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Abstract: In order to select excellent germplasm with high photosynthetic efficiency from Cyperus esculentus L., 40
C. esculentus L. germplasm resources were used as experimental materials to measure photosynthetic parameters such as gas
exchange parameters, chlorophyll fluorescence parameters, and chlorophyll content in C. esculenius L. leaves. Multiple sta-
tistical methods such as correlation analysis and principal component analysis were used to comprehensively evaluate and
analyze the photosynthetic characteristics of C. esculenius L. germplasm resources. The results showed that the coefficients of
variation of 20 photosynthetic parameters ranged from 1.23% to 48.51%. The highest coefficient of variation was found in
Pl (the overall functional activity of photosynthetic system Il , photosynthetic system [ and electron transport chain be-
tween systems ). Pl was in significant positive correlation with F /F_ (when :=0, the maximum quantum yield of the
initial photochemical reaction was obtained) , S, (receptor library capacity) , RE,/RC (the flux of electrons from a single
active reaction center to the electron acceptor at the I end of the photosynthetic system for reduction) , psi( E,) (efficiency
of electron transfer driven by a single exciton, except for the reductive coenzyme A (QA) ), phi(E,) (at the start of illu-
mination, the quantum efficiency of electron transferred from reductive coenzyme A to the electron acceptors of the respira-
tory chain other than reductive enzyme A) , delta(R,) (efficiency of a single exciton captured by an active reaction center
to drive a single electron from the QA electron transport chain to the end of the electron acceptor on the PSI receptor side at
the start of illumination) , phi(R,) (quantum efficiency of electron acceptor reduction at the end of photosystem I recep-

tor), RE /CS, (t=t, , the energy flux from a single active reaction center to the electron acceptor at the end of the PS I

to reduce it) , PI,

abs

( performance parameters based on absorption of light energy), and was in highly significant negative
correlation with ABS/RC (light energy absorbed per reaction center) , DI /RC (the total energy dissipated by a single ac-
tive reaction center) , and TR /RC (energy captured by a unit reaction center for the reduction of coenzyme A). The prin-
cipal component minimum data set analysis showed that P/ ET_ /RC (energy transferred per reaction center) , ET,/CS,

total 9
(t=lFm , the amount of energy used for electron transfer per unit leaf area), net photosynthetic rate (P, ), and stomatal
conductance (G, ) could be important indicators for the selection of high photosynthetic efficiency germplasm resources in C.
esculentus ... Results of cluster analysis showed that 40 germplasm resources could be divided into three categories. Among
them, there were 16 germplasms in group I , mainly manifested as P, and G_ significantly higher than the other two catego-

ries. There were 13 gemplasms in group II , mainly manifested as Pl significantly higher than the other two categories,

tota
ET,/RC and ET,/CS,, of the group I and group II were significantly higher than those of group Ill. The group Il had 11
germplasms, and all parameters were lower than the other two groups. Analysis of differences between germplasms with dif-
ferent grain types showed that the ET,/RC of round grain type germplasm was significantly higher than that of long grain
type germplasm, while the comprehensive score of long grain type germplasm was significantly higher than that of round
grain type germplasm. The evaluation results of this research model shows that XJ8, JL7, and HE9 have good comprehen-
sive performance and can be used as high light efficiency resource materials, which can provide important references for fur-

ther innovation and utilization of C. esculentus L. germplasm resources.

Key words: Cyperus esculentus L.; germplasm resources; gas exchange parameters; chlorophyll fluorescence parameters
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Table 3 Descriptive statistical analysis of photosynthetic parameters of germplasm resources

SR RKRME H/ME S {E iR 22 5 R AL (%) ZREPEREL
P 27.67 11.88 19.93 3.9 19.54 2.13
G 0.28 0.08 0.16 0.05 33.25 2.09
C; 476.95 273.47 376.73 57.93 15.38 2.16
T 5.82 1.77 3.60 1.12 31.03 2.06
F/F, 0.80 0.76 0.78 0.01 1.23 2.16
N 39.25 17.99 25.82 5.37 20.81 2.09
ABS/RC 1.93 1.38 1.57 0.13 8.21 2.15
DI,/RC 0.47 0.30 0.35 0.04 11.25 2.07
TR,/RC 1.46 1.07 1.22 0.09 7.57 2.14
ET,/RC 0.97 0.72 0.84 0.05 6.46 2.07
RE,/RC 0.47 0.17 0.33 0.07 20.89 2.05
psi(E,) 0.76 0.58 0.69 0.05 6.64 2.19
phi(E,) 0.60 0.44 0.54 0.04 7.46 2.15
delta(R,) 0.58 0.20 0.39 0.08 19.82 2.14
phi(R,) 0.32 0.09 0.21 0.05 23.92 2.21
ET,/CS,, 13 397.00 8 072.67 10 850.11 1 425.84 13.14 2.17
RE,/CS,, 6 353.00 1 905.00 4262.23 1 016.69 23.85 2.21
PI,, 8.44 2.23 5.37 1.52 28.26 2.20
Pl 8.38 0.57 3.96 1.92 48.51 2.20
SPAD 48.43 33.10 42.42 3.03 7.15 2.09
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Fig.1 Correlation analysis of photosynthetic parameters of germplasm resources
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Table 4 Top five principal components corresponding characteristic vector and variance interpretation of principal component analysis of 20

photosynthesis indexes

240 FHI 1 FWIr 2 FHr 3 FHr 4 FHr 5 EGi)E 3
P, -0.173 0.500 -0.063 0.124 -0.756 0.872
G, 0.088 0.915 -0.320 -0.141 -0.081 0.975
C, 0.253 0.645 -0.363 -0.230 0.463 0.880
T, 0.087 0.907 -0.296 -0.233 -0.078 0.979
F./F, 0.661 -0.015 -0.107 0.632 0.069 0.853
S, 0.810 -0.174 0.191 -0.238 0.110 0.792
ABS/RC -0.768 0.315 0.534 0.056 0.129 0.994
DI,/RC -0.822 0.256 0.432 -0.199 0.060 0.971
TR,/RC -0.712 0.333 0.566 0.156 0.149 0.984
ET,/RC 0.132 0.562 0.703 0.368 0.019 0.963
RE,/RC 0.805 0.136 0.426 -0.342 0.018 0.965
psi(E,) 0.920 0.162 0.075 0.180 -0.164 0.937
phi(E,) 0.914 0.154 0.049 0.280 -0.124 0.956
delta(R,) 0.805 -0.042 0.248 -0.489 0.022 0.951
phi(R,) 0.912 0.022 0.200 -0.334 -0.017 0.985
ET,/CS,, 0.512 0.178 -0.017 0.690 0.319 0.871
RE,/CS,, 0.914 0.066 0.190 0.007 0.177 0.907
Pl,, 0.935 0.024 -0.064 0.248 -0.110 0.952
Pl 0.939 0.005 0.139 -0.222 -0.026 0.951
SPAD -0.146 0.236 -0.352 0.009 0.450 0.404
FRE(A 9.676 3.113 2.135 1.967 1.251

SR EAE RS LR 2, MK B A A B/ NEARALA RS . B4 1~ BT 5 BITTHRR 2 31 R 48.378% (15.565% . 10.674% 9.834% |
6.255% , B TRk B K 48.378% .63.944% 74.618% .84.452% 90.707% ,

x5 MRABERIBDRAF

Table 5 Principal component scores and ranking of germplasm resources

HE# b B¢ R E% g B 5 3 EWsr 4 % LR
1 XJ8 5.62 0.04 -0.42 0.61 1.02 3.09
2 L7 4.26 1.25 0.09 1.18 -0.09 2.62
3 HE9 3.94 2.89 0.19 -0.94 0.26 2.54
4 XJ9 4.19 0.00 0.58 -0.83 0.07 2.22
5 JL12 4.05 -0.19 -0.71 0.66 1.10 2.19
6 JL8 4.42 -0.68 0.95 -3.13 0.65 2.06
7 M4 3.17 2.13 -2.31 -0.11 0.02 1.77
8 JLI1 2.71 -0.33 0.51 0.90 -1.10 1.47
9 XJ12 3.21 -2.70 0.56 -0.47 -0.19 1.25

10 JL9 1.99 -1.60 -0.07 2.66 1.54 1.17
11 JL10 1.90 -1.63 1.48 2.38 -0.35 1.14

—_
[\S}

HE6 0.94 2.78 -0.93 1.89 -0.12 1.07
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He44 il FHr 1 FHr 2 FHr 3 Fr 4 FHr 5 a1
13 JL1 2.39 -1.23 -1.59 1.36 -1.72 0.91
14 HES 0.91 0.55 1.20 1.79 -1.72 0.80
15 JL4 2.02 -0.85 0.28 -2.02 0.74 0.79
16 M2 0.60 0.18 0.31 1.30 2.07 0.67
17 HES -0.70 4.45 1.69 -0.17 0.01 0.57
18 M1 0.65 -1.73 1.72 1.35 -0.48 0.36
19 JL2 0.62 1.03 1.68 -3.26 -1.41 0.26
20 XJ11 1.48 -2.48 0.46 -0.53 -2.07 0.22
21 JL6 1.71 -2.45 -0.93 -1.51 -1.06 0.14
22 JL13 -0.19 -1.05 0.88 1.73 1.15 0.09
23 XJ2 -0.19 0.27 0.91 -0.05 -0.58 0.01
24 XJ1 -1.22 2.77 0.83 0.66 0.11 0.00
25 HE4 -1.44 1.67 1.72 0.34 -0.11 -0.25
26 JL3 -0.34 1.46 -0.75 -2.20 -0.84 -0.31
27 XJ10 -1.15 1.30 0.52 -0.83 -0.58 -0.46
28 M6 -0.74 -1.77 -2.18 -1.03 2.58 -0.89
29 XJ3 -1.65 -1.34 -2.04 0.06 1.15 -1.26
30 HE3 -2.38 1.13 -1.63 -1.55 1.30 -1.35
31 HE2 -3.07 1.89 -0.77 -0.25 0.19 -1.42
32 HE7 -3.56 2.34 -1.33 1.33 -0.85 -1.56
33 XJ6 -3.70 -1.68 3.57 -1.05 1.12 -1.88
34 M5 -2.70 -1.73 -2.43 0.42 -0.09 -1.99
35 JLS =2.17 -2.36 -1.81 -1.54 -1.18 -2.02
36 XJ4 -3.68 -0.72 0.30 -0.21 -0.82 -2.13
37 M3 -4.81 -1.11 1.69 -0.10 1.63 -2.45
38 HE1 -4.82 1.34 -1.80 -0.57 0.86 -2.55
39 XJ5 -4.14 -0.70 -2.47 1.02 -2.00 -2.65
40 XJ7 -8.14 -1.15 2.08 0.71 -0.23 -4.23
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