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Effects of Sowing Season and Site on the Antioxidant

Enzyme Activity of Barley Grass Powder
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Abstract: To explore the effects of sowing season and site on the antioxidant enzyme activity of barley,
48 barley varieties from Yunnan were sown continuously for two years in Dianyuan town during the
four different seasons of spring, summer, autumn, and winter, and also sown at three different alti-
tudes in Dianyuan, Xiaojie, and Yanhe town. The antioxidant enzyme activities of superoxide dis-
mutase(SOD), catalase (CAT), and polyphenol oxidase (PPO) in barley grass powder were deter-
mined by microplate reader and differential analysis was conducted. The results showed that there
were significant differences in the antioxidant enzyme activity of barley planted in different seasons
and at different sites. Under the conditions of four-season planting, the SOD and CAT activities of
summer-planted barley grass powder were significantly higher than those of spring, autumn, and win-
ter planting, while the PPO activity of summer planting was slightly lower than that of autumn plant-
ing, but higher than that of spring and winter planting. The SOD and CAT activities of barley grass
powder at different sites were all highest at the low altitude of Yanhe town but lowest at the high alti-
tude of Dianyuan town. The PPO activity was highest at Xiaojie town but lowest at Yanhe town. The

antioxidant enzyme activity of barley grass powder was mainly affected by the planting season. Com-
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bining the membership function method and cluster analysis, the antioxidant activity of barley was e-

valuated, and high-quality barley varieties with high antioxidant enzyme activities were preliminarily

screened(Yunpi 22, Aisi 500, Yunke 1, Yunsimai 7).

Keywords: Barley; Grass powder; Antioxidant enzymes; Sowing season; Trial sites
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Table 1 Test materials
T E4 s T E4s 75 2
Code Name Code Name Code Name
1 =M 9 5 Yunpi 9 17 ~hA A 45 Yunsimai 4 33 =M 22 5 Yunpi 22
2 =M 10 5 Yunpi 10 18 =M 12 5 Yunpi 12 34 ZAAZ 11 %5 Yunsimai 11
3 =M 11 5 Yunpi 11 19 =M 14 5 Yunpi 14 35 A 12 5 Yunsimai 12
4 ~AAZ 1% Yunsimai 1 20 ~EF 1% Yunyumai 1 36 =M 35 Yunpi 3
5 =% 2% Yunsimai 2 21 =M 1% Yunke 1 37 =i 13 % Yunsimai 13
6 #4AZ 3% Yunsimai 3 22 Z M 15 5 Yunpi 15 38 ZhAZ 14 % Yunsimai 14
7 MEIEFF 4 Aisigan 4 23 =¥ 25 Yunjingmai 2 39 g 4 5 Kunpi 4
8 =M 7 5 Yunpi 7 24 =M 17 5 Yunpi 17 40 I8 82 FF 1 Aisi82gan 1
9 M5 5 Yunpi 5 25 =4 75 Yunsimai 7 41 =M 24 5 Yunpi 24
10 ¥ 25 Yanmai 2 26 = 4i % 8 5 Yunsimai 8 42 =% 15 Yungongmai 1
11 MWk 3 5 Aoxuan 3 27 =M 18 %5 Yunpi 18 43 =% 25 Yungongmai 2
12 =M 2 5 Yunpi 2 28 =M 20 5 Yunpi 20 44 =) # 35 Yungongmai 3
13 =M 45 Yunpi 4 29 = 4 5 Tengyunmai 4 45 A4k R B 1L 8% Hatietuihuaerleng
14 =B 4% Yunke 4 30 =A% 9 %5 Yunsimai 9 46 G # K Z Kuanyingdamai
15 Wiz 15 Zheyun 1 31 =2 10 % Yunsimai 10 47 I 500 Aisi 500
16 B 2 5 Kunpi 2 32 =M 21 5 Yunpi 21 48 V43
== [%/K & Rainfall —o— -5 F Average temperature
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Fig. 1 Climatic conditions for planting at Dianyuan town in four seasons over two years
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Fig. 2 Climate conditions for autumn sowing at three experimental sites
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Table 2 Physical and chemical properties of the tested soils

s A HLF o R AL
S.‘t“‘ pH Organic matter T lN/V Available phosphorus  Available K
e /(g e+ kg™ D) ota 0 /(mg -+ kg™ 1) /(mg + kg™ D)
JE R Dianyuan 6.25 30. 70 1. 80 72.8 115.1
/IMEF Xiaojie 6. 84 43.06 1.70 79. 84 100. 3
WA Yanhe 6.56 24. 80 0.15 74.2 161.0
F & .37 CMFAE 20 min, 450 nm EEFRICEEE PPO I — Az — Asrme « \ T «
WG B, AR S 2 =X () A2 T 1 R 0.01 Wiemn
SOD . Vigmz 1 .
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K & (A007-1-1, 4H R 4% 325, B % £ Wl
AW TARBEGE IO I E K2 ik CAT i1k, B
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FRER K IR AIJE L 2 500 ¢« min ™' B0 10 min,
Bro.1 mL EWEWANA 0.9 mL A BEER 7K 847 H
T, et 3R G v WY 5 42 WP S R D00 A A B i
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P, B U R A ) TR A T I E K B OB
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Table 3 Analysis of variance for the antioxidant enzyme of barley grass powder in different sowing seasons and varieties

bt A AL B 2 S ok I Rl F ¥5r F {8
Antioxidase enzyme Variations Sum of squares Degree of freedom Mean square Fvalue
SOD/(U -+ g™ ) &R 245 Season 5 445 875. 864 3 1815 291. 955 29,327
Sl Variety 3794 794. 605 47 80 740. 311 1.163
95 X AP Season X Variety 5933 875.415 141 42 084. 223 0.637
2 Deviation 12 221 932. 229 192 63 655. 897
CAT/(U+g™ 1 R 24T Season 1 758.696 3 586. 232 6.156 " *
il Variety 11 950. 474 47 254. 265 2,164
Z 45 X A Season X Variety 14 372. 826 138 104. 151 0. 861
2 Deviation 16 316.015 146 111. 754
PPO/(U-g™ b &R 245 Season 1 898. 624 3 632. 875 2.236
SRl Variety 18 203. 212 47 387.302 1.299
ZAT X i Ff Season X Variety 30 690. 434 97 303. 866 1. 292
P& 2% Deviation 30 690. 434 101 121. 306

*; P<C0.05; * = P<C0.01.
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Fig. 3 Histogram of frequency distribution of antioxidant enzyme activities in barley grass powder
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Table 4 Differences in antioxidant enzyme activities of barley grass powder in different seasons

Ay ik ia A= T AL A5 5t R
Year Antioxidase enzyme Season Mean/(U + g~ 1) Range/(U « g~ 1) CV/%
2020 SOD #Z Spring 986. 954191. 24BC 138.40~1 255.07 19. 38
H % Summer 1098. 114177, 79A 648.48~1 758. 54 16.19
#ZE Autumn 981.91+238. 08BC 491, 47~1 551. 45 24. 25
%2 Winter 898.29+162. 46C 412. 64~1 333. 54 18.09
FH Average 991. 314205. 64 138.40~1 758. 54 20. 74
CAT # 7 Spring 23.84+10. 85a 5.76~50. 40 45.53
B2 Summer 30. 05414, 77a 4.48~56.32 49.15
2 Autumn 25.68+12., 20a 2.97~47.54 47.51
%47 Winter 25.51+9. 89a 3.90~40.78 38. 77
¥ Average 26.214+12.19 2.97~56.32 16. 49

2021 sOD %% Sprng 1 268.96+116.94B 916.90~1470.07 9.22

H 7 Summer 1 445.754254. 66A 880.88~1 808. 81 17.61
#Z Autumn 1 063. 154209, 29C 575.54~1 811,56 19. 69
£ 2 Winter 1015, 39+284, 16C 153.57~1 430. 22 27.99
-4 Average 1198.31282.16 153.57~1 811.56 23.55
CAT # 7% Spring 19.16+9. 95B 4.48~55.28 51.95
X2 Summer 26.47+11.63A 6.00~76.47 43.93
#ZE Autumn 23.65+12.04AB 3.61~53.50 50. 90
4 2% Winter 22.88+8.28AB 6.22~37.13 36.17
F1Y Average 23.13410. 85 3.61~76.47 46.92
PPO # 2 Spring 29.66£12.02a 4.00~54.67 40.51
H 2 Summer 30.16+13. 21a 7.63~60.07 43.82
#ZE Autumn 31.12+14. 41a 4.90~69. 53 46. 31
%2 Winter 25.44+11.73a 4.73~68. 30 46.09
F1Y Average 28.88+14.15 4.00~69.53 48.98

A TR 47 £33 7008 1] 89 BB J AR TR R L /NS 5 R 2 7 47 il 2 740 (1] 28 57 ik 2% (P <<0. O R 3 (P<C0. 05) . & 4 Ik 5 [l

Different capital and lowercase letters following data in the same columns of same year and enzyme mean significant difference among

different sowing seasons at 0. 01 and 0. 05 levels, respectively. The same in table 4 and table 5.
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Fig. 4 Box plot of antioxidant enzyme activities of barley grass powder in different seasons
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Table 5 Differences in antioxidant enzyme activities of barley grass powder sown at different sites

i A AL 5 o b o5 A AR Ak 5 AL
Antioxidase enzyme Site Mean/(U « g 1) Range/(U g 1) CV/%
SOD ELE Dianyuan 1 063.15+209. 29C 575.54~1 811. 56 19. 69
/N Xiaojie 1174.254142.20B 654,42~1 534. 68 12. 11
WEF Yanhe 1303.45+191. 22A 709.09~1 626. 91 14.67
CAT HJE Dianyuan 23.65+12. 04a 3.61~53.50 50. 90
/NE Xiaojie 23.72+11.56a 4.56~58.90 48.75
WFAI Yanhe 24.23+13. 16a 3.68~55.90 54. 32
PPO JEH Dianyuan 31.12+14. 41a 1.90~69. 53 46. 31
/M Xiaojie 32.46+14. 94a 5.63~75.03 46.01
WEF Yanhe 27.99+12.51a 5.33~62.67 44,68
P %288 100 _loo
; . 03 % 7
S 14001 & ;‘“ 80 2 80 .
#H = 1200 #H . < *
s 51000 3 ¥ E3 60 %bso
a5 80r . . BE 4F XL " 1 OF s & 1
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Fig. 5 Box plot of antioxidant enzyme activity of barley grass powder sown at different sites
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Fig. 6 Heat map of 48 barley varieties
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Table 6 Membership function values and comprehensive values(D value) of antioxidant enzymes in the top five barley varieties

. Y . S B A
fin Value of antioxidant enzyme membership function D {4 He#
Variety D value Rank
SOD CAT PPO

=M 22 %5 Yunpi 22 0.811 0.565 0. 585 0. 667 1
T 500 Aisi 500 0. 609 0.598 0.561 0.595 2
=M 1% Yunke 1 0.672 0. 442 0.698 0.585 3
= HAZZ 745 Yunsimai 7 0.513 0.709 0. 420 0.573 4
=% 4 % Yunsimai 4 0.755 0. 456 0. 431 0.571 5
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