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Correlation Analysis between Photosynthesis and Yield of the Leaves at Different
Positions of Safflower

GUAN Ling-Liang, WU Wei* ,ZHENG You-Liang,and WANG Tao
(Agronomy College of Sichuan Agricultural University, Ya’ an 625014, Sichuan, China)

Abstract: On fine days, photosynthetic characteristics of the leaves at different positions in three safflower varieties were
monitored using portable LI-6400 photosynthesis system, and correlations between the net photosynthesis rate and the yield,
agronomical characters were analyzed within 16 safflower varieties from 7 different countries. The results showed that
maximum photosynthesis rate ( P, ), light compensation point ( LCP), light saturation point ( LSP), dark respiration
rate (R, ), apparent quantum yield ( AQY) were in upper leaves > in middle leaves > in lower leaves. Light-
photosynthesis curves indicated that the photosynthetic rate of all the leaves decreased significantly under the high light
intensity except the upper leaves of PI 401470 and Chuanhong 1. And under the low light intensity, there was no marked
difference between the photosynthetic rates of the leaves at the different positions. When the PFD exceed 400 pmol m™>
s™', the photosynthetic rate of the upper leaves was significantly higher than that of the lower ones. The diurnal variation
pattern of photosynthesis was different in the leaves at the different positions and in different varieties , the time to peak and
the value of peak were also different. The upper leaves of PI 401470 and Chuanhong 1 showed a single-peak curve, and the
others showed a double-peak curve. Diurnal changes of the photosynthetically available radiation, air temperature, relative
humidity, vapor pressure deficit and CO, concentration in the air all showed a one-peak curve. The analysis of the upper
leaves at flower bud stage showed that P, had significant or highly significant positive correlations with flower yield per
plant, 100-seed weight and the diameter of top fruitball. Safflower breeding for high photosynthetic efficiency would be an
effective way for improving the yield.
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1.1 #hk##

BRNLL 1 S R 2 A R =0
2l ER L RAAN , R 15 MR R (R) B 3%
& Germplasm Resource Information Network ( GRIN) A9
Dr. Vicki Bradley 1, 735 5% & BN B | 58 & A o =
FTPERGER ) TIN5 HEZ T )1 Al R
o PR SL 56wk [R) 5 b o 3 1l B R B, o 2k
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Table 1  Variety number and the origin of the tested safflower

o U5 e mA(R)RS
Origin Code of variety (line)
H[E China PI 544028, PI 543995, PI 544001, Chuanhong 1
ENJ¥ India PI 306959, PI 306995
L Bengal PI 401470
% X Egypt PI 306595, PI 306601
57+ Sudan PI 305528, PI 305532
% [E America PI 560167, PI 560203, PI 560201
28 P4 B Mexico PI 537111, PI 537110
1.2 HELE

& F 2005—2006 47 PO )I| &k K 2 4 31
BT, R MATEE R ERK, LIEF R, B+
%, RAMHIXHEIT, ZEE 3K, BAEITIER, 7

T 60 cm, 4T 20 cm, XHE 20 om, &/ Fh 2 17,47
K2m, HHKEEH, RIFE&/DX TERE T ME
B, ERABKE,REXTERE, HEE
P RO R B R E TR BR B L PR RR B R R
BMRAFRLEE R ZHERTE S o

1.3 WEFE

1.3.1 R4&%ERB ez 2005 4 5 A %1,
BREIWAE =, TLAEEB, RHEEM™ LI-6400 f§
# X6 A (A H 8] 75 4 2 PI 401470, P 306601 A
RN 15 3 Lie i (R)MN BT HEE 6 firt
(b)) V88 12 it (R Az i) (56 18 iz it (R AL
A ER (P, , umol m™ 2 s™') H A4k, I [F 25 W
EFARNIESHE LR FEE%E (PFD, pmol m™*
s ER CO, WE(C,, pmol mol ") 10X} ¥
(H,,%) SI&(T,,C)EMA4. M 7:00F]19:00,
BRE2 h WE 1R, BIR& M (GR)ERES bRHEER
WA — B AR AT EE W E , BOEHE.

1.3.2 X pg W& (P-PFD), AN ¥ T &% %
(AQY) B ig "% R ik F (R,) & 0| =& % F LI-6400
Y& RETE CO, HEE N 350 ~ 360 pmol mol ™", MR
4 28°C £ 1°C T A A£M =& PI 401470 PI 306601 LA &
JILL 1 5 3 AN 4e b fl (R) Bt ma B fli £k (P, -
PFD), PFD J5FE 4 0 ~2 000 pmol m™>s™", [A] 9 B3R
oA R AN RME R, 2l &R ) B B AR A 7 A
REPARWE T RFE(AQY), PFD 5 0 BHH) & B
F(P,) % % {H BY 2y B 0F % 3 R (R,, pmol m™’
s~HM,

1.3.3 16 MaieRtr (&) L3Rt A Lak Fam
R EBEHEEBHMRR,ENESEFREEN
[F] — B B (9:00 ~ 11:00) M 7€ 16 NLLAEMFF(R) b
R A A A, I A 25 e e A AR S
Fo BMRM(R)ES Aok, 8 AR S w)illE
1B, WAk AR, B 15 WRERIE - 31E

2 GERESWH

2.1 AERKWHREERFHEN
KRR, b AL BT A& R R
ZRANEE B HE R B E R 5E R
F(E 1), 7:00~19:00 S & ¥ i@ & % & ( PFD) \ i
MKRETEH(VPD)  E AR E (H,) =S
CO, HPE(C, K H ALY N “Hg” i &, PFD %8
ALYE B FE 270.41 ~ 1635.32 pmol m™> s™',7:00 &£ 47
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B®fK,13:00 ZA B BEE, ZEBW TH; T, FE
%3] PFD W% W (R = 0.895), H 8L B 7
20.10 ~34.21°C2ZJ8],7:00 72 4 B A, bbb 6 58 5t
56 ) T 3 o A B T, B 13:00 £ Bl R
B, Z GRS R RS TR 8 TR, H, AR
EHAEES PFD R T, 4 5 2 B & MR 8 E 7%
(R,=-0.79,R,= -0.91), ¥£7:00 £F H, &,
H168.49% , W5, WEE T, B I+ ol 2 T R, B

11:00 224 M2 B AK{E 35.38% , 2 G FEE T, BT
XA BT BT, WM#EREZE VPD 5 PFD. T, 47
HEREMKEEFEMERX(R =0.77, R, = 0.97),
5H EWMBEAMAX(R= -0.94);C, LWEHH
AR H L HR, N RIF R B #T AR, 16:00
AR B BAGE, T )5 B A [ F, 25 18 78 364.794 ~
424.511 pmol mol ™' Z[A], H ZBALIE AR K.
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Fig.1  The diurnal course of ecological factor
(A) : RRIRBE(T,) ;(B) B FEEHE(PFD); (C) : BSAHMBEE (H,) (D) MR E 2 (VPD) 5 (E) : BR CO, E(C,),
(A): Air temperature (T,); (B): Photo flux density (PFD); (C): Relative humidity (H,); (D): Vapor pressure deficit( VPD) ;
(E): CO, concentration in air (C,) .

2.2 3N EmM(R)RAEMAMH A P, 3 PFD
B Mie) J82

3P (R) AR AL B P,- PFD W
ML £ ANl 2 TR . FE G I FE Y PT 401470 1)1
15 B T B R EE M A, T PI 306601
TEEIRIE T4 1400 pmol m™ s LUGHE A F R
POHIEEMAE N 1417 pmol m™* 571 FEE IR

T, %64 BN PL306601 > P1401470 > 1[40 1 5,
ULEA PI 401470 F1)I 40 1 5 b A7 By F XF 38 )6 A9 35 BL
BE 1558 , T PI 306601 7E3E& B A 63 T B A R
BK.
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THEHEMIEWMS, EXBEBMELE P, IF
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Fig.2

Response of P, to PFD of the different position leaves in the different safflower varieties

(A): B 5 (B) : M5 (C) : LMo (A) :upper leaves; (B) :middle leaves; (C) :lower leaves.

HIZR 2 A5 A AN F ML S A ek
R RS E RSB AL T RS, 254G
HEGE R, ROLE T, B P T M P, ZR

/N, PFD #8353 400 pmol m™*s™ "B}, FA7AAY P, BH
BT~ s L O ALy

x2 AFAELERM(R)FRREMEAEHMEIEERMIMEER MR ELaEE

Table 2  Light compensation point ( LCP), light saturation point ( LSP) and maximal photosynthetic rate ( P, ) of different leaf positions in
different safflower varieties (x = SD, gmol m~?s™')
o ~
A (R) LA
P
Variety(line) Leaf position Lep Lsp e
PI 306601 % " Upper leaves 59.27 +1.26 aA 1417.87 £3.15 aA 26.51+0.19 aA
1437 1 Middle leaves 30.63 +0.49 bB 1130.17 £2.51 bB 7.73+0.55 bB
T2 M Lower leaves 11.72+0.31 ¢C 617.27 £2.73 cC 6.82+0.16 cC
PI 401470 b7 Upper leaves 75.33£2.17 aA — —
47 1 Middle leaves 45.43+1.32 bB 1231.36 £ 4.11 bB 12.44 £ 0.79 bB
F i Lower leaves 37.56 £0.74 cC 631.18 £3.82 cC 8.62+0.26 cC
Chuanhong 1 iz Upper leaves 138.62 £ 1.26 aA — —

F i i Middle leaves
T Lower leaves

70.51+1.17 bB
61.512+£1.26 cC

1167.26 +£3.62 bB
687.29 +2.84 cC

11.62+0.78 bB
10.31+£0.45 cC

B—ZHPAFAKNEMRE FRPMNFRIE 1M 5%KF LERBE,

Values followed by a different small and capital letter within a column are significantly different at 1% and 5% probability levels, respectively.

2.3 RYUBFUE(AQY)REEVFRERE(R,)HILLER

W EFRR(AQY) BV A7 % & + [F] 1k [ /& 1Y
CO, 43 T4, BB E A P L RB % fL B KRR 1) —
FEE, W LLE# R O A PLRE R A, B3R 3
FIEN, &5 dFp (R ) [E 33 DL B AL ) AQY B K, H
AEER, T ERAR . B R AQY FE S AN (FR)[E]
£5% B3, H PI306601 > PI 401470 > JI| 4L 1 5, 1
PI 401470 FI)I£L 1 S TR R 9 AQY BE R/ T
PI 306601 , B H AT A BRI GE RETT

M P I 8 32 (R, ) 2 48 B o7 B[R] BA 43 BT B 19 4
YIS0 B B CO, B, 2 B ) 4 4Bk 4
Mo A R ARG B R I ) — A8 bR o 7E PFD 2R 0 B Y
HObA B A4 X E T AR I B RS PRI A, N[
MALE, R, 5 AQY B K/NBUF AR R o 1568 b A7 ¢
T AERKERRE, EATFHFLBHBE. &6
MR R, LA 1 5 &K, Pl 401470 H K, PI
306601 &/, HaM (R)EERBE.
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F3 FTELAEEM(R)FEMHUNRUEFHE(AQY) MEMFRERE(R,)
Table 3  Apparent quantum yield (AQY) and dark respiration rate ( R, ) of leaves at different positions in different safflower varieties

i (R) £ AQv Ra
Variety( line) Leaf position Q (p.mol m-2s"!)
PI 306601 % " Upper leaves 0.0507 +0.0117 aA 3.005 £ 0.0121 aA
1437 1 Middle leaves 0.0252 +0.0102 bB 0.772 +0.0081 bB
T2 M Lower leaves 0.0262 +0.0113 bB 0.307 + 0.0068 cC
PI 401470 LM Upper leaves 0.0405 + 0.0104 aA 4.051 £0.0225 aA
1437 1 Middle leaves 0.0361 + 0.0096 bB 1.531 +0.0132 bB
T AL Lower leaves 0.0337 £0.0113 ¢C 1.356 £ 0.0107 cC
Chuanhong 1 _EA2 M Upper leaves 0.0399 + 0.0091 aA 5.531+£0.0251 aA

F i i Middle leaves
T3 Lower leaves

0.0360 + 0.0121 bB
0.0357 £0.0114 cB

2.538 +0.0107 bB
2.196 +0.0115 cC

Bl R FIIME + AR (n =3~ 5) , B—S P ARK/DNERRE FRGHERRE 1% 5%KF EXFBE,

The date were the means + standard deviation of 5 separated determinations, values followed by a different small and capital letter within a column are

significantly different at 1% and 5% probability levels, respectively.

24 FERERFEXGERNBRXSN

RARW, TG ERAFERE T EH —E
AR, AR R AL R HRBEEMAR. o
St AR 9 BE B OR TR AN 6 & SR AT 3 T 0GR Y
BEHERMEZRER, T LOGE Rt 6 & R A

5 PFD ¥ ERERMEHFEMK. BEEEEN
e 1R R — R BB AL 2 SRL, AT 52 0 't
RN NRAWTLUENM, T, 5 P, ZEIEMHRER
R, BREBEKF, 55 P, 5 VvPD BIEMHRK, 5
H f ¢, BHARR B REKEEKE

HF o MR PBATLIE S, LA FAT R P,

F4 FELCEGM(R)FEMHUEXSEXZSHREEFEHHEXIH
Table 4  Correlation coefficients between the net photosynthetic rate and the ecological factors of the leaves at different positions in
the different safflower varieties

=] I+ iva
i () T VPD T, c, H, PFD
Variety Leaf position

PI 306601 Upper leaves 0.4811 0.4175 —-0.3986 -0.5289 0.8042"
Middle leaves 0.2326 0.1772 -0.0014 -0.3775 0.7611"
Lower leaves 0.3418 0.1430 -0.2899 -0.5790 0.7565"

PI 401470 Upper leaves 0.5791 0.5866 -0.3057 -0.5522 0.9175* *
Middle leaves 0.6904 0.5698 -0.5370 —-0.5988 0.8011"
Lower leaves 0.4793 0.4406 -0.3439 - 0.4986 0.7730"

Chuanhong 1 Upper leaves 0.6643 0.5861 -0.6475 -0.5736 0.9413* "

Middle leaves 0.4952 0.3250 -0.7497 -0.3934 0.8248"
Lower leaves 0.4746 0.3574 —0.5749 - 0.4439 0.8031"

LY BIFERAE 0.05 F10.01 KFE EBE,

*,* " represents significance at 0.05 and 0.01 probability levels, respectively.

2.5 3N ELM(R)FAAMHEHRFHXEER
(P,)BE

3ANLLAE MR (R) A F it 47 /Y o6& B3 H A2 4k
WA 3 s ARG CR) ML Z 8 3 2 3 A
G A=

& 3-A 24 PI 306601 /) P, H A4k, &AM A
9 o A ) X0 ity 4%, L HG 0 (B AR A s I Y I )
MANEHERNZER. 561 EYHIAE9:00 £F,
B EE T, E{E 5 54 25.043,22.807.12.121 pmol
m s, ERERE R P, RSS2 W BLTE 13:00 A2

£ WA 4> B4 27.176.14.319 pmol m™> s~ ', T F &F
MR EHBLAE 15:00 A4, {EH 6.634 pmol m™’
s™'o FFH EFRM LIS 2 gk E i, T P LR
FHLIEE 1 g, 11:00 Z£4 , £ H A
P, b FARA, HAH 4 54 20.239.14.347 pmol m™?
s, T T AR A BUAE 13:00 A

P1 401470 M1 £ 1 51 P, H 22 4LAE L (& 3-
B, 3-C), LARAt r Rl £, T P LR A R
XU 2 o 2 A Bl (R) L AR F A 6 {5 45 s BR7E
13:00 =245, 4391 R 27.743 F1 19.369 pmol m™* ™'
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HOUR R R R AR 9:00 224, AR A Y
B 43 %1 A 14.808.18.946 pmol m™> s~ "5 F E M A
A 43 5 4 14.035.12.714 pmol m™* ™' YR I H
LAY B 8] AN R, B ER b AR 1300, W fH 4 3 R
14.623.12.598 pmol m™* s™'; FH A A 7E 15:00 £
£, E{E 45> H14 9.249.8.219 pmol m ™ s~ 11:00 &

30
25 A
20
15 4
10

59 é/
0 1 T T T T T T T T T T T -~ 1
7 8 91011 1213 14 151617 18 19 20

—B— Upper
--#--Middl &
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P, (umol m—2s—1)

—5

P, (umol m=2s-1)

4 PL 401470 &R A 14 1 SR TR A
P, ¥4 FARA, 2 B4 13.623.6.678.4.375 pmol
m~*s™', T PI 401470 9T FBA A WI7E 13:00 5 FK
A, N4.677 pmol m™ s HBLAT WL, EHF P, T
VeSS, BERH LAY T B, P, 18] T A 3 3 B IK 52 19 BB
HhEZ TR
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TELERM(R)EXLEGEE(P,)HELBL
The diurnal variation of net photosynthetic rate in different safflower varieties

(A) :P1 306601 ;(B) : PI 401470;(C) : Il 4 1 %5,
(A) :PI 306601 ; (B) : PI 401470;(C) : Chuanhong 1.

SERBEERIN, FENEN SR, P, EH L
Firt > AL > F AL, AFE A (R)E L HE
M A H 35064 B A PL401470 > P 306601 > J1|
215 T AR E EE R PL 401470 > )1
4115 > PI 306601,

2.6 XEEEEFRARESFERZERBEEX
3

Y)Y & RN Z T 5 H 1 1w, 5] B
EZERRFHRE . B ESHarA, EALH
GA BE 7B LAt b7 3% , BT DA 7E AN PA b A7 it R AT

ST TEiEXE 16 MLLIEM R (R) EFM FOEE £
HH 757 & MoK SRR (R S)
KUY e ERGEBER A REZEEREE
MIEMRKR, B TR Co, FKKHE A E
18, ALK TT 56 a B R AR R KRB
ER=F5FENERRKEERYEZEMRL, Hp
HSERET R AREMTRRERNMHLEEE
Btk B E K, TS5 E ARG HEEHARE. W
b, B F B B A AR AL AR AR (R ) AT
AER L0 B = I — DA ROE R

R5 XESYSFERBIRZERMEXSH
Table 5  Correlation coefficients between the photosynthetic parameters and the yield, agronomy characters
RASE EBE¥ R B BHREFRE ARE RRER BERBLEL PR B BREL
Stomatal Transpiration Yield per plant Flower yield 100-seed Diameter of Number of seeds Number of total

conductance rate e'd per plan per plant weight top fruitball per fruitball fruitballs per plant
Net Photosynthetic rate 0.92 0.95 0.55 0.78 0.70 0.68 0.48 0.27
ARE 0.97 " 0.59 0.65" 0.64" 0.62" 0.43 0.38
Stomatal conductance
ARl A 0.57 0.67" 0.66" 0.64" 0.46 0.34

Transpiration rate

LT A BIFRRTE 0.05 #10.01 K ERFE,

represents significance at 0.05 and 0.01 probability levels,

respectively .
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3 itig

3.1 gEMXEHY

ARBEREZWH, LR FR SR (R) R £
R AR REE R, A B AL, AR & F
(R)AE A7 R I A A 0 R, B3 3 04 {8 AR
A Bt R AR /MR AR . BT AR LT 5, R
EWT E KA H A — 8 SR B ORI R, 45 i
() T AL B9 Ry il 2% 28 L P 46, 7235 B 6
WMEUE, CAEEHE T, 94 11:00 &L
f,tEFHEERE(PFD)E LT 1 600 pmol m™?
s R TG , BET BR PT 401470 Fi)il 40 1 5
BB Ah B TR IRES o B R AR,
HE PFD A RESBAE TR W EERHE. H
KA iR B, PFD Xf P, B2 A B K, HoAH 338
B3 R B E K.

R4 SR 251 76 BF 93 P RO & 45 1 A A R 3 AR
AR A (R ) TEAR [F 3R 58 o6& et A [ B R R AT
RESMM(R)FERX LT ELEFAE 5F5%
HAEMSGR., CARREN, B TAR NI E
BREEMARK R, TERE R BEFERTF
FON IR 204 , BT B M B 0 M A8 4L Bl 4k B0 5 60
FRUAARRI LM (R) FEA R A, 66 /AR
] 9 J R T BB A 5 W Al (R ) JEL 7= b DA B i (R ) ¢
PEA 5%, P1 401470 3k B W9 B9 & Iz, 5 5 E A
P B B AE O 50, B AFE G A AR AR R BCR A o
T PI 306601 3k E ¥ 935 &, o IR OB IR K
SESUNX AR RKYZESR, NIE N S m bR
IR B9 S B3R 45 , P1 306601 7] REIE i “4F 4K 7 Sk 182
BEH G E BEMEHE— SR

VAL IR A N M6 A R BB
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