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Dynamic changes in pigment contents and photosynthetic characteristics of grains
of black-grained and yellow-grained oat (Avena sativa)

HU Ze-long"*, LIANG Guo-ling"*, LIU Wen-hui"*, WANG Wen-hu'*
1. College of Animal Husbandry and Veterinary Medicine, Qinghai University, Xining 810016, China; 2. Key Laboratory of
Superior Forage Germplasm in the Qinghai-Tibetan Plateau, Xining 810016, China

Abstract: The aim of this work was to analyze and compare the changes in photosynthetic characteristics and pigment
contents in grains between black-grained and yellow-grained oat (Avena sativa) during grain development. We
monitored the dynamic changes in photosynthetic traits and the contents of photosynthetic pigments, anthocyanins,
and melanin, as well as the activities of anthocyanin-synthesizing enzymes, in grains of black-grained and yellow-
grained oat from heading to maturity. The results show that the lemma colors of the two oat types significantly
diverged during development. Starting from 20 days after heading, the lemma of yellow-grained oats gradually
turned yellow, while that of black-grained oats turned black. These patterns of color development were highly
consistent with the accumulation patterns of anthocyanins and melanin. During the mid-development stage (20— 30
days after heading) , compared with black-grained oats, the yellow-grained oats had significantly higher (P<Z0.01)
contents of photosynthetic pigments and higher net photosynthetic rate (P,), stomatal conductance, and transpiration

rate. However, at the flowering and milky ripening stages, the daily P, of yellow-grained oats showed a bimodal

Wk - 2025-01-21 5 Bl H 4 2 2025-03-27
He AT [ L T ME 2 5 MEA T 5 AR SR 1 (2023-NK=155) Fll [€ 5 i 57 L AR R R i b 25 5 iR 56 06 (CARS-34) % )
PEF R 8P (1998—) B3 TLPE AN, Bl 10 E-mail: 2452234055@qq. com

* WAF{E# Corresponding author. E-mail: ghliangguoling@163. com



146 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 12

pattern with a distinct “midday depression” phenomenon. In contrast, black-grained oat grains began to accumulate
anthocyanins and melanin continuously from 15 days after heading. By maturity, the anthocyanin and melanin
contents of black-grained oats were 83.96% higher and 39. 8-times higher, respectively, than those of yellow-
grained oats. In black-grained oats, the daily pattern of P, was unimodal without photoinhibition. Structural equation
modeling indicated that grain color had the greatest comprehensive impact on P,, with photosynthetic pigments
positively affecting the photosynthetic rate and anthocyanins and melanin negatively affecting it. The results of this
study provide a scientific basis for breeding new oat varieties with strong adaptability and high photosynthetic efficiency.
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Fig.1 Dynamic changes in lemma color during the development of different colored oat kernels
V] Hr AR VR SRy A A 5 ol DA il e 0 3 S8 AT R B S S B AL, B BR S d BUREFA 8 The Figure shows the dynamic changes in grain color of four varieties

from the heading stage to the fully ripe stage, with samples taken and photographed every five days.
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Fig. 2 Photosynthetic pigment changes in lemma during the development of different colored oat kernels
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Fig.3 Change in the content of anthocyanin and melanin in the lemma during the development of different colored oat kernels
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Fig. 4 Changes in the activity of enzymes related to the synthesis of anthocyanin in the lemma during the development of

different colored oat kernels
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Fig.5 Dynamic changes in photosynthetic parameters in the lemma during the development of different colored oat kernels
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Fig. 6 Daily variation in photosynthetic parameters in the lemma of different colored oat kernels during heading stage
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Fig. 7 Daily variation in photosynthetic parameters in the lemma of different colored oat kernels during flowering stage
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Fig. 8 Daily variation in photosynthetic parameters in the lemma of different colored oat kernels during milk stage



%34 B 12 1 Bl 2R 3] 2025 4 153

(a) (b) % (c) 0.8 )
tcF ]+ 0.172* P72 42505 Direct effect
5 ] == [H]42 05 Indirect effect
Car 206 BN 4 XM Total effect
¢ Chlaf | s
2 o
S Cchibf = 28
ths 21504
K5 ANTE |* fSE
= 3 = i
SE Melf ] « 28, )
Eﬁg PAL [ [ o5 pg.96 - s
S UFGTF Jns  P=0.01 2 3§ /
e AR R
= ANS[ I ns Var explained:

pmE . Jns  9638%
0 2 4 6 8 10 12 14
MSEH fill Increase in MSE (%)

9 BMEBREXLEGEEZMEERS W

Fig. 9 Analysis of factors affecting net photosynthetic rate in oat lemma
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