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Analysis of photosynthetic physiology and genetic diversity in spring
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Abstract; Using 65 spring wheat varieties of different ages approved from 1985 to 2024 as materials, the pro-
portion of dry matter allocation during the grain filling stage was analyzed. Genetic variation, correlation,
clustering, and principal component analysis were performed on the main photosynthetic physiological indicators of
wheat, and a comprehensive evaluation was conducted. The results showed that there was rich genetic diversity in
agronomic traits among different varieties. The diversity index of 65 wheat materials ranged from 1.81 to 2.03, with

the highest intercellular CO, concentration at 2.03 and the lowest F /F, at 1.81. The principal component analysis
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transformed the eight traits into three principal components, with a cumulative contribution rate of 73.429%. Among
them, F /F  had the greatest impact on yield, with a contribution value of 0.923. With the advancement of the ap-
proval year, the proportion of dry matter in leaves and ears showed an upward trend, while the proportion of dry
matter in stems showed a downward trend. The yield showed an upward trend with the advancement of the approval
year, and the yield varied between 4 443.3~8 582.4 kg - hm ™ among different varieties. Based on the contribution
rate weights of the three principal component factors and the yield performance of wheat varieties from different
years, the following 10 varieties were selected: ‘ Xinchun 41’ | ‘Xinchun 31’ , ‘Xinchun 47’ , *Xinchun 40’ ,
‘Xinchun 46’ | ‘Liangchun 1354 | ‘Xinchun 37’ , ‘Xinchun 30’ , ‘Liangchun 1758’ , and ‘Xinchun 34’ . A-
mong them, ‘Xinchun 47’ had the highest yield (8 143.20 kg - hm™>) and can be used as a high photosynthetic
efficiency variety for breeding, utilization and promotion in Xinjiang region.

Keywords: spring wheat variety; photosynthetic physiology; genetic diversity; dry matter accumulation;

yield; Xinjiang
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Table 1 Source, breeding method, and approval time of experimental spring wheat materials

ST 2 FR LA (BKVR) Breeding parent (or source) ®wEHEHR i E ARy
Variety #}A Female parent XA Male parent Breeding method Validation year

E2S FEIE wE4S A FNGER I ol 1984
Xinchun 2 Sailuosi Qichun 4 Hybridization

Wit 5 JEHN 54545 TR 086
Xinchun 3 Sailuosi Qichun 4 Radiation breeding

HiH4s RIRFR HACHM

Xinchun 4 (151x74-6) x74-6 Woersen Hybridization breeding 1990
- = % JuRR D

WES S #6 6038 RIRH 1990
Xinchun 5 Fan 6 Hybridization breeding

B 6 7903 WRHFE2 T REH 1993
Xinchun 6 Zhong 7903 Xinchun 2 Hybridization breeding

BT 1 7906 R R 2 T AT 1997
Xinchun 7 Zhong 7906 Xinchun 2 Hybridization breeding

Wit 8 5 JeSE B R

Xinchun 8 o2 21-3 Hybridization breeding 1997
BE 9T . S1Fh

Xinchun 9 NS65 Introduced varieties 1999
B 105 BEAS FAHF
Xinchun 10 9-3-3X Xinchun 4 Hybridization breeding 2002
BiAE 115 w2 “on e PR 202
Xinchun 11 Xinchun 2 Hybridization breeding

BE 125 FAEHF

Xinchun 12 8021 7713 Hybridization breeding 2003
Wit 13 5 VR 5 1 2003
Xinchun 13 Canada white seed soft wheat Introduced varieties

B 145 PR T/ 22 B o 3 51 ro0s
Xinchun 14 Introdution of CIMMIYT Introduced varieties

- o [=] TuZR 2

B 155 Fs 3 24 85037 GRZERR 2004
Xinchun 15 F5 fan 24 Hybridization breeding

wE 165 93 %29 AT
Xinchun 16 86-268 93 jian 29 Hybridization breeding 2004
175 HE6 S FAHF
Xinchun 17 Xinchun 6 NS64 Hybridization breeding 2005
Bit5 155 Wil 4 5 oto e 200
Xinchun 18 Jiefang 4 Hybridization breeding

B 19 5 Bite 4 5 Bt s 5 SR 006
Xinchun 19 Xinchun 4 Xinchun 5 Hybridization breeding

Wi 205 Efo6s HATH M

Xinchun 20 Changchun 6 M85-30 Hybridization breeding 2006
B 215 A 946 HAEHF

Xinchun 21 Chun 946 N5-23-3 Hybridization breeding 2006
& 225 FAEHF

Xinchun 22 Tal 1265 Hybridization breeding 2006
B 235 . - 5%

Xinchun 23 KAMBARATI ( Introdution of CIMMIYT) Introduced varictios 2006
i 245 HHE1E WH S5 HAH R 2006
Xinchun 24 Bachun 1 Hachun 5 Hybridization breeding

B 255 B 6T WACH

Xinchun 25 Xinchun 6 3@/ Hybridization breeding 2006
Bits 26 5 Bt o 13 W65 T -
Xinchun 26 Xinchun 9 Xinchun 6 Radiation breeding

- = A= _ JuRRD

e 25 91182299 R 214 RIRH 2007
Xinchun 27 High generation series Hybridization breeding

i 28 5 E5] 17 5% AN i S M B 51 Fp 2007
Xinchun 28 Introduction of CIMMIYT Introduced varieties

1295 FiILBE R 8556 v s S FH 200
Xinchun 29 High generation lines 85-56 Hybridization breeding

HR S 5 THE 105 e 1 FAEHF 2008
Jingiang 5 Liaochun 10 Jingiang 1 Hybridization breeding

#4530 5 Bt o Witk 5 L 2000
Xinchun 30 Xinchun 9 Xinchun 6 Radiation breeding

B35 FAHF

Xinchun 31 12-25 96-3 Hybridization breeding 2009
. o N = JuRR R

E%ﬂﬁ; 97-18 7]<§‘11 5 jﬂgﬁﬁl ' 2009
Xinchun 32 Yongliang 11 Hybridization breeding

B335 HES B 6T Lo RERL 2010
Xinchun 33 Xinchun 9 Xinchun 6 Radiation breeding
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Continued table 1
SRR 4 TR SEAR( ﬁ%{ﬁ) Breeding parent (or source) HHHH B
Variety F}7R Female parent 7R Male parent Breeding method Validation year
it 345 I H T
Xinchun 34 88(13) Sxad Hybridization breeding 2om
e 357 [ 96-4870 93 %29 R H 2011
Xinchun 35 Ba 96-4870 93 jian 29 Hybridization breeding
B 36 5 T/INFE 21-6 PGB VY. HECH 2011
Xinchun 36 Spring wheat 21-6 Imported black wheat Hybridization breeding
k315 L] AR
Xinchun 37 May-49 Yemao Radiation breeding 2012
3 < =] FURR BN
ik 38 5 7212 97-46-3 HRIZEF 2012
Xinchun 38 Yuan 212 Hybridization breeding
Wit 395 B Je NS64 HE 8T WA H 2012
Xinchun 39 Egypt NS64 Xinchun 8 Hybridization breeding
Wi 688 AT
Xinhan 688 201210 Y-5 Hybridization breeding 2012
B 405 koS . AR
Xinchun 40 Xinchun 6 Uc1o41 Radiation breeding 2013
Btk 415 . A H
Xinchun 41 Hiol 8501 Hybridization breeding 2013
HOR T 5 A3 701/ /0K 33 HR 2 5 HAFH 2013
Jinqiang 7 Dongfeng 701/ Xiaobingmai 33 Jingiang 2 Hybridization breeding
Wik 425 AT
Xinchun 42 2001-29 12-3 Hybridization breeding 2014
v o P b 2 g L g
7 2038 BPRICHR S 4 BRGSO S
; TK95-3 Hybrid offspring of wild Leymus Chinensis L . 2014
Ning 2038 . Hybridization breeding
and Ningchun 4
Wit 435 0033 Bt 6 5 S AR o1
Xinchun 43 Xinchun 6 Hybridization breeding
B 44 5 AT
Xinchun 44 17-1 Yn=76 Hybridization breeding 2015
; =) w3 B S As
455 2001-54 2E3 5 Kt 2015
Xinchun 45 Wuchun 3 Hybridization breeding
B 46 5 12-2 B 14 AT E A 2017
Xinchun 46 Xinchun 14 Radiation breeding
Bt 47 Bk 7 Bt 21 AT A -
Xinchun 47 Xinchun 7 Xinchun 21 Radiation breeding
WA 48 5 WA 18 ZACH A
Xinchun 48 Xinchun 18 PO3J1/34 Hybridization breeding 2017
2 = 2 JuReD
Bt 49 %5 97-46-3 it 11 ARSCEM 2017
Xinchun 49 Xinchun 11 Hybridization breeding
$it5 50 5 Bt 22 0515 S FR o
Xinchun 50 Xinchun 22 Hybridization breeding
&S B4k 90202 B 11 5//7K 3119 Z ] 2017
Xinchun 51 Annong 90202 Xinchun 11//Yong 3119 Hybridization breeding
W 1242 ASEH
Liangchun 1242 oHIS C-172 Hybridization breeding 2018
A 1201 BE6% Wt WEH 2018
Liangchun 1201 Changchun 6 Xinchun 6 Hybridization breeding
W4 12136 Tt Hide 255 IR H Bl 2018
Qichun 12136 Wumang Chunzao Xinchun 25 Hybridization breeding
¥ =] ) FURR B
HE 115 S06K-16 S08 JL2% 109 FZERR 2018
Jingiang 11 S08 yuanjian 109 Hybridization breeding
Bt 137 B 115 I H T
Hechun 137 plot 9787 Xinchun 11 Hybridization breeding 2018
L5 1354 el
Liangchun 1354 p03J 47x93-43 Hybridization breeding 2021
KA 1571 A 295 HE 105 A 2022
Liangchun 1571 Xinchun 29 Xinchun 10 Hybridization breeding
i 1522 o613 Biti21 5 S FR o
Liangchun 1522 Xinchun 21 Hybridization breeding
TURRE
AJ1 1881 MR 64 H221 RCHAT 2022
Heli 1881 Xiong 64 Hybridization breeding
3 3 =} PAY
A 1738 092/52 %265 RERA 2024
Liangchun 1758 Xinchun 26 Hybridization breeding
BB 185 HHE 95 Y-20. %
125 Bk 105 Bk 15
MR 1725 EWINAE 5 R 6 SRR 27 5 HAH 2024

Liangchun 1725

Dwarfing-sterile wheat

Xinchun 18, Xinchun 9, Y - 20,
Xinchun 12, Xinchun 10, Xinchun
15, Xinchun 6 and Xinchun 27

Hybridization breeding
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SPSS Statistics 26 Fl1 Origin 2021 #4788 71 FIE
Kl 15 Shannon ZAEPESEEL, W] /0 B MR, 1 )
<X-26,10 H>X+25, a9 [H] 25 0.58, X AHEIR
YA, S R hr U2 0 T A — G A A R
(Pi) R EZHAEFEE(H) o

2 R0

AEEREFNERMASHENFEITSHT

SPAD EARF M b i 2 25 5 i I AH XV, AR
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Z 8] FAB AR BN, A8 S R, Py S
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Table 2 Genetic diversity of main photosynthetic parameters in wheat

P T,

GS

M AR C X i i an
em” em” em” F /F F,/F Pl
Index SPAD /(pmol + m /(mmol + m /(mol - mol) /(mol + m ™ o/ f'm abs Average
N o5 a5
YIH Mean 55.72 18.41 11.76 317.34 043 0.84 0.16 16.10
ARAY 3
xﬁ;ﬁ 48.50~63.09 11.00~28.09 7.13~15.31 283.19~355.15 0.30~0.58 0.83~0.86 0.13~0.17 11.41~23.29
SD 227 321 1.58 15.67 0.05 0.01 0.01 2.34
CV/% 4.07 17.43 13.41 4.94 12.18 0.68 443 14.55 8.96
SRR B 1.96 2.02 1.98 2.03 1.97 1.98 1.81 1.99 1.97
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Table 3 Main photosynthetic parameters of spring wheat in different groups

1980S 1990S 2000S 2010S 2020S 2030S
i 52 4518 Approval year

1980S 1990S 2000S 2010S 2020S 2030S
#1 52 4£10 Approval year

P,/ T, C, c,
Be4l A MR ! ' ' ’
Group  Number S (pmolem™  /(mmolm  /(pmols /(mol-m™  FU/F, o F/F, P,
-s™H -s™h mol ') cs7h)
I 12 55.62 16.66 11.32 331.28 0.44 0.84 0.16 15.51
I 7 56.60 14.26 9.97 347.43 0.41 0.84 0.16 13.83
I 45 55.61 19.31 12.16 309.69 0.44 0.84 0.16 16.65
v 1 55.61 28.09 11.57 283.19 0.46 0.84 0.16 14.08
2 ,l@ y=0.02x—21.76 2900w y=011x—181.02 507 ()  y=—0.13x+30279
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Fig.2 Changes in the proportion of dry matter in different parts of spring wheat varieties approved in different years
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Table 4 Eigenvalues and eigenvectors of

the principal components
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Fig.3  Yield performance of spring wheat varieties

approved in different years

R FHGr1 EMST2 FHUR3
PR e o .
. Principal Principal Principal
Trait
component 1 component 2 component 3
F./F, 0.923 0.118 0.081
F,/F, -0.901 -0.162 -0.115
Pl 0.641 0.412 0.107
C; 0.021 -0.802 0.479
P, -0.110 0.767 -0.387
T, -0.333 0.717 0.451
G, -0.368 0.470 0.656
SPAD 0.171 -0.042 0.540
FHF{H Eigenvalue 2.362 2.178 1.335
5 2E5THRAR Contribution rate/%  29.524 27.219 16.686
H 5k /0
HIF TR % 29.524 56.743 73.429

Accumulated contribution rate
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Table 5 Comprehensive score and ranking of

the top 10 wheat materials

A R A He44
Variety name Comprehensive score Ranking

Hi#: 41 5 Xinchun 41 -8.37 1
B 31 5 Xinchun 31 -8.93 2
B 47 5 Xinchun 47 -8.94 3
FiE: 40 5 Xinchun 40 -9.52 4
Fi# 46 5 Xinchun 46 -9.70 5
Hi# 1354 Liangchun 1354 -9.74 6
Brd 37 5 Xinchun 37 -9.76 7
Wi 30 5 Xinchun 30 -9.79 8
#% 1758 Liangchun 1758 -9.95 9
#4345 Xinchun 34 -10.18 10
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