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Abstract: Tertiary Amines substance is a kind of high bioactive regulators with low molecular weight. DTA-6 and DCPTA
are the two representative tertiary compounds,which has various influences on physiological process in plants. Up to now,
most work were focused the physiological effect and little has been known about the mechanism of the promotive effect of
DTA-6 on plant photosynthesis, which prevent them into practical application. The objective of this work was to find the
photosynthetic responses of corn and soybean to foliar application of DTA-6. The effect of DCPTA and DTA-6 on photosyn-
thesis, photosynthetic key enzyme and chlorophyll fluorescence parameters of soybean ( cv. Zhonghuang 13) leaves, was
studied in pots under greenhouse. DCPTA and DTA-6 were sprayed on leaves at seedling about the first fully explanted
leaves, and with water spraying as control. The results indicated the height and biomass were significantly increased by
DCPTA and DTA-6. The photosynthetic rate, transpiration rate, stomatal conductance and chlorophyll content were in-
creased, and the intercellular CO, concentration and chlorophyll a/b were decreased by the application of DCPTA and
DTA-6. The activities of PEPCase and RuBPcase, maximal photochemical efficiency of PSII (Fv/Fm) , effective quantum
yield of PSIT (®PSII ), photochemical quenching coefficient (qP) were significantly promoted by the application of DCP-
TA and DTA-6, but non- photochemical quenching coefficient( qN) was declined. The optimun concentration for soybean
was 20 mg + L”'DCPTA and 10 mg - L™'DTA -6.
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TR YIS R b 2- (3,4- A
AR - - = 2 g (2- diethylaminoethyl- 3, 4- di-
chlorophrylether, DCPTA ) Fl T R —. &, & % £ W Tig
( diethyl aminoethyl hexanoate , DTA-6) JZiZ2{b- &4
SR o AR 2 T 9 1 A 2 K
T AERFEY LR SR TE 6 2% AT AROR S
KHEAEY b0 RS — & B9 AL, 10 Keithly
4V FEE 10 mg - L™ DCPTA B A4k BEES | ]
PETE R DA R AR R AR IR
ST AR, T I AR 25 DL R AR R Y 8,
S T R e N R Ik S TTEANE R AE S U
WFFE T AR BE R 3 77 Jie ( DCPTA) X R SLAR R AR
2R TR R A R A IR & R R,
KILA40 ~ 60 mg - L= DCPTA 1E47) 143 W it R 1.
& RIS S B B e 2
45 mg - L~ 'DTA-6 $EFpFIZS M 20 mg - L™'DTA-6
L Ty O AT Ao = SR R 7/ RE Y e =W R K VA1)
TR B 349 8 T T8 7K G B, 186 77 i B2 7T 3k 509% A2 A
HR A DR M ) Jot (9 AF 58 (AR A BRSO I
K ReHE S BT PE W) B E W AR K R B B IR,
FEBIEXT AR By IR 4, AT BR ] T AUk S8 1% 1
Y PR 3 A2 4, A A T B A Ry Aol AR
HORFEVET o PRI, R RS i, BIFTE AU T
PEY BN K EOGEAE RN, Ry SU S 1% M)
JAE R &L DL R HABAE Yy b iy & B8 $2 1 38
et o

1 #BR5FE

1.1 #FFnigit

ARG A 2 13 A48k, T 2006 45 F1 2007
AEATE i E AL R 2 AR 2 B i 00 3 b iR = A T Ak 1t
¥, SR AR 25 om |, 5 30 om, Zk LT R
AL CEFR 1) Aig A AR L 6:4 1R A), B4
15 kg BT, REAAEFN 8 AL, 52 M 4 PR

P55 ( DCPTA A1 DTA- 6 Hy A5 Ak T 48 141 42
B 98% AT MR R ) I TR AR K S5 — A =
S5 42 e T Ip i 47, Horp DCPTA YR JE 3 10,
20,50 .80 1100 mg - L', DTA - 6 [ JEE R 5.
10,20 .40 F1 100 mg - L™", DL 7K 4b 38 Sy 6 BE, 165 7
AEFE A0 0. 02% Tween-20, B NACHREE 3 K, &%
ARFR 10 5, Horh 6 GAEmE A 9 KA A= FRI % Al
HURE 4 e AbBRS5E 30 RaE AT R AR PR A AR 4 i
e

1.2 tAERSHBNE

FFEHEROEA R G0 E 4L LI- 6400 (LI- COR
Lincoln, USA ) il 5 R 55— R =t B Mot 4 i3
RV 2R R e AR, B Ab
PR E AL 6 YR M A5, JEER S 1000 pmol
em s JRJE 30°C, CO, WS 450 wmoL - L7,

1.3 MEERAERNE

K PAM-2100 fg#E -2 R IO E R 5L
Si—h M PO S E T I
J37 20 min, J¢ RSN, 58 0. 01 pumoL, - m 2.
s T MRIER DG Fy, FEFT T4 AN ik wh ol (B R K
6 000 pmolL -m+s™") R KOG Fm, JeA1EM
KBRS R BOCSE P FRIEAT 100 A0 K ot
AR, DGR e RPEOE (Fm) o PS I Fe KOG AL~ i
T Fv/ Fm (PS ILGAR #RE R A Al 77
& OPSIT Db K (qP) MHEE 7K (gN)
A A hgth .

1.4 MERESERNE

SRR (0 3R O B AE . S R AR S Oy
i, UL 80% (1PN R 6 4k $72 48 h, fi UV-1601 735t
SR S
1.5 PEPC #1 RuBPC i& RN E

Mg B B A% Sayre S5 (7L AT L B fiE
H0.5 g, i/ a A defb i 3 mL Ve i 3R BUR 1T
WFEEREEC, $2 B P42 & 100 mmoL - L™' Tris- HCI
(pH7.8),10 mmoL - ™" MgCl, ,1 mmoL -L~" EDTA,
20 mmol - L.~ B- #iH L1 ,10% (W/ V) glycerin Fl
1%PVP, 338, JEWAE 4°C 15000 r - min "' Z5.0 10
min, b O VRS DU E

PEPC 51 ] Blanke % f i (8 53 A2 « )
MARZ K 1 mL, W IRES WAL A 50 mmoL - L™ Tris-
HCI(pH7.8) ,10 mmoL - L ™" MgCl, ,0.25 mmoL - L'
EDTA,5. 0 mmoL - L' NaHCO,,2. 0 mmoL - L'
DTT,0.1 mmoL -L ™' NADH,4 units MDH,2.0 mmoL
-L~" PEP, B G 8 J520 , 76 Varian100 435656
TH BB 340 nm JRTOGEE T R, D 5E i E] S
3 min,

RuBPC i Y (1) Il i€ 2% Racker J53"™ o [
TRATW (RARRL3.2 mL) 41 4% : 100 mmoL - L™" Tris-
HCl 2% s (pH 8. 0) . 100 mmolL - L™" MgCl, , 50
mmol - L ™" B N A4 1 = #f2 ( ATP) .50 mmol - L'
TR BEEE (DTT) .2. 0 mmoL - L™" NADH.1. 0
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BT 545 - DCPTA 1 DTA-6 X K G it f K -2 R PO R i 45

mmolL - L™" EDTA- Na 4 0.3 mL,200 pmol - L~
NaHCO, 0. ImL, 7&K 1.0 mL,3- @2 H i s ik i
(PGK) /3- @ 2 T v 8 i % 1§ ( GAP- GDH) (15u/
15u)0. 1 mL, HEEG% 0. 1 mL,30°C {8 & /K VA 1515
10 min, F 340 nm KGR EO, f /5 A 9.0
mmol - L' 1,5- AR EKE ( RuBP)0. 1mL J5 3%
N, 37 ZNVEERR 10 ~ 15s [R] Bl S i 224
1.6 #iEAES%ITHH

S5 LI E - BE 2R, B i e it o ok
FH SAS Ak 3,

779
2 #ER5HH
2.1 DCPTA 1 DTA-6 3¢ A E M B KA EE R A%

DCPTA Fl DTA-6 459 i 4b #1 (bR 100 mg - L™
Ah) B3R T RO A AR 2R RS L R
AR T MR CO, ¥ BE (3 1) o MV BERL 43 #T,
DCPTA F1 DTA-6 £5 A B[] iy it 7 G 78 s
MRS T T 5 9 el 2 A8 Ak, HE e (e L
7620 mg-L~" DCPTA ZbFEFI 10 mg - L~" DTA-6 4b
F, H 5 R 22 S 185k 2B KF X B s n 1

# 1 DCPTA F1 DTA-6 X§ KRB 765 3 KA S E B 200
Table 1  Effects of DCPTA and DTA-6 on photosynthetic rate and its correlative parameters of soybean leaves
e R PR AL Ja i) CO, ez
Rb 3R . - . .
Photosynthetic rate Transpiration rate Gs Ci
Treatment/mg * L ! o Y Y N -
/wmol CO,*m™"*s /umol H,O *m™+s /mol H,0 *m™"*s /pmol CO, * mol !
0 13.6 b 1.49 e 0.24 ¢ 223 a
10 13.9b 2.25b 0.26 b 217 a
- 20 19.4 a 2.46 a 0.32 a 216 a
DCPTA 50 17.9 a 2.05 ¢ 0.31a 218 a
80 15.1b 1.84 d 0.28 b 216 a
100 14.7 b 1.70 d 0.28 b 217 a
0 13.6 ¢ 1.49 d 0.24 ¢ 223 a
5 15.0 b 1.82 ¢ 0.27 be 201 b
10 20.1 a 2.14 a 0.38 a 143 ¢
20 16.3 b 1.92 b 0.28 b 158 ¢
DTA -6 40 15.2 b 1.88 be 0.27 be 173 be
100 12.6 ¢ 1.79 ¢ 0.26 be 207 b

R PR 5% 225 REKF, TR,

Values followed by a different latter was significantly different at the 0. 05 level on the levels of LSD test. The same below.

42.6% 65.1% 33.3% F147.8% 43.6% .58.3% .
M AfLE] CO, ¥k FE (AR A 5 AR I, S V7 ik, %
R B BEL7E 20 mg - L.~' DCPTA 4bFEHI 10 mg * L°!
DTA-6 AbHf, 53] X B8/ T 3. 2% 1 55.9% , H:
110 mg-L™" DTA-6 ZbF 5% iR 2% - i %

2.2 DCPTA #a DTA-6 W AREMHF BESEMAE

M2 255 1 53 A1, DCPTA 1 DTA-6 Ab PR 5
TR aRE i AR a FIFSRER b (S, I
AL PR AL 5 RO AR A — 3, B 2
PR e 2R, ELIG(H L B07E 20 mg - L™' DCPTA Hi
10 mg - L™" DTA-6 Ab3, 4% i {1 5 3 HR 1) 22 57
PIkE (R 2) . MM4RE a/b ER AL 5t

72 DCPTA FI DTA-6 3J K G0 -4 3K (152 )
Table 2 Effects of DCPTA and DTA-6 on chlorophyll contents of soybean leaves /mg - g~' FW

Qb P e 2R R 4% a M4gE b 4% a/b [WE
Treatment/mg * L~ Total chlorophyll Chl a Chl b Chl a/b ratio
0 2.94 b 1.96 ¢ 0.99 b 1.99 a
10 3.03 b 1.98 b 1.05 ab 1.88 b
DCPTA 20 3.12 a 1.99 a .12 a 1.78 ¢
50 3.07 ab 1.99 a 1.08 ab 1.84 b
80 3.00 b 1.98 be 1.03 b 1.93 a
100 2.95 b 1.96 ¢ 0.99 b 1.98 a
0 2.94 ¢ 1.96 ¢ 0.99 d 1.99 a
5 2.98 ¢ 1.97 be 1.01 ¢ 1.95 a
10 3.13 a 2.01 a .12 a 1.80 b
DTA-6 20 3.08 b 1.99 b 1.09 b 1.82 b
40 2.98 ¢ 1.97 b 1.00 ¢ 1.96 a
100 2.96 ¢ 1.97 be 0.99 ¢ 1.98 a
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GESEALS, H 20 mg- L' DCPTA £bHF1 10
mg - L™" DTA-6 4b P (4 b AE ¥ fe /), it 55 5% BE 22
SIRF R,
2.3 DCPTA #1 DTA-6 3t Kk E M F PEPCase 0
RuBPCase &R E S

MR G 7 G5 CEE R 73 Hr , DCPTA il DTA-6
AbEEHE 25 T RuBPCase il PEPCase 435 P4, H
DCPTA {UAE 20 mg - L™ 4bF g 242 %5 T RuBPCase
(A3 e, T H At 5 Ak B o B ) 2 S AR TR B 4 3 5 T
DTA-6 P& 4bFE (B3 100 mg - L' 15 mg-L™'48) 5
XF R A 22 S ik B 25 (% 3) o 7E PEPCase HY{
P |, DCPTA ([ 100 mg - L™"#}) il DTA-6 4% 4b 33
5500 PR 22 S 3k 3 1 2, L R (B 34 1 IRAE 20 myg -
L~ 'DCPTA 4bFEF1 10 mg-L~'DTA-6 4hFH
2.4 DCPTA #1 DTA-6 S AEMHAMHEZERKSE

KR E

MF 4 /341, DCPTA Fil DTA-6 4B T K&
i PS I 5 RO 280 (Fv/Fm) (PS I &L+
P (OPS I MG A8 (oP) , H 34 5 80 i i
2k, Hoh DCPTA b PR AE 20 mg - L™' F,PSTI
BRI RCFE (Fv/Fm) (PS AR 77 & (DPS
I1) FOCAL =K (P ) Y3k 30 Je i, HoxF BR 43 30 1
T 11.9% 32.1% F135. 5% ; DTA-6 Kb 3k f5 1F
10 mg - L™ R, PS T KOGAL AR (Fv/Fm) (PSTI

2¢3  DCPTA Fil DTA-6 %} K5 i H PEPCase
F1 RuBPCase 7519 5 1)
Table3 Effects of DCPTA and DTA-6 on PEPCase and

RuBPCase activities of soybean leaves

PEPCase RuBPCase

Ve B
LI‘IE{Z&E /p,mo] COZ *h -1, /}Lmol COZ hfl . mg’l

Treatment/mg * L~

mg ! protein * protein

0 4.21b 38.68 b

10 5.21 a 41.01 b

DCPTA 20 5.19 a 42.35 a
50 5.36 a 41.26 b

80 5.12 a 40.08 b

100 4.8 b 39.68 b

0 4.21 ¢ 38.68 b

5 4.52b 38.68 b

10 4.67 a 39.97 a

DTA -6 20 4.57b 39.68 a
40 4.58 b 39.45 a

100 4.28 ¢ 38.74 b

AR T (OPS 1) DG A 13K (gP) #4352
e, X HR e BIBE TN T 8. 5% (42. 7% F143.4%
Ak VK (qN) 7F DCPTA il DTA-6 4b 3 J5 i H
FRAREIE AT R S VT Rt 2 s 4k, Hod DCP-
TA(20 mg-L™") FI DTA-6(10 mg-L™") b3 i 4%
T R A A% Ab 2 X —72 46 5 PS 11 e KOk 2
R (Fv/Fm) (PS8 H 77 1 ( Yield ) FDGAL
PR (qP) B2 .

# 4 DCPTA I DTA-6 Xf KGR 4 K9S HUM
Table 4  Effects of DCPTA and DTA-6 on chlorophyll fluorescence parameters of soybean leaves

PS IO ERCR PSTT AR T =& JeAbAE R IS A=l U3
b 3 e i Maximal photochemical Effective quantum Photochemical Non — photochemical
Treatment/mg * L -1 efficiency of PSI yield of PSTI quenching coefficient quenching coefficient
Fv/Fm Dps qP qN
0 0.715 ¢ 0.368 e 0.564 d 0.564 a
10 0.767 b 0.413 ¢ 0.702 b 0.493 b
DCPTA 20 0.800 a 0.486 a 0.764 a 0.401 d
50 0.775 ab 0.442 b 0.748 a 0.496 b
80 0.784 ab 0.420 ¢ 0.684 b 0.454 ¢
100 0.718 ¢ 0.393 d 0.634 ¢ 0.523 b
0 0.715d 0.368 e 0.564 e 0.564 a
5 0.754 b 0.473 ¢ 0.711 ¢ 0.491 ¢
10 0.776 a 0.525 a 0.809 a 0.466 d
DTA-6 20 0.733 ¢ 0.502 b 0.767 b 0.483 ¢
40 0.761 a 0.473 ¢ 0.718 ¢ 0.497 ¢
100 0.721 d 0.438 d 0.680 d 0.532 b

2.5 DCPTA 1 DTA-6 3tk Stk s 4 EREE

25 70, DCPTA il DTA-6 AbBEAT 1) b 240 2
KRG b 3BT HE R TEMSTE, Hi,
DCPTA ZbHEHBEFE 20 mg - L™ R, Bk Al ) i 2

KBy, X R Bl 3 1 17. 2% 10 29. 5% ,
DTA-6 Kb R BEFE 10 mg - L™ R, Bk Al ot 2y
INEIE R, HO FE AR50 T 19.3% #135.3% . 1
e AU BE R LA L i A B 0 39 o alg A AT R v A
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A LR R ARG P 2 A A R e
3 gL I DCPTA fl DTA-6 AR 248 5 Tk o
JTE

R Fr (065 7 TR R IE B A ) Jot 2
ity , T A 1 7 B ) T B R, 90% ~ 95% YA
BLIR F A PR BRI £ R R D
TEAVEY) = 1 e T B R O A AR R/ B AR
WA A R B AR . A BTSSR IR T R O

MR AR BGE TR A MR X S8, &
KGAEMR A Y) 2 3, R WU 2L TG R
JFi4n DCPTA il DTA-6 fE 4% 4& = K 50 7= & ek
A . BFFT s SR 5B S E P4 I e Ak
a1 A R (S /B U SN
—.

#5 DCPTA 1 DTA-6 X K S i AL W k52 )
Table 5 Effects of DCPTA and DTA-6 on heights and biomass of soybean

T s L R .

Shoot biomass Root biomass Total biomass
Treatment/mg * 17! Height/cm

/g * plant ™! /g * plant ™! /g * plant 7!

0 33.7 ¢ 1.32 ¢ 0.24 ¢ 1.56 ¢

10 37.2 b 1.47 b 0.28 b 1.75 b

DCPTA 20 39.5a 1.68 a 0.34 a 2.02 a

50 36.6 b 1.49 b 0.30 b 1.79 b

30 35.7 be 1.45b 0.26 ¢ 1.71 b

100 34.2 ¢ 1.39 ¢ 0.25 ¢ 1.64 ¢

0 33.7 ¢ 1.32 ¢ 0.24 ¢ 1.56 d

5 37.3b 1.48 ¢ 0.30 b 1.78 be

10 40.2 a 1.79 a 0.32 a 2.11 a

DTA-6 20 39.1a 1.61 b 0.28 b 1.89 b

40 36.6 b 1.44 ¢ 0.26 ¢ 1.70 ¢

100 37.6 b 1.59 b 0.29 b 1.88 b

MR F RO Y I RN REOL A AR,
W R AEY R & & 51566 s R % VM
FeH AR W] DCPTA il DTA-6 4b B i 3 42 =
TREM LR S AR a It E b 1H
i, AR T 4R EK a/b Y LA, 8] DCPTA F1 DTA-
6 AhFREEE T LR E b A M. BUSIS T o i
R R R S R A RS A EY L R —
L HM4EE a/b 1 HE Y AS LS James 255 BF 5
SERANIE], Al i1 F DCPTA Ab#Hg 3t & Bt i h
Chla/b A& #2514k, A DCPTA 4b 3t 4% 2 FL R
S TSR AR ARG K 25 5 A 2 o — 2
Chla 5, Chlb 4 i .

RuBP SR He e CoAE Y E A Ay il #n
BRI S Tl , GO PR R B PR AR 7Ok R
FE—E JE PN RuBP SR ALEES P 5 6 Al R R 4tk
ET SR 9K e T (o NS 1 1 A Y U o
JE5E F, RuBP SRALEHE M5 A RCR R IEME, O
ARCRS I Fh RuBP B2 ARl 7 2t 52 0E ARG, i
F 1 RuBP B AL & i 57 i th % V)&, DCPTA
F1 DTA-6 Ab¥E 5 42 5 T K5 i RuBPCase 975

P, X5 EA R AR A )RR I, b
BHTFELR S Keithly SE0F58 % B DCPTA AbHi i 2%
S 1R M A RuBP 3R 16 i B 3% 2 A [ A
PEP SR {LBE R IR CAEYIIRIML CO, /YOG B Ml , (ELA]
JTEMAEET Co Y R PEP R EEE C,
TP A I BV A T 20, F5E % B DCPTA
1 DTA-6 AL BRI DL 2552 5 7 K5 i RuBPCase
ORI e

PR PNGR WAl e i i GNP ei
WA TS TS A KRR BT . TR
W], DCPTA A [F] i JBE Ak B W 25 48 i i b PS T A
TR 777, DTA- 6 s 35 IR HE S 0L A 45 5
[, 0 25 2 a1 OPS [ RoR S PR fb sy 1
MDA KRR P, BRI AE LA K R R
qNo PLESERF BRI T W) Bl LAEAE PS IT %
2 FY IR BLEI 45 ATP I NADPH (7= 5 GEA% il &
FORSCHRFR AP 38 ST B R8I0 LA IS B4
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