as an indicator of plant performance
under drought stress, in order to provide a technique for rapidly screening plants with different drought tolerances. The

Thunbergia erecta, Tephrosia candida, Duranta repens and Pueraria lobata are common plant species used for mine
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vegetation restoration. A test of potting methods with water control was applied to study the photosynthetic and fluorescence
characteristics of the seedlings of four plant species for mine vegetation restoration. The results were as follows: (1) The
parameters of net photosynthetic rate (P,), stomatal conductance (G, ), transpiration rate (T,) and intercellular carbon
dioxide concentration( C,) of the four species decreased gradually with increasing drought time. After 8 days of rehydration,
the P, of the four seedling types greatly increased. The G_and T, of T. erecta and T. candida, and the C; of T. candida and
P. lobata returned to the controls level after rehydration with 8 days. The value of stomatal limits (L_) of D. repens increased
gradually with drought time, whereas that of other seedling types slightly decreased followed by an increase, and the L_ of
the four seedling types returned to the controls level after 8 days of rehydration. (2) The chlorophyll fluorescence parameters
of the excitation capture efficiency of PSI (F,'/F_ '), photochemical quantum yield of PSII in the light ( Yield) and
apparent electron transport rate (ETR) of the four seedling types continuously decreased and significantly lower than the
controls at 8th days after drought stress. After 8 days of rehydration, the F,'/F ' of the four seedling types waved slightly,
their Yield and ETR recovered to some extent, but the Yield of P. lobata and the ETR of T. candida returned to the controls
level. The non-photochemical quenching (NPQ) of the four seedling types continuously increased and it significantly greater
than the control after 8 days of drought stress. The NPQ of P. lobata returned to the controls level, whereas that of the other
seedling types decreased continuously after 8 days of rehydration. (4) The photosynthetic characteristics and chlorophyll
fluorescence parameter of the four seedling types were evaluated with principal component analysis, indicating that the order

of drought resistance of the four seedling types was T. candida > T. erecta > D. repens > P. lobata.

Key Words: seedlings; drought resistance; photosynthetic characteristics; chlorophyll fluorescence parameter; principal

component analysis
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Table 1 General situation of the experimental seedlings ( mean=SD)

Rl Tree species 142 Ground diameter/cm 755/ cmSeedling height LW Crown width/cm
EHEYE Thunbergia erecta 0.74+0.18 32.08+8.78 15.9+5.47
W, Tephrosia candida 0.34+0.10 45.04+15.88 16.88+7.80
B Duranta repens 0.50+0.16 27.41+6.41 17.98+3.92
B (BEA) Pueraria lobata 0.570.11 — —

2011 4F 8 H RH B T2 WHa 77755 4 Mk ge2h it x i B (0 d) 4.8 d MEIKJGH 4 F18 K 5 Fhix
IKALER | A AFR A AL FEAT 6 MRANTE FH T4 TG Mo EFebr il e . TR Wha e 4 Fpahis 7= 8 n
HEgK AL AR 2,

%2 FEPOHENHESKETL

Table 2  Change of soil water during drought stress
FHEE KT Soil water/ %

FF Tree species

0 d(XfIR) 4d 8d 12d 16 d
EHGYE Thunbergia erecta 39.26 27.67 9.78 2K 2K
=B Tephrosia candida 39.26 28.18 17.61 5K K
83458 Duranta repens 39.26 20.20 6.75 "k K
B E(HEA) Pueraria lobata 39.26 15.48 9.70 2K Bk

1.2 JEHEFZOESH &

K H L1-6400 { #5644 (LI-COR, USA) 5% 2l i it B #6638 1000 pwmol - m™ s T (3§ 6 A R
(P) SALFE(G,) FEBBHER(T,) FEN CO, MR (C,) , IHITBERARGIE (L =1- c/C,,XH ¢, KA
W CO, M) o ISE I fdE P TR, 25 B3N 0.5 L/min, MR 25 °C, FHAREE 60% , 48 7L CO, M (C,)
4360 wmol/mol . I FH & TR 4R 14 55 3—8 A Y 5 A A 2R A7 4 PR 1, 00 5 BsF 1) R 5654 FH L
BIEERAY 9:00—11.00, Bt Rid 5% 5 AME, BOFHIE.,

K AWK op IR ZESGAL OS-1P T HIDEGA & SR T 90BN T4 280, F 4 ML 7E N B AR 1) S5 1 ik
AFERE S 20 min J&7 , R EAEA 22 VO (NPQ ) A2 5 8 R U S B 0] 28 2 min, BRI 5 IREE &,
D5 [ — kR AR RO W e RPEE (F ) D6 F /NG (F) N IRREIE(F,) BT (F,) AEeik#
WR(NPQ= F, /F,'=1) 5 PSIDOGRER SRR (F,/F, = (F,' - F')/ F,") SEboefss i 7208 (Yield
=(F,'-F) /F ') FWHETEHEER(ETR= YieldxPARX0.84x0.5, PAR W GEH SimE) .
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SRR FEE T A8 A B 4 FhA OB E AR (P, ) 2RI B, b Mg mE ok ki PTET
a4 d F1 8 d i E/NFX IR (P<0.05) , INEE 8 d B E/NFXTIR(P<0.05) (K 1), &1 AR %3
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Fig.1 The change of net photosynthetic rate of the four seedling types under drought stress
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Fig.2 The change of stomatal conductance of the four seedling types under drought stress
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8 1 HMBWE T erecta WEE T candida {B3E3 D. repens BHE P. lobata
EE
S 5 a
g.8
SE
a4
d- A
=
0 L L L L L L L L L L L L L L L L L L L L L L J
0 4 8 R4 RS 0 4 8 R4 R8 0 4 8 R4 R8 0 4 8 R4 RS
I5f 1] Time/d
E3 FRHET4MYHEHREBERHTN
Fig.3 The change of Leaf transpiration rate of the four seedling types under drought stress
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Fig.4 The change of intercellular CO, concentration of the four seedling types under drought stress
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Fig.5 The change of stomatal limitation value of the four seedling types under drought stress

2.2 T REE X B EFERR R
221 FEEHAXTZIE PS 0 GAEH IR BCR A0

$§:Hﬁ\iﬁ_ﬁiﬁﬁﬁrﬁl 4 Fgfigirt Jo i PS THOGR %ﬁ%’*&i%@ '/F,") BRI 2 /N T X B (P<0.05)
(El6), 7L 4 d M8 d BARMIMG, BRI EBEL M0 F,'/F, (RRFRE B RIAE 5 T (R4
FZ/NTRR(P<0.05) , INEEAE 4 d A1 8 d B /KALH K & 2% BEKSF
222 TREBHARAE R PS T SLEREAL TR0

TS pia A FEEA ] 4 FRAE R PS SEFRRG T RCR (Yield) B3 /N F XTI (P<0.05) , I 725 8 K%
B/ME(E 7). LT 4 d F1 8 d /KPR, EMSWE 1L E B ABGEEAN T 1Y Yield 3340 (P<0.05) ,{H

http ; //www.ecologica.cn



24 11

PR AT RMNATE 4 i YA DS TORHELE G P

7871
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The excitation capture efficiency

Fig.6 The change of the excitation capture efficiency of PS II of the four seedling types under drought stress
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The change of active quantum efficiency of PSII of the four seedling types under drought stress
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Fig.8 The change of electron transport rate of the four seedling types under drought stress
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Fig.9 The change of non-photochemical quenching of the four seedling types under drought stress
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Table 3 Comprehensive assessment values and orders of drought resistance of the four seedling types

Bl Tree species hes &N 3% I

P Tephrosia candida Thunbergia erecta Duranta repens Pueraria lobata
134 Score 2.66 2.02 1.59 1.51
HEF Order 1 2 3 4

3 Fit5itie

4 FEYILE T R PE T BRI MDA R REBR a8 s P, .G\ T, .C RIS F,'/
F,' Yield [ETR BB 50 i (] 59 SE R R [, S WI7e TS T 2 k28 7o, ps 1Y 5wt g
AR AE TR VEREAR b5 i 71208 SO B IR 1 s2 B, B R AL 3z 56 A HLPD A AR 2R B (ELIR] I 5
a1 NPQ 34K, AT DU A FAFE BB A DG RE AR, X S LR — & R E L. 5350, 0 1 6,
1 C IR TR L B3I, BRG] 7 A5 CO il ALIE AR IR B, S BOGS HA T e, R 58 T 4
Y P, N2 A LR 5
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