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Effects of low temperature stress on physiological-biochemical indexes and

photosynthetic characteristics of seedlings of four plant species

SHAO Yiruo', XU Jianxin" >, XUE Li""* , ZHANG Rou', WU Caigiong’, LU Guangchao'
1 College of Forestry, South China Agricultural University, Guangzhou 510642, China
2 Shenzhen Tech and Ecology & Environment CO. ,LTD. Shenzhen ,Guangdong 518040, China

Abstract: Low temperature stress is one of the major environmental factors affecting the process of physiology and
photosynthesis of plants, which is known to cause many physiological and biochemical changes in plant metabolism such as
protein denaturation, lipid liquefaction, the increased activity of antioxidant enzymes or perturbation of membrane integrity.
Also low temperature decreases capacity and efficiency of photosynthesis. Therefore, the above physiological and
biochemical indexes and photosynthetic characteristics are often used as an indicator of stress injury in plants. In response
to low temperature stress, plants naturally have developed diverse mechanisms which can mitigate the effect of stress and
lead to the adjustment of plant tolerance. Effects of low temperature stress on physiological-biochemical indexes and
photosynthetic characteristics were studied in the seedlings of Rhus chinensis, Duranta repens, Thunbergia erecta and
Pueraria lobata. Results showed that (1) with increasing time of low temperature, the chlorophyll content of D. repens

seedlings increased initially and then decreased, whereas that of the other three seedling types continuously decreased, and
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it rebounded significantly after removal of low—temperature stress for the four seedling types. The free proline content of the
four seedling types gradually increased or fluctuated; the soluble protein content of P. lobata seedlings increased followed
by an decrease, whereas the other three seedling types continuously increased, and that of the seedling types except for P.
lobata rebounded significantly after low-temperature stress relieving; the contents of soluble sugar and MDA of the four
seedling types tended to increase, their SOD activity continuously rose or rose initially and then fell, and SOD activity of the
seedling types except for R. chinensis declined significantly after low—temperature stress relieving. (2) With increasing low
temperature time, the net photosynthetic rate (P, ), stomatal conductance ( G,) and transpiration rate (7,) continuously
decreased for the four seedling types, and the intercellular CO, concentration ( C,) of D. repens continuously increased,
whereas that of the other seedling types decreased followed by an increase. The P, G, and T, of the four seedling types
increased to some extent, whereas their C. decreased to some extent after low-temperature stress relieving. Increase in
contents of free proline, soluble protein and soluble protein and increase or stead in SOD activity for the four seedling types
alleviated degree of membrane lipid peroxidation of seedling cells and protected cell membrane, which is important
regulatory mechanism of seedlings to low temperature stress. (3) The physiological indexes and photosynthetic indexes of
the four seedling types were evaluated using principal component analysis, indicating that their ability of low temperature
resistance was P. lobata > R. chinensis > T. erecta > D. repens. During low temperature stress and low-temperature stress
relieving, osmotic substance content and SOD activity kept steady or increased in the seedlings of four plant species, and
their P_, G_ and Tt increased to some extent and C; increased to some extent after low —temperature stress relieving,
indicating that they had some ability of low temperature resistance. This result could supply scientific basis for plant

selection in restoration of abandoned quarries.

Key Words: seedling; low temperature stress; physiological and biochemical; photosynthetic; analysis of

principal component

IS AR E KR H CEBRD GG RRE T o K S R AR e i R vh 3% 20 T O R 1Y A B
fEREtE, BN BB B 0T, 4 R o it BUALI R G R AR AR IR A ARE . B A BRI A 48
PRSI A BT FENE () AR AR

UEAEAR  BEAE RAL Y D & S , NSRRI AR A M S B W TR 20T IR e, 07 LR S sl +
DAR At , L R 6E THOUIRZ T 2= A I , i B2 AR AR i 21, 2 AR i B2 8 3R A, BRI 4 R 2Ok
DA B g R & iR A A BRI A e ) DR SE S R R A S R A R AR 1
BEREIA Z — B, ARSI T LA B R S AR 0 A2 BRADG A R e B R A M (e, ERIROR
( Rhus chinensis) B4 ( Duranta repens ) (N ( Thunbergia grandiflora) \:‘%%(Puemria lobota) =T VA4
b X E T LA VR S A ) (R A X 3K 4 PR BT FEMEDT SR AGE . AWT5ELAX 4 FHEY e it
FEXG, N TR IR , W4 3R B @ R W DU R AL R G A& R M 55 5 T HE BT SE 1 B AT R
FEPERRES , DA 1L 7 b A AR A R R B R AR A0
1 HRFE
1.1 X5k

AGRIAE L B O AR e =R EA T, LIOR B IRYITT AR Be M B 7 Y Bl 1) 1 AR A 3R RO R 7
2GRS Y S AE A AR O RL B RS EAR 9 em, 9 om JEFUHAM N R L 5.0+ B 37, ZIEHY
HANHIE 1,

1.2 X587k

T ARE Y A K R AR AR — B 2548 1 24 R BB A RXZ e

HEARON XTI ), SEHE R8N 8 :00—17:00 , 56 BEG#R BE 24 120 wmol - m ™5™

BN T A AT AR IE AL B ( A 2R
, FEX S AR A5 7E 80% —85% , LA

http ; //www. ecologica. cn



14 ] ARG A AR N DX 4 Foh 4 i A B AR A KO B R R 2 4239

30°C A Xt B HEATES 0 h e . N TSR LA 6°C/h BRI, AT e SR N & 1294 h BEE (6.0 £ 0.5) C,
TRFFZIR B N AL FRIEE . 745 0 24 48 72 /NI KR 48 h (R) (MIRIBARI) AT 4 IR H5 bR 5E
F1 4 MEHERER TR

Table 1 Characteristics of seedlings of four examined plant species ( mean+SD)

4 AR/ em I/ em IR/ em

ERIRA Rhus chinensis 1.2+0.6 35+1.5 22+0.9

3% Duranta repens 0.70.1 56+2.5 53+2.6

ENSWE Thunbergia grandiflora 1.60.4 45+1.2 25+0.8

B Pueraria lobota 2.120.5 65+2.4 3210.4
1.3 FEECREE

SRAERFE] R 8:00 , LAMAFAR T ZE 4R 1 56 3—8 Fr st & SR M (il L, FHZ8 1Rk 8 3R 1l 5 9, g it
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0.05) (K1), B2 E &R eTHERE IR 24 h B BT X REEY 134, 0% KR 72 h B X AR
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Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata

MRS
Chlorophyll content/(mg/g)

24 48 72 R

24 48 72 R 0 24 48 72 R
B} ] Time/h

24 48 72 R

E1 KEMETXHGEFHERESENHIG
Fig.1 Effect of low temperature stress on the chlorophyll content in seedling leaves of the examined plants
ElH ab.c.d HEZEILERER AMHRF RS ZE R AR E
EFT38.6% F142.8% (P<0.05) (K2) . MM 2R & & T RGBT PR AUR 72 h R #E/ T
XFHR(P<0.05) . BEEAHRIIHERR & & ETHR 8 T8, 4 Fhaii Ik e 48 h i A9 2% & & 51K 72 h
AR TE R & 2R
27 sk o L wE

Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata

il SR A B
Content of free praline/(mg/g)

0 24 48 72 R 0 24 48 72 R 0 24 48 72 R 0 24 48 72 R
5t ] Time/h

E2 REHETXSEHFHSBRSEMNHIT
Fig.2 Effect of low temperature stress on the content of free proline in seedling leaves of the examined plants
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Uik 72 h B X HR) 160.3% ., YK 48 h B, B B4 B R (0 AT B 1B B i S AR 72 h B AE LA TR
HARY A m(E 3) .

2.1.4  AS[EMIC IR B2 ) ] X6 &0y v T 3 T i P s )
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fBGZE R | 22 T8 W R 55 7 400 ¥ I e T AT B B S AR AR 72 h B A3 i BN 167. 9% . 224. 0% (196. 5% FlI
124.0% (&l 4) , KT 48 h B S5ESAKIR 72 h B AH LR IRACHI - IS W )y i 0 ] i bl & 1A o LT, o4l
WA R,

2.1.5  UR[AMICIR M6 B ()X &0y v A 5 £ 1) 5

IR 18 AL BRI IE] 4 FhE AN (MDA ) & ¥ HRSE T, R IR IR BN, 7EAKIR 72 h B34 06 A
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Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata
a a ab 2
c ® b a ab

AR E R R
Content of soluble protein/(mg/g)
=

0 24 48 72 R 0 24 48 72 R 0 24 48 72 R 0 24 48 72 R
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E3 REBEMETXSEMHFAIAEEARSENFN
Fig. 3 Effect of low temperature stress on the content of soluble protein in seedling leaves of the examined plants
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Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata
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AV

Content of soluble sugar/%
W
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B4 REBMETHHEMAFATRERESENZIE
Fig.4 Effect of low temperature stress on the content of soluble sugar in seedling leaves of the examined plants

E a b c.d HZTE LRSS AR FRERR 25 A

A ezl EALL i

0.4 -~ Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata

ab b
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Content of MDA/ (umol/g)
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S (GRS TR & A RS RO
Fig.5 Effect of low temperature stress on the content of MDA in seedling leaves of the examined plants
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R 48 h B, RGN ) SOD 3t FUARIR 72 h BFEA ETF, A4 a9 SOD JE 1 F % 8 3% (P<0.05)

200 A TR EALL B
Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata
b o
® o b
2
S~
ﬁ@ 100 |
8%
2 =
Z
S
<
0
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[} 1] Time/h

Ee6 REAMET4EMF SOD 2EMFMN
Fig.6 Effect of low temperature stress on the activity of SOD in seedling leaves of the examined plants
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W AT JIEL P 300 ) ) SiE K 4 BRI IY P, FRSE R, 28 72 h AIRIR AL BRI | 3R IR A (B | T s 1 5 T
SR BRI BRI 13.3% (18.5% 3.8% M12.9% , K 48 h BHBGERA P, SRR 72 h B AH LLmg A [l
R4 i E I (P<0.05) (K 7).

210 Ak e Ll ik
‘s Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata
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L
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S
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5 0
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Fig.7 Effect of low temperature stress on the net photosynthetic rate (P, ) in seedling leaves of the examined plants
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M1, PR A e 3 W1 (P<0.05) (K18)
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K ABGER CEMSWE RS LAY ¢, 205 BT AT IR 101, 1% 152.3% (151.2% F1131.3% , YK 48 h A}
4 FAETY ¢, YR E/NTRIR 72 h E(P<0.05) (K1 9)
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Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata

AL

Stomatal conductance/(mol-m2-s™")

0 24 48 72 R 0 24 48 72 R 0 24 48 72 R 0 24 48 72 R
5t ] Time/h

B8 REMETXAEMFSILSE(C,)RIFME
Fig.8 Effect of low temperature stress on the stomatal conductance ( G_) in seedling leaves of the examined plants
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Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata

250

JLRICO 3k %
Intercellular CO, concentration/(pmol/mol)
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Fig.9 Effect of low temperature stress on the Intercellular CO, concentration ( C;) in seedling leaves of the examined plants

I a b c.d NZTE LRSS AR FRERR 25 A

2.2.4  OR[EMICIR M8 B RDC Dy i R 28R ( T,) A5

B ACR T PR 3 BT B P RS 4 FPf 1) T, S 2 T % IR 72 h B R ROR (B 50 2 S W RN B R 4l Y T
IR R X IR 16. 6% 24.1% 13.2% F19.0% K& 48 h i1 & M7} (P<0.05) (K 10) .
2.3 DU GG R

X 4 Fh R AE 09 A4z BRAS AR AT R, AR AR 2, IR A AT 2 A FE RO TT 22 Rt

R2 REMBLEREBIERER S S

Table 2 Principal component result of physiological indicators for seedlings under drought stress

Prinl Prin2

-4 £ 5 Chlorophyll content 0.536531 -0.12622
SOD it SOD activity 0.42977 -0. 44657
MDA 5% MDA content 0.29038 0.526235
Jiti% R Free proline content —0.48454 0.255875
B A B Soluble protein content 0.254757 0. 640601
Al A 4 Soluble sugar content 0.378726 0.178542
LR Eigenvalues 4.1102 2.7651
FiHik % Contribution rate 0.5607 0.3153
Z 1T Bi#k % Cumulative contribution rate 0.5607 0. 8760
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4t Rhus chinensis Mill Duranta repens Thunbergia ececta Pueraria lobata
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Fig.10 Effect of low temperature stress on the transpiration rate (7'.) in seedling leaves of the examined plants
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Table 3 Cold resistance scores of four species seedlings under low temperature

841 Scores B Pueraria lobata LA Rhus chinensis N s Thunbergia erecta 3% Durania repens
41543 Mean Score 2.06 1.14 1.10 1.02
PUFEYRAL Rank of cold resistance 1 2 3 4

4 U 4 Pl R M BOE AR AR B b, RIELWRE T AT 2 A R T 25 BT TTER RS F
91.85% ,WCRHIFT 2 A EMSr. R4 alALS 1 ERisrh P, T, B9 RECEOR, U — 3 2 S WL i ia
REERDEART,

R4 REMBLHEHXGIERERS S0

Table 4 Principal component result of photosynthetic indicators for seedlings under drought stress

Prinl Prin2
HFOLAHEE P, 0.56873 0.097017
S5 6, 0.348437 0.867222
Jala] co, W C, -0.51229 0.262886
WA T, 0.541011 -0.41159
FEAF(E Eigenvalues 4.1477 1.2121
HERk R Contribution rate 0.7018 0.2167
2415tk ®% Cumulative contribution rate 0.7018 0.9185

MRIECE A B AR B0 | i o R AL ) 5 4 Rl B S AR BTG  (R 5) R 4 Rhali
AR TEN: DRy 5 e > ER IR A > 1 > e

®5 REMET 4 HOEXSIERES

Table 5 Cold resistance scores of four species seedlings under low temperature

B2y ERIRA EH L %
1G5 1.49 1.09 0.76 0.45
PLFEWR AL 1 2 3 4
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3 #ig5itie
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3.1.1 4 PiEE S e R AR

TS S R A B, SR A AR . ARSI S8 IR AL B A (BG4 i (R A 3R & i T
J& TR LR R R S B R, MRERARTEIE YK 48 h B 4 Fhah i iyt SR R B ) B 2y
i, 3X 5564 R A AR b — 2, UL PR AR IR E J5 SRR G R A A TR A ERTNSR . K- 1
MICIREN 8 T 2 2 RAIR, — 5 T 1 BB A €0 28 B FI RS 1k R AR, IS B 2 BEL TG 368 5 53— T 4l
Al RE ARG R T SRR T BE A ZEELT , sk T k4 2 B Mgt R S AT S 25 F Y 2 B A P T R
I A AR RIS A T S R A FRE R 2, ] e S AR R b
3.1.2 A PUIENE S R B E T Y

L0 A PR Vi M 2 2 L 5 B B 198 3 1A T W 5, T DA AR B 2 v 5 R 1) e A5 IR TR 3 By
BB T G M 4y 1 (0 I 2R B f AR TR B2 A0, ARG P 3 TR R XA ) T G2 A (IR AR R 6 1) 135

ATV R T I K PR AR S, A B v A P A SR K R K L s SR Joit N 245 0K 477 3 B E I L
ST RIS B R B AT R B A DT AR R, AR s e R R S R R LT
PR M THUE,

ALV PR B B B T T T, AT AR R S I R AR i Y TR A T SRARA L A R
PEME S L TG PR RS, ARSI RREE 1Tt mT LA 40 e g D A S e, 43 240 BV 1 3 st o e B
IKIVERT, A R TP, FEACIRIDN A AR BR 5, IR AR 2 8 W 4l T %) P 85 P A 5 A S () B 1) 34
T, 156 B IR TR A 5 Y R
3.1.3 ZhibiFEM St R MDA & &1 SOD P

VTR P30 TR 200 A A S S il 7 A T 4, 3 A B AR S I T B e O R R e A Ak
MVE R S P= ) BTN Y ARHR T 45 2R B R b Bsf [ A B4, 4 Rl i ) MDA 5 1240 5L 448
i g Herp E R A RN B B AE ARG M 24 b F 384 R /)N | 156 B 33K 1R A 40 1 A6 TR 20 400 B0 %) B Ao SR L R B 55
RIS PIIENE . KB 48 h B ,4 Fh A AY MDA &5 S50KIR 72 h A HL G 3% 22 55, U0 WA 76 ff BR AR IR
TR I , 2 A A A G 1o AL R B A AN K

SOD JEAH Y H BRI A R B R S . SRR LG 4 Rtz BMEIE MG 24 h i), SOD S HE#A A
[l B %) T, 08 BA 4 A P s PR S B T IR R KO AR R A P SOD i MR i, LS M Y T B
FEARIR ME T SRR A B BB 35 ZE R A0 AR ELAT —E A B B S, SRk % 4 N 2 Ak 1)
FI PR T A0 A5 A B SRR O 4 v IR 38 1 3 N SN B IR A s [ ) S G
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SELI BT IE
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