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WE . LIS (Amaranthus tricolor Linn. ) 5 ¢ 7778 1 5 (“ Suxian No. 17) MR, LA TARNEEE (25 C (X
) 20 °C |15 CF1 10 °C ) AbF R SRk LUK M it (a8 & i a3 & B S RO S EN AL, IR
I8 T HRER TSR MO A TE A S IR R R A5, S5 R B A3 3 1 6 d M TE3eik e LA nt RS
RN G 3R 1 B R B I S B AR AR 4, o 9 PS T e RG22 3R (F /F,,) (PS T 32 FR Y6 i F 7= 4
(YCIN) ) A FALEH R (PETR) AR BRI (o) T HERE RAERUY 2 = (Y(NPQ) ) B A 2 3
PN FEAR A S AR PERE R AE R AY T2 ( Y(NO) ) S B sh T st i, Hodb )15 °C 0 10 °C AL BR R B30
Bk A R SR R A K S e T X R 10 C B R MR F/F, Y(TT) rETR .qN F1 Y (NPQ)
BT 2 2 I F X BE, Y (NO) B W 8 3% 7 F 4 B, qRT-PCR &5 Bon. Bk L&, W B AnPPCK
AtrPEPC AtrMDH AtrNADP-MDH AtrNAD-ME AtrNADP-ME F1 AtrPPDK F: R (A% 2255 T 7E 2808 BE R AL 38 3 il
6 d SxFIRA BFEEF IREEE(10 °C) IR T ArPPCK FER AN HAMIE DR (335 |, 16 25 Ab BEA ) SiE 4 | KL 1A
AT R WA [ T, AT 5 R R R SACHE 3 RN 6 d TESERIARES LA Rob iR R e Ry
WA GRS ER B ET R EML, AR SN UR SIS %5 & o, B R
G5 MG A R A DCEE A i 2Rk  TTRE AR (2 & i Il e A K
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Effects of different temperatures on photosynthetic characteristics and expression of
photosynthesis-related genes in Amaranthus tricolor ZHENG Youfeng', CHEN Jialan', XIAO
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Abstract; Taking cultivar ‘ Suxian No. 1’ of Amaranthus tricolor Linn. as test material, variations of
plant height and betalain content, chlorophyll content, and chlorophyll fluorescence parameters of leaf of
A. tricolor under different temperature [ 25 °C (the control) , 20 °C, 15 °C, and 10 °C] treatments were
compared, and effects of temperature on photosynthetic characteristics and photosynthesis-related genes
were investigated. The results show that plant height and contents of betalain and chlorophyll in leaf of A.
tricolor treated for 3 and 6 d show a tendency to decrease with the decrease of temperature, maximum
photochemical efficiency of PSII (F /F), effective quantum yield of PSII [(Y( I )], relative electron
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transport rate (rETR) , nonphotochemical quenching coefficient (¢/N), and quantum yield of regulated
energy dissipation [ Y (NPQ)] of leaf show a fluctuation decrease tendency in general, and quantum
yield of non-regulated energy dissipation [ Y(NO) ] shows a fluctuation increase tendency; in which,
plant height and contents of betalain and chlorophyll in leaf of A. tricolor under 15 C and 10 C
treatments are extremely significantly lower than those of the control, F /F_, Y( Il ), rETR, gN, and
Y(NPQ) values of leaf under 10 °C treatment are extremely significantly lower than those of the control,
while Y(NO) value is extremely significantly higher than that of the control. The qRT-PCR result shows
that the relative expression levels of AirPPCK, AirPEPC, AirMDH, AirNADP-MDH, AirNAD-ME, and
AtrNADP-ME , and AirPPDK genes in leaf of A. tricolor under most temperature treatments for 3 and 6 d
are significantly different from those of the control in general; relatively low temperature (10 C) can
suppress expression of all genes except AirPPCK gene, and with the elongation of treatment time, relative
expression levels of genes slightly elevate. The correlation analysis result shows that temperature shows
extremely significant or significant correlations with plant height, contents of betalain and chlorophyll,
and most chlorophyll fluorescence parameters of leaf of A. iricolor treated for 3 and 6 d. The
comprehensive analysis result shows that low temperature will decrease the chlorophyll content of A.
tricolor , impair the photosynthetic system, suppress the expression of photosynthesis-related genes, and
thus decrease the betalain content and inhibit the growth of A. tricolor.

Key words: Amaranthus tricolor Linn. ; temperature; betalain content; photosynthetic characteristics;

photosynthesis-related gene

W 3% ( Amaranthus tricolor Linn.) N 6 B
( Amaranthaceae) V% J& ( Amaranthus Linn. ) —4F4: C,
BN, T ORI FE , EZ AR PR B R
HAB SN EFRMEMIHME, TR ERKDY
WA 23 € ~27 °C,20 CLAFAKZME 10 C
PUF AT R 2 RAED
T S 5 T A ) A A R AR AR T ) 6 W
PN S S (A=Y STER D B/ B P B S vy & e i AR 1)
B ) A A K ARG i R 2R RS
AR RECRRRAE T A6 A R F R AR Ak
B U AR 5 B P 2 R A s a1
ZEIE, NI A e K & F T Fln. KR
S EVAY S ( Triticum aestivum Linn.) Fl & K ( Zea
mays Linn. ) B4 R DEOCSHOT B, M4 K & %
ik, Ot & 1F H ok 55, & i ( Sorghum bicolor
(Linn.) Moench J 38 364 A DG A (1% F IR 2R 1k
fen i -4 R DS HO T SRR TR TR
I, 5 T 1 B2 X6 08 3 52 il () A5 S AR A1
Je A B v AR A D TR R I A SOk A
VEFH B BILTR i AN B At | A9 5 ek 2 o i 4 v D=2 1Y
AR, HETTES AN 0832 1) 7 i S S (3R 10 7 &,
XTSRS A - AR HENE L, BT
B, AIREG LA DESE SR FR 08 15 (¢ Suxian No. 17)
SRERE SN R A B SRR B AR
i MR AT MR IO RO S VR T DG

PRI TR R IR | P8 5 T JBE 181 48 08 S8 5 A1 T A AL
DS i BE 42 i S AR AR Bt — @ Y B 2%

1 ARAR T ik

1.1 ##

N2 2 S B i NS B e = P/ |
g B BE SR AL ; 100 JE 0T ke A+, B HEDT IR FT
I Sl 7 S DR R 1 1 = R
12 em Y75 B4 30 ki, 3L 40 75, B THER 3
=i BB GR B 100 wmol - m™ - 57 St BE A [A]
16 h - 7' JRJE(25+1) C, [ )G a4 7 50 8 £k
BigR & b, KEAPRBERL Y 4 41,5 AR
(25 °C (XR) 20 °C .15 °C .10 °C ) Ay E RO I B 35
AP O B E BE 100 wmol -+ m™ - 571 OB BRI [E] 16
h-d', ZEANFRRE FAM3 6 dJE, 002 4,
— TG, TS R PO S ENE ; 7 — 4
TFP AL FEFEHLEL0 MR IESE AT R 29 5 ¢ IRA 5N
30 £y, B 0.1 g, B 3 AR TR SR
e AR R A BUA 5T -80 CORAF & H .
1.2 FHi&

1.2.1 #&enE RAHBERHEE 0.1 cm) I
SRk (AR 2= D 25 1 Aok B AR TRl B B ) L 4
AR BRI 30 A, 45 B

122 #EEEATHMNE SHERWITER
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BGHEREEE, U3 4y 0.1 g Bt i VR U I A

R (m 2 V)1 2 30 INATC/K ZBE, 4 CHE
30 min,8 000 r - min" EIREL 10 min,ﬁj:?jﬁa?&,ﬁ
BRI (m 2 V)12 30 A XLZE K, 4 C i E

30 min,8 000 r - min” EIREL 10 min,BﬂJ:?jﬁS?@l,Fﬁ
UV-900 5] WA B T (i oehr A BR 2
A FEPA 538 nm AN RE EH SR LT R AWOGAA, FEB K
465 nm Kb E FiE S 8 R 1RO AE, TR AR HE SCHk[ 14 ]
H ) TR R R AR R

123 rtgZeshrtg i i Lr e 5%
ST E B AR U ARE B3 ) 0.1 g BisENT
A BT 10 mL AR 95% L BEHIR 0 24 h B L3
W, 1 UV=900 2240 A] U2 O EE 53 I HE I K 665
F1 649 nm AL i 28 H OB AR, T AR SCHER [ 15 ]
PR AT R LR o FIMERE b S,

AR S DESEAR MR RE AL B 0.5 h 5, R AL e

15— AR R A S 1M TR R IR R
FIFH IMAGING - PAM I 28 2 58 6 18 & 4 (18 [
Walz 23 8)) W& 02 i 5 89 PS 1T e Ko fb 2= 3 %
(F/F,) AEAT PR A S i 17 s (Y(NO) ) |
PSIT 2Bt T A (Y (1) ) AR L 4% Jd i R
(rETR) AESACZETE K R BT (gN ) FHIE 5 P B i AR 1
BT = w (Y(NPQ) )6 e RIS 5, B4
AP 3 (R 3 IRER)
1.2.4 gRT-PCR JHRBEAEY) RNA 42 HUA50 & (b
HRBERF I & ) BB A RNA; A Hifair® 1
Ist Strand ¢cDNA Synthesis SuperMix for qPCR ¥ #% 5%
TR G (o 2 A R A R A ) iR A7 R 5%
% W8 Hieff® qPCR SYBR® Gree Master Mix A&
T E YRR IR A A #E47IRFE . qRT-PCR 97
HEFRF .95 C WA 30 8395 CAE M 30 5,59 CiE
K20 .72 CHEAH 20 s, 3 45 MER, HBAE Cp A
(crossing point ) FHVA i i L Al 45 5 1) e 8 vk

R AE U0 2% 55 S 41 B HE B (SRA B R B
SSR924089-SSR924092 ) fifi 1k H 2 5 e A4 FH B R
e N AR AR (L B (PPCK) B TR A 1 PN T
W22 AL (PEPC) SR BRI = (MDH ) \NADP -3
L1 It & ( NADP —~MDH ) . NAD —3F 5L 2 il ( NAD -
ME) NADP —3F W2 ( NADP-ME ) 11 A i /1% i i X2
P4 (PPDK) A3, 3 5 NCBI (https : // www. ncbi.
nlm.nih.gov/ ) LXFHfi € ORF [X, Ff DNAMAN 9.0 4k {F:
BWIH1IY (R 1), RIS A B RA EE

®1 ATHXERREHSIYFT
Table 1 Primer sequences used for gene expression of Amaranthus
tricolor Linn.

519 SR (5'3") B/
Primer Primer sequence (5'—3") Amnealing
temperature
RT-AtrtMDH-F GCATCAACCTCAAATCCAGA 59
RT-AtrMDH-R TACAATCAGCAGCAACACCA
RT-AtrNADP-ME-F ACGTGTACGGTGAAGATTGT 56
RT-AuNADP-ME-R AGAAGACCGCGTAAATAGTG
RT-AaNADP-MDH-F  CTTCTGGGATTTGCTGTTCT 57
RT-AurNADP-MDH-R  CGGTTGTCATCTTCTTCCAT
RT-AtPPCK-F CTCCTTCTTGACGACGATAT 55
RT-AuPPCK-R CGGAGGAAATTATACGGTCA
RT-AuNAD-ME-F CTACTTCAGAAGGTCATCGT 55
RT-AtrNAD-ME-R CCTCAAGTCAGCCATAAATC
RT-AuwPPDK-F GTGAGACCCTTAGATCAGAT 58
RT-AtPPDK-R GAGACCAAAGCCATGACAGT
RT-AuPEPC-F GATGCTTTGTTGCTTGATCG 59
RT-AtPEPC-R CAAGCTGGTTATCATGGTTC
EFla-F GGGATGCTGGTATGGTGAA 59
EFla-R ACGGGTCATTTCTTCTTCTGAG

1.3 HiEgitFaHm

i Jl EXCEL 2016 HE47 %08 4031 AR g 27
PO T R AR X Bk i (8 SPSS 22.0 B, R
12 T MR T 22 5 W E P MT , IR EAT Pearson A
MG HT 3 ] Origin 2017 #PF2: A,

2 HERFMN

2.1 AREBREMUEKRENZIG

AR R X W SRR B B2 i WL 2, S5 R UK
ALEE 3 F16 d 0 D8 A% i Bl 2 T S R AR 2 B RIS 1)
B AP 3 d, 15 CHI 10 °C AN R (1 T SE R i 1Y
F2 ARIBEXTIIEHRS IR0 (XSD)

Table 2 Effect of different temperatures on plant height of
Amaranthus tricolor Linn. (X+SD)

T Ak i 4 #55 / cm

i/ C Plant height at different treatment times"’
Temperature

3d 6d
25(CK) 13.67+0.31Aa 15.40+0.30Aa
20 13.20+0.30ABab 14.10+0.36Bb
15 12.77+0.25BChe 13.07+0.35Cc
10 12.30£0.26Cc 12.37+0.21Cd

D )5 AR R B VNG B35 365 22 5 3 (P<0.01) Rl
3 (P<0.05) Different uppercases and lowercases in the same column
indicate the extremely significant ( P<0.01) and significant ( P<0.05)
differences, respectively.
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W B EART 25 C (X HR) ;408 6 d, 20 °C 15 C Al
10 CAbFER () Tk YR o AR T XTI, R — Ak
PR EE T bR 6 d SRR R AR EE 3 d, [
BT E AR, 2 A KB i 32 B, 10 °CARHE R 1)
IS Ly IR N | ok oo
22 ARBEMEEHFPHEAZSENTM

A [7) 30 3 X680 35 Pt e R S €8, 3% % e P T D
£ 3, GERER AT 3 6 d BYIESEM A PR
R (HERARMHEER R ) & A IR PR 2 B
fRA#aFA, ALBE 3 d,20 CALFE R M A AP HsE g K&
R FET 25 C (X)) |15 C 110 CALFE T it A
TR R SR LT X I 03 6 d,20 C
ALFT R SR 2T R S i AT R 15
FI0 CALF Rt R EiER (R & e i 2K Tt
WL Bt A B A (] () i R AN [R] L R A 3 o R e
FORTHHETRE .
23 AEEREMEEHFFHEEZSIEMHEZE
RS

AN T T X6 06 S5 it v i 3R o T R ) DL 3R
4 XS SRR IOESEE I LR 5,

ZER(F 4) WoR ALFR 3 F 6 d Y ISEM: At

%3 AEBEMEEMAPHYEESEHNEM(X2SD)"

R (MGEE o MIMEEE b) & EBEE RE RSN
FEAR A3 H 15 C 110 CAER R it Fr it 2
AR B EAR T 25 °C (X IR) Bl 5 4 B[R] £y
FEK: 15 C 110 CALBE R if v mf 4 2 45 i 0 g
FEAIR

gERL (R 5) WoR: Bk L F, BEE R E R, kb
H3M6 dH TR AR PS I % KOk 23 %
(F/F,) PSR Fr=&i(v( 1)) AT
LA (rETR) ARG VR KRB (qN) FHIH 5 1
RERFERAY R T P2 5 ( Y(NPQ) ) 52 80 il sh PR AR
POAEAT R EAE R = R (Y(NO) ) R
TR, 10 CABE IR F/F, YOI,
rETR .gN 1 Y(NPQ) {E#} &% T X4 18, Y(NO) fi )]
e 5825 v TN I A A B ST [ ) K | AN ) g Ak
BRI R R NS EE AT,
24 FAEBEXMEEMAASERBEXERRIEN
m

AN TR X6 5 2 i B o' A 1 A G 56 PR A o 3%
AR LR 6, 45BN Bk LFE, S R
FRAR AL EE 3 d Y TESEI - ArrPPCK TR R R X 634
i UERRACS T s i & 5, ArPEPC F1 AtrNADP -

Table 3 Effect of different temperatures on betalain content in leaf of Amaranthus tricolor Linn. (X+SD)"V

AbHE 3 d RIS ARG/ (mg - ¢7")

ARFE 6 d R EE SR/ (mg - g71)

YRR/ C Betalain content at treatment for 3 d Betalain content at treatment for 6 d
Temperature [iP3A%S [ES S [iP3AS [ES
Betacyanin Betaxanthin Betacyanin Betaxanthin

25(CK) 0.522+0.022Aa 0.104+0.004Aa
20 0.514+0.019Aa 0.094+0.006Ab
15 0.439+0.002Bb 0.084+0.002Bc
10 0.391+0.002Cc 0.076+0.002Bd

0.587+0.008 Aa
0.536+0.012Bb
0.483+0.019Cc
0.443+0.018Cd

0.139+0.003Aa
0.131+0.006Aa
0.116+0.005Bb
0.101+0.005Cc

ARV [F] KB F/NG Fhk o 5 38 22 50 i 35 (P<0.01) #1535 ( P<0.05) Different uppercases and lowercases in the same column indicate the
extremely significant (P<0.01) and significant (P<0.05) differences, respectively.

F4 FRBEMEIZMHAMHRESENHI(XSD) "

Table 4 Effect of different temperatures on chlorophyll content in leaf of Amaranthus tricolor Linn. (X=SD)"

B/ C

Temperature

UEE3 d IR AR (mg - g7)
Chlorophyll content at treatment for 3 d

ARPR 6 d B4R E AR/ (mg - g7!)

Chlorophyll content at treatment for 6 d

2% o
Chlorophyll a

e b
Chlorophyll b

4% o
Chlorophyll a

22 b
Chlorophyll b

25(CK) 24.45+0.22Aa 12.21+0.54Aa
20 24.18+0.34Aa 11.95+£0.58 ABa
15 23.40+0.07Bb 10.66+0.33ABb
10 22.67+0.22Cc 10.19+0.96Bb

24.66+0.41Aa

24.13+0.67ABa

22.61+0.52Bb
22.53+0.45Bb

12.31+0.40Aa
11.94+0.77Aa
9.81+1.06Bb
8.95+0.31Bb

D [G] 81 A 6] KB R ING B 4 51 3R 25 Ftl .38 (P<0.01) Fil i3 (P<0.05) Different uppercases and lowercases in the same column indicate the
extremely significant (P<0.01) and significant ( P<0.05) differences, respectively.
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Table 5 Effect of different temperatures on chlorophyll fluorescence parameters of leaf of Amaranthus tricolor Linn. (X+SD)V
LR/ °C AhEE 3 d LR R DOESEL Chlorophyll fluorescence parameter at treatment for 3 d
Temperature F/F, Y(NO) Y(I) rETR gN Y(NPQ)
25(CK) 0.627+0.005Aa 0.307+0.006Bb 0.517+0.005Ab 4.517+£0.057Aa 0.481+0.010Aa 0.178+0.005Aa
20 0.630+0.005Aa 0.305+0.018Bb 0.538+0.009Aab 4.783+0.076Aa 0.464+0.005Aa 0.167+£0.006Aa
15 0.615+£0.019Aa 0.290+0.012Bb 0.549+0.012Aa 4.683+0.305Aa 0.478+0.012Aa 0.166+0.010Aa
10 0.521+0.020Bb 0.418+0.019Aa 0.442+0.020Bc 3.967+0.076Bb 0.408+0.020Bb 0.140+0.009Bb
R/ C bR 6 d B2 6S %0 Chlorophyll fluorescence parameter at treatment for 6 d
Temperature F,/F, Y(NO) Y(II) rETR gN Y(NPQ)
25(CK) 0.638+0.014Aa 0.298+0.005Bb 0.548+0.024Aa 4.848+0.179Aa 0.445+0.023BCb 0.161+0.013Aab
20 0.636+0.014Aa 0.272+0.007Bb 0.542+0.028Aa 4.739£0.220Aa 0.500+0.023ABa 0.178+0.013Aa
15 0.608+0.009Aa 0.273+0.007Bb 0.548+0.031Aa 4.786+0.219Aa 0.535+0.028Aa 0.179+0.008 Aa
10 0.437+0.031Bb 0.480+0.032Aa 0.368+0.031Bb 2.967+0.057Bb 0.425+0.027Cb 0.148+0.011Ab

DF /F, . PSIHRIGAEZERL R Maximum photochemical efficiency of PS I ; Y(NO) : JEJEFTHEAE ALK T 74 Quantum yield of non-regulated
energy dissipation; Y( 1) PSII SRR TR A Effective quantum yield of PS1l ; rETR; FHXT HL 1438 33 % Relative electron transport rate; g .
B4k 24 7 K Z %0 Nonphotochemical quenching coefficient; Y(NPQ) : 835 EBEREFERAY & F 7= %1 Quantum yield of regulated energy dissipation.
[R1%1 Fp AN [ K B RN PB4 31 7R 2 57 8.3 ( P<0.01) Al 5.3 ( P<0.05) Different uppercases and lowercases in the same column indicate the
extremely significant (P<0.01) and significant (P<0.05) differences, respectively.

*®6 AEREMEEMFREERBXERBEYREEHHNE(XLSD)Y

Table 6 Effect of different temperatures on relative expression levels of photosynthesis-related genes of leaf of Amaranthus tricolor Linn.

Relative expression level of gene at treatment for 3 d

AtrNADP-MDH

AtrNAD-ME

AtrNADP-ME

AtrPPDK

0.957+0.080Bb
1.617+0.034Aa
0.555+0.031Cc
0.461+0.016Cd

0.971+0.030Aa
0.619+0.037Bb
0.425+0.017Cc
0.186+0.004Dd

0.967+0.041Aa
0.750+0.049Bb
0.484+0.035Cc
0.494+0.027Cc

1.030+0.076Aa
0.667+0.011Bb
0.601+0.040BCb
0.489+0.017Cc

Relative expression level of gene at treatment for 6 d

AirNADP-MDH

AtrNAD-ME

AtrNADP-ME

AtrPPDK

(X+SD)Y

/T U3 d IR ik it
Temperature 4, ppcK AtrPEPC AtrMDH

25(CK) 1.022£0.057Bb  0.996:0.041Bb  1.008£0.060Aa
20 0.478£0.079Dd  1.196:0.076Aa  0.489:0.002Bb
15 0.6880.037Cc  1.175:0.094Aa  0.269:0.015Cc
10 1.485£0.047Aa  0.722£0.005Cc  0.1370.005Dd
g/ C AEER 6 d B PRI R IR R
Temperature 4, ppcK AtrPEPC AtrMDH

25(CK)  0.975:0.096Bb  1.078:0.068Cc  1.071x0.067Bb
20 0.920:0.036Bb  1.936x0.015Bb  1.786:0.040Aa
15 0.669+0.046Cc  2.609£0.038Aa  0.729:0.032Cc
10 1.985:0.140Aa  0.857x0.007Dd  0.391:0.004Dd

1.016+0.015Bb
1.235+0.122Aa
0.959+0.006Bb
0.532+0.013Cc

1.016+0.018Bb
1.304+0.018Aa
0.812+0.017Cc
0.271+0.010Dd

0.986+0.023Aa
0.821+0.108Ab
0.458+0.070Bc¢
0.468+0.010Bc

1.057+0.080Bc
1.412+0.056Aa
1.296+0.029Ab
0.619+0.021Cd

1>AtrPPCK; TR T 2 T B R R Ak T T B L R Phosphoenolpyruvate carboxylase kinase gene; AirPEPC: W 2 4 1 =X N R R R Ak il 3k
Phosphoenolpyruvate carboxylase gene; AtrMDH ; S J R i & i 2 [ Malate dehydrogenase gene; AtrNADP - MDH. NADP — 32 5L g Ji & g 3 A
NADP-malate dehydrogenase gene; AirNAD-ME . NAD-3ESRAREFFRL [ NAD-malic enzyme gene; AirNADP—-ME . NADP—-3ERLFR 3 ] NADP-malic
enzyme gene; AirPPDK ; TN i % 5 B2 XUBL 3L R Pyruvate orthophosphate dikinase gene. [ 51 H AN [f] K5 Fl/NG T8 o0 B R 22 Sl i 3% (P<
0.01) F 2 3 ( P<0.05) Different uppercases and lowercases in the same column indicate the extremely significant ( P<0.01) and significant ( P<0.05)

differences, respectively.

MDH R B % 2 35 i S B T 8 e A A 2
AtrMDH AirNAD-ME AtrNADP—-ME F AurPPDK 31
ARG 2 1K 2 S BRI A %, 20 °C 15 CFI110 °C
SFER 0 B AurMDH . AtrNAD = ME . AtrNADP - ME il
AtrPPDK 3 X A 26 55 B A S 25K 25 ¢ (%
B4, 10 CALH R J ArPPCK 3 K A AR R 3635 i)
W T X, 10 C AR A ) AwrPEPC il
AtrNADP—-MDH & PR {1 AH X 3¢ 35 1 24 4% & 35 41K 1 X

W B IR PR AL P 6 d A TSEM: i ArPPCK 3
R AH X 2% 3k i 2 BRI S T &
AtrPEPC . AtrMDH . AtrNADP — MDH . AtrNAD — ME il
AtrPPDK FE PR B AH X 2% 35 5t 52 305G T )i B AR Y
e AtrNADP—-ME &R R 0 223 1 522 B R A1 s ek
B 10 C BRI ) ArPPCK FE R (1)
AR 2 1k A k2 T A At 5 AN SRR A AR G 3R
IR TR
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Py 50 A 0 3 25 S IR AR (10 °C) &=l BR T
AtrPPCK FE PR A1 8 H A 3 PR %) 3, i 25 Ak FHR s i) 22
Ko, FE A Xk AT [l T
2.5 WMERIEIRSBENEXEST

LSRR v R AR A A AR AR - R R A G R B

RO R MR o THNLRER b S
AR PS IR RO A 2 ORI S i 35 IE A O, 5
ARV PR RE AR TR R SO OG, S AL
3 d BYAEYE AL~ P K ZR BOMIE 9 1k R FE RO 1
PR R A, AL HE 6 d B9 PS I SE PRt
TURIAR X R 1 108 R S 2 IO

27, SR ER RSP 3 M6 d BkkE iR

RT RARKBMEBENIERSRENHEXREY

Table 7 Correlation coefficient of plant height, physiological and biochemical indexes of Amaranthus tricolor Linn. with temperature!)

ek Ah3E 3 d BIAHSE RS Correlation coefficient at treatment for 3 d

Index h Cl c2 C3 c4 F/F,  Y(NO)  Y(I) rETR gN  Y(NPQ)
IR Temperature 0.911 #%  0.942 %%  0.958 #%  0.957 #%  0.823 %%  0.806 ** —0.677 * 0.542 0.571 0.734 %% 0.842 #x*

ok LR 6 d [IAHIEZREL  Correlation coefficient at treatment for 6 d

Index h c1 2 c3 c4 F/F,  Y(NO)  Y(I) rETR N Y(NPQ)
WL Temperature 0.968 % 0.975 %%  0.952 %%  0.841 %  0.896 %% 0.832 %% —0.698 % 0.741 %  0.778 % 0.060 0.253

l)h; FEE Plant height; C1. RaEsE Betacyanin content; C2: HH 3% # & & 1 Betaxanthin content; C3: M4 E o S Chlorophyll @ content;
C4. 23 b i Chlorophyll b content; F,/F, . PST I KIEAL2#40% Maximum photochemical efficiency of PST ; Y(NO) ; JEJH TP RERFERL
i1 F 7= Quantum yield of non-regulated energy dissipation; Y( 1) ; PS I SZFR)Ga F =40 Effective quantum yield of PS 1l ; rETR . AHXHL F-1%
1% 7# % Relative electron transport rate; gN: 3 6AE2% 7K 2 %L Nonphotochemical quenching coefficient; Y(NPQ) : 85 4 fig & #E HL A 2 T P2 %
Quantum yield of regulated energy dissipation. * ; P<0.05; ** . P<0.01.
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KA HEEAE R 1 RRASE MY A K LT Z 3
i, R RIS R A RakE it
BFECE ) %) FH ( Cynodon dactylon ( Linn.)
Persoon ] PR AR K 3 3 i 7 L R ARG A 5 R IR 1
18] IR MR8 R B 5 (Medicago sativa Linn. ) 4] 1
FERRESS , AR K e, KU 2 24 24 st
ToH ARG DSk e A T 1 B AT A
FE 15 CH1 10 CAbHE 3 d 52 51 5 i, b 25 b 21
A1) B ZE S, 20 CAREE 6 d B 0 38 A K B 32 31 i
FAMH 10 CAEFE 6 d FYTESEEEAE I, AHSCHE
SIFTES R LR AR T R A TEAOG . BRI
JEBAR (15 CHI10 C) 2 SR AR Kb T
20 C I a3 A Kt 2 32 B

TR SRR MR AR AR R
S FEEU AR P S (0 R 196 it 52 2 B2 Y
R, YR AR 20 °C B S 6B FK 196 Az 2
i ARBFTT LS R R R R R A R A
Wit 25 i B AR T R KK, 1S °C 1 10 “C AR 3 3 6 d i
R A R S A AT 25 C (W) A
KM R BN SRR E B SR F R E
T EE 38 A R IR AR OGO IR IR (15 °C A
10 °C) SREARTE M 7 rh B S R I & 1, 15 C
10 CHIAFTHRHERARN GRS RER,
32 RIEXMNERAEERRBEXERRIENZN

Mo R RAEYM RAN S 5 A EZE A
ESRN (1R 3 NI LN A S S e g |
T, DT 5 RE A O A fE Y n i i 48 B
( Paspalum vaginatum Swartz) FEARIR MG N &R &
B 5 AR Bk A 8 ( Dendrobium spp. ) B -4 &
P i it 25 IR P VAR PR T Ak BB s 1] JE R 5 0 32 3T AT P
FAFP AR AbEE 3 6 d BTSN i R
A TR R R , 15 °C A1 10 “CARBE R i
R E R Y R T 25 C (W) o AR
TR IR AR o RMNGE b S ES5IRE
PR R FEEMAG, SR ERAR(15 CHI10 C)
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AFN T IR 3 B B, BRI 4 3R & i, HLRE
Aab B ] SIE A | JHEX 5 2R 5 S A R SCR S

T 2 R 9O S Bz i RO REBE 5 BT i
AR T 5 2 R DG, AR 3R BRI ARSI
S AR IR AR AR A e 1o 0 IR AR PS T 22
SR, FBAED 0 PS TGk 8503 T HL 1 i g
JIBEAR, IF HAE AR O A3 2 (Pn) 5 PS 1T &%
T 2= ROR (F/F,) FPS T 52 FR % & T 7= #
(Y)Y % 58 5 3 E M 78 £ 0 4t 50
( Meconopsis horridula Hook. f. et Thoms) F1% I ¥
( Coleus scutellarioides (Linn.) Benth. ) BBFFEH & BH,
R T H F/F E. YD) A ARXTHL 15 58 550%
(rETR) SRR, M0 gV EREAE IR A AR T R 5
REAR, R PR RE AR RO B 777 & [ Y(NPQ) ) FIFE I
TR AR AR AL B & (Y (NO) ) W i g
w0 RIS R R AL B 3 R 6 d,20 °C Al
15 CAbHR BRI R i i R O S EUR R 5 0] i)
T EZER, 10 CRAETHFE F/F, Y(I),
rETR .gN F1 Y (NPQ) B & & & 2 Ik T xF I/, X
Y(NO) B 5 3 5 T %k R, A O M 2 Fr 45 2R B
Y(NO)ES IR ERE B E A, m F/F, YD),
rETR .gN F1'Y(NPQ ) {8 5 i B 7E N [] A 34 Asf i) S22 4%
BEEIERDC, B 20 TR 1S CR ISR M4k % 5
FESHGE WA KT 10 °C b FH 255 | i SR 4 R ¢
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B 3G PE M 5 32 B IR BE RS 520, /K & ( Oryza sativa
Linn.) 7% H % ( Saccharum officinarum Linn.) (391
ARG I (Arabidopsis thaliana ( Linn.) Heynh.) LT
Ki# ( Panicum virgatum Linn.) RSB A R
FEMIGIR T 53 TR, b3 3 6 d, Bk & 1E Fl A
KIEH [ FeIRAZ BRI . qRT-PCR £5% 18
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