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Abstract: The morphological characteristics of the inflorescence and spike are important criteria for plant
classification, population differentiation, and germplasm resource identification. These characteristics also directly
affect the reproductive efficiency and genetic dissemination patterns of plants. Triticale, a new species derived from
the distant hybridization between wheat and rye, exhibits distinct differences in inflorescence and spike features
compared with its progenitor species, wheat and rye. These differences provide taxonomic evidence for the
establishment of triticale as an independent genus. This study aimed to examine in detail the differences in
inflorescence and spike characteristics among triticale, wheat, and rye, to provide a taxonomic basis for the

establishment of triticale as a separate genus. We compared 10 varieties (lines) of triticale, 10 of wheat, and 10 of
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rye. Their inflorescence and spike traits were observed and quantified, the differences among them were evaluated by
principal component analysis and cluster analysis, and the results were validated by orthogonal partial least squares
discriminant analysis (OPLS-DA). The results show that the inflorescence length of triticale was greater than that of
rye, and its width was greater than that of both wheat and rye. Additionally, the number of florets at the base
spikelet was significantly higher in triticale than in wheat and rye (P<Z0.05). The lemma length of the upper and
lower glumes, as well as the awn length, lemma length, and palea length of the first and second florets, were all
significantly greater in triticale than in wheat and rye. Although triticale had fewer spikelets than rye, it had more
florets per spikelet and heavier grains, resulting in a higher thousand-grain weight under the same environmental
conditions. These comprehensive analyses indicate that the inflorescence and spike characteristics of triticale are
significantly different from those of wheat and rye, allowing for effective differentiation among the three. The
inflorescence length, inflorescence width, grain thickness, and grain width can be used as the main morphological
characteristics to distinguish triticale from wheat and rye. The results of the OPLS-DA validated these findings. In
summary, the inflorescence and spike characteristics can effectively differentiate triticale from wheat and rye. These
findings provide a fundamental basis for the establishment of Triticale as a taxonomic genus.

Key words: triticale; inflorescence; spike; structural traits; principal component analysis; orthogonal partial least

squares discriminant analysis
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Fig. 1 Inflorescences, florets, and grains of triticale, wheat,
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Fig. 2 Comparison of inflorescence characteristics among triticale, wheat, and rye
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Fig. 3 Comparison of spike characteristics among triticale, wheat and rye
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Table 1 Comparison of floret structures in the middle spikelets among triticale, wheat and rye (c¢m)

#BA Position i H Items /NFEFE Triticale /N Wheat MBI Rye
55 1/NAESE K Length of awn 8.48+0.49a 7.21+0.71b 5.5620. 29¢
First floret structure 4MEEK: Length of lemma 1.81+0. 18a 1.34+40.17b 1.44+0.12b
HME 5 Width of lemma 0.314+0.19a 0.39+0. 11a 0.18+0.11b
HMFE T Height of lemma 0.36+0. 16a 0.3940. 16a 0.26+0.09b
N7 K Length of palea 1.5340.07a 1.2340. 12¢ 1.4540.11b
55 2/ Y K Length of awn 7.81+0.97a 6.23+0.45b 5.314+0.47c
Second floret structure SMEEK: Length of lemma 1.7340. 12a 1.41-+0. 12b 1.5140.17b
HMFE9E Width of lemma 0.31£0. 10b 0.3940. 11a 0.180.05¢
HMFF i Height of lemma 0.35=+0. 25b 0.38+0. 10a 0.22+0.12¢
N FE K Length of palea 1.5140. 09a 1.2340.27b 1.3440.12b

R /NE FAE R R AR [P Rl 7E 0. 05 K A7 76 B 3% 25 5% (P<C0. 05) . Different lowercase letters indicate significant differences among different species
at the 0. 05 level (P<<0.05).
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Table 2 Analysis of coefficient of variation for inflorescence characteristics and spike characteristics of triticale, wheat and rye

(%)

AL R AR NEH N B Tl AR ARAIE NBE S NE RE
Inflorescences characteristics Triticale ~ Wheat Rye Spike characteristics Triticale Wheat  Rye

AEJ¥ K Inflorescence length 9.07 6.98 12.69 | /NE#EEL Number of spikelets 10.65  10.72  10.06
A6J7 9 Inflorescence width 9.26 12.81 11.61 | FRi%k Number of grains per spike ~ 11.84  13.89  9.83
Th 3 /N /INAE #L Number of florets in top spikelet 13.73 13. 64 11.28 | Tki T Weight per thousand grains ~ 24.93  14.57 23.15
/N /NES Number of florets in middle spikelet  12.78 9.89 12.98 | HK Spike length 9.8 10.27 7.11
JEH /N /INAE R Number of florets in base spikelet 22.71 10. 88 2.50 | #HIE Spike width 9.62  10.00 16.67
&4 K Length of upper glume 16.85 10. 26 11.38 | #EALFE Grain weight per spike 14.57  14.79 10.00
#9398 Width of upper glume 12.13 15. 00 18.29 | #FHit Grain length 8.57 12.89  9.68
T3 Length of lower glume 15.82 12.24 11.97 | #FHRL5E Grain width 7.69 6.67 10.00
T 9 Width of lower glume 12.90 14.25 16.46 | ¥ K7J5 Grain thickness 7.69 8.33  9.09

5N BB 1L AL 5 R A 1 18 52 M ik 4 A

JN T3R5 43 B (OPLS-DA) , 2 37 OPLS-DA ##Y : jé ;vteat

o4 B TR R B R =0, 776, BLRV T £ ) 5 ol .gb e

B Q=0.758, K F 0. 05, % B 12 #5454 & 45 1 pre i

R BB BE Sy o e — B WA BB T B S Shim_g¥ee |
WHE 77 T 200 SOHUB B B LRI 6A) @l S 7
R SRS AN T 0, R R ey, & | (TR S

P S R R A B IR A R T TN R A B NE R 2r y

. NTF

S HA . R OPLS-DA BB YA 1.2 A8 o

S A P D 6 2 SR R N B N A L | | |
F AT LUK Ny 32, Ho /N B3 4 5 /N g S A N 2 Pc1(4(i.4%) 2 L
N EE GORBIE T E R T RRE DG me nBESNERBEEF RS EERS S

S FE R MR A AT LA /N B 5N S Y B
Hb % 42

A5 5 B (VIP A ) AT DL & 4% 76 % Bl
T AR 0E AR 5R 2 5 X R AR 43 28 S D31 4 R i) R R R A e
B 1, VIP (H R 3 % A8 i fe /N A 5/ R R 32
2R . R VIP> 1 A AR M, L0 2k 1 /) 2
HHNE R BEN 62T BT, 00 T
Yo KRR FFRLTE B ORI R /N, X 64
TE T R REFR R AE AT LI g IX 43 /N B 7 55 /N A2 T 22 1 A AR IE S 4

Fig. 4
spike characteristics of triticale, wheat and rye

SN: /N4 Spikelet number; GPS: 47 4{ Grains per spike; SL: F 1<
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Number of florets in middle spikelet.

Principal component analysis of inflorescence and
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Fig. 5 Cluster analysis of inflorescence and spike characteristics of triticale, wheat and rye
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Fig. 6 OPLS-DA model permutation validation and score of inflorescence and spike traits of triticale, wheat, and rye
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