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Abstract: Timothy (Phleum pratense) is widely cultivated globally because of its numerous superior traits such as
good herbage quality and abundant natural oils and fats. This grass is beneficial for maintaining racehorse body
shape, mmproving their respiratory system, and enhancing their endurance. It also stimulates rumination in cows,
thereby prolonging the peak milk production period. However, the germplasm resources of timothy in China are
relatively scarce, with only two species introduced so far. To investigate the photosynthetic capacity of timothy
germplasm and screen for varieties with highly efficient photosynthesis, we conducted a comparative analysis of 21
timothy germplasm lines across four growth stages (tillering stage, culm elongation stage, heading stage, and
reproductive maturity stage). We determined their chlorophyll pigment contents, photosynthetic parameters, and
chlorophyll fluorescence parameters. Among the 16 photosynthetic traits of the tested timothy germplasm lines, 13
showed an initial increase, followed by a decrease, and then an increase to reach maximum values at the heading

stage. These 13 traits were chlorophyll a content, chlorophyll b content, carotenoid content, total chlorophyll
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content, transpiration rate, stomatal conductance, net photosynthetic rate, intercellular carbon dioxide
concentration, maximum photosynthetic efficiency of photosystem [l (PS I ), potential photochemical efficiency of
PS1II , photochemical quenching coefficient, apparent electron transfer efficiency, and PS [ photochemical quantum
yield. A principal component analysis was conducted using the mean values of various traits from four growth stages.
It was found on principal component analysis that these 16 traits yielded 5 principal components with eigenvalues
greater than 1 and cumulatively explaining 78. 76 % of data variance. These five principal components were weighted
according to their eigenvalues and added to obtain a discriminant score (D) for each germplasm line. A stepwise
regression analysis identified eight traits that could be used to identify germplasm lines with a high D score, assumed
by the authors to indicate high light-use efficiency. These eight traits were potential photochemical efficiency of PS
I , photochemical quantum yield of PS I , total chlorophyll content, net photosynthetic rate, carotenoid content,
stomatal limiting value, apparent electron transfer efficiency, and non-photochemical quenching coefficient. Using
cluster analysis, the tested timothy germplasm lines were classified into four groups on the basis of their overall D
scores. Germplasm lines designated 9451, 10676, and 9657 belonged to group I with high multivariate scores.
These lines have potential uses as excellent parental materials for breeding new timothy varieties with high light-use
efficiency and improved photosynthetic traits.
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Fig.2 Chloroplast pigment content in timothy germplasm
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Fig. 4 Chlorophyll fluorescence parameters of timothy germplasm
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ETR; Xy5: PSIfk2% &8 7)™ & Yield. [ The same below.

R1 ETERSSTHESERFEERRHE

Table 1 Eigenvalue and contribution rate from principal component analysis of photosynthetic traits

Eisg i F W43 Principal component
Index 1 9 3 4 5

X, 0.658 0.567 —0.173 0.099 0.077
X, 0.610 0.435 —0.216 —0.021 —0.389
X, 0.617 0.142 —0.224 —0.234 0.001
X, 0.735 0.586 —0.218 0.062 —0.113
X; 0. 656 —0.372 0.431 0.032 0.294
X 0. 602 —0.625 0.222 0.005 —0.018
X; 0. 809 —0.315 0.424 0.124 —0.041
X 0.251 —0.695 —0.628 —0.132 —0.077
X, —0.308 0.676 0. 640 0.107 0.032
X0 0.466 0.018 0.234 0.217 —0.706
Xy 0.799 0.083 0.153 —0.417 0.094
Xy, 0.849 0.205 —0.054 —0.361 0.212
X3 —0.282 0.422 —0.254 —0.081 0. 364
Xy 0.462 0.013 0.192 —0.210 0.292
X5 0.344 0.029 —0.123 0.719 0.399
Xy 0.637 —0.069 —0.260 0.553 0.084
FEAF{H Eigenvalue 5.726 2.676 1.658 1.338 1.203
T ik % Rate of contribution ( %) 35.78 16.72 10. 36 8.36 7.52

21 5Tk Cumulative contribution rate ( %) 35.78 52.51 62.87 71.24 78.76
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Table 2 Principal component scores and comprehensive evaluation of timothy germplasm
K 2 43445 41 Principal component score LIS -4
Material 1 Discriminant score Ranking
10067 4.366 0.020 —0. 366 0.693 0.190 0.325 10
7259 2.687 —1.110 —0.074 0.470 0.693 0.175 19
4190 5.109 0.139 0. 587 0.377 0.440 0.402 5
9451 7.826 0.178 —0.294 —0.191 0.180 0. 568 1
9038 4.372 0. 807 —0.405 0.402 0.553 0.352 7
7019 3.817 1.128 —1.154 —0.231 0. 340 0.293 13
8050 3.708 1.203 0.573 0.637 0.522 0.341 8
13688 3.918 1. 260 —0.547 0. 829 0.044 0.331 9
10101 4.580 —0.663 0.502 0.024 0.054 0.322 11
7122 2.833 0. 682 —0.170 —0.372 0.194 0.222 18
8334 5.055 1. 308 —0.276 0.536 0.838 0.428 4
8383 3.491 1. 820 0.565 0.141 —0.596 0.321 12
2547 3.049 0.913 0.826 0.153 0.385 0.279 14
8460 3.570 0.698 —0.006 —0.614 0.328 0.278 15
9657 6. 880 0.247 —0.063 0.543 0.161 0.519 3
7629 2.233 —0. 540 —0.578 0.420 —0.160 0.137 21
10227 4.046 1.728 0.629 0.442 0.476 0. 381 6
CX 3.227 0.112 0.245 —0.036 0.498 0.251 17
10676 7.535 0.230 —0.447 0. 260 0.289 0. 555 2
8735 2.664 1. 609 0.017 0.272 0.799 0. 266 16
MS 2.295 —0.481 0.093 —0. 146 0.423 0. 156 20
CX: ‘JIVG S B P. pratense ‘ Chuanxi’; MS: ‘U111 "H§ ¥ P. pratense ‘Minshan’.
WK IS #E 2 Euclidean distance
:IS 110 115 20
2547 1
8460 i
8735 !
7019 !
CX :
7122 I
10101 i
8383 :I !
10067 !
1
13688 —I .
9038 i
8050 u i
4190 I I !
10227 -
8334 -
7259 i
IV
MS I ;
7629 !
9451 I I !
10676 L
9657 ;
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Fig.7 Clustering analysis of timothy germplasm systems
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