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Effects of exogenous selenium fertilizer on biological indexes and physiological characteristics of quinoa

MA Yanyu', YANG Zailei"?, FENG Yaozu’, HAN Rungiang', MA Wenjing', ADILAI Kurban', JIA Hongtao"*"

(1. College of Resources and Environment, Xinjiang Agricultural University, Urumqi 830052, China; 2. Xinjiang Key Laboratory of Soil
and Plant Ecological Processes, Urumqi 830052, China; 3. Transformation Center of Scientific and Technological Achievements, Xinjiang
Academy of Agricultural Sciences, Urumgi 830091, China)

Abstract: This study aimed to investigate the effects of leaf—applied selenium on the growth, yield, grain selenium content, and
physiological characteristics of quinoa (Chenopodium quinoa Willd.) and to identify the optimal exogenous selenium concentration for
enhancing quinoa growth. Sodium selenite was applied via foliar spraying, with treatments including control group without selenium (0 mg -
L', CK) and five varying levels of selenium application: 5 (Sel), 10(Se2), 20 (Se3), 30 mg+ L' (Se4), and 40 mg- L' (Se5). Growth
indices, yield, grain selenium content, and physiological parameters were analyzed. Results indicated that after 7 days of Se application,
plant height and stem diameter exhibited the greatest increase under Se4 treatment. At maturity, total biomass was highest in plants treated
with Se4. The grain yield for quinoa subjected to Se4 was found to be 32.26% greater than that of CK without any selenium application.
Additionally, the seed selenium content for treatments Se4 and Se5 was observed to be 247.39% and 268.55% higher than that of CK,
respectively. Spearman correlation analysis revealed a significant positive relationship between glutathione peroxidase activity and
peroxidase levels in quinoa samples. Mantel test results demonstrated that activities related to carotenoids, peroxidase enzymes, proline

accumulation, and glutathione peroxidase were positively correlated with supplemental selenium levels. Comprehensive analysis
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underscored the critical role of selenium in enhancing physiological functions within quinoa; it improved anti—aging capabilities while

promoting grain filling through osmoregulation mechanisms and scavenging harmful reactive oxygen species. Furthermore, applying sodium

selenite at a concentration of 30 mg+L™" on leaf surfaces proved most effective for augmenting both yield and grain selenium content.

Keywords : quinoa; foliar spraying selenium; physiological characteristic; sodium selenite; yield
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Table 1 Physical and chemical properties of soil

iR BHETU Soil texture/% HHLTR T T L fXi
Soil type  fhkiSand KPRISilt ZHKLClay SOM/(g-kg") AN/(mg-kg"') AP/(mg-kg') AK/(mg-kg') Total selenium/(mg-kg™)
YR 48.97 18.67 32.36 8.12 10.45 18.74 5.08 199.39 0.02
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Different lowercase letters indicate significant differences among treatments (P<0.05); T1 represents prior to the application of quinoa grout(July 3); T2
represents the seventh day following selenium spraying(July 15); T3 represents fourteen days post—selenium spraying(July 22); and T4 represents the

maturity period( August 20). The same below.
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Figure 1 Effects of foliar spraying selenium on plant height and stem diameter of quinoa

7.91% , Horbr Se3 b F 4 B4 i K

HH P 2 AT, T1 AR A v 7 $507E Sel A0 3R F 3k
&% T2 WHIRFEZZ i R BUTE Sed PR T A iR £, &AL
F(CK,Sel Se2.,Se3 Sed Fll Se5)ZE 4 M i KA 5 T
T2 K T 6.82%.9.40% . 12.77% . 16.79% .
15.28% F19.72% , H:rh Se3 kb B iy 14 0 5 5 T3 I 3
B0 RUHE Sed AbFLR SR K, 45 WM A B 4 3 v

TXF AL B

T2 B, 25 A R RE 7 AR v R AR i (181 3) 22
SEANIR B 2R YR AE Se3 AP R ik i K, T3
BHH, A BRI AR o AR R AR E 3
2 B ZE A W) R A Se3 Ab BRIk A KAE , Hirp Se3 4b B
F CK 4b 353 25 185 41.13%(P<0.05) . T4 I 1A, 4% 4b 3
RE A 25 TN S 2 5 AR ) A Se3 bR
KA KA, b CK S 2755 91.21% (P<0.05) ; 2584 W

B (R

Number of leaves/(per+plant™)

40

(%]
=)}

- CK
-0 Sel
—&— Se2
I —¥ Se3
—o— Sed
—4- Se4

[l

T2 T3

1] Period
2 MEBEXEEE M A ERm

Tl

Figure 2 Effects of foliar spraying selenium on the number of

quinoa leaves
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Figure 3 Effects of foliar spraying selenium on quinoa biomass
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Figure 4 Effects of foliar spraying selenium on quinoa grain

selenium content

2 I TE B AR 2ot 32 22 7 S M B R

Table 2 Effects of foliar spraying selenium on yield composition

of quinoa
PRARESR EEK TR FRR (e B

Sb3 . . . . i

Effective panicle Main panicle  Thousand Grain yield/

Treatment . -

number per plant length/cm  grain mass/g (g-plant™)
CK 7.66+0.33a  30.33+0.32b 2.70+0.03a  10.88+0.52¢
Sel 7.67+0.33a  31.53+0.34ab 2.83+0.23a  11.37+0.3bc
Se2 8.33+0.33a  32.73+0.54a 2.83+0.14a  13.28+0.14ab
Se3 8.67+0.33a  31.97+0.44a 3.13+0.05a  14.12+1.35a
Se4 8.67+0.33a  32.53+0.52a 3.24+0.39a  14.39+0.28a

Se5 8.33+0.33a  30.47+0.34b 3.10£0.23a  11.35+0.48bc
1 ARRVING PR AR AL BRI 25 5 B 3% (P<0.05) . T,

Note: Different lowercase letters indicate significant differences among
different treatments(P<0.05). The same below.

— 1672 —

2.2.1 MR 0GR O R A

MR I FTLUE Y, i IR X 22 32 (R A B =
AR, T2, EENH R a5 E
TE Se4 A FR R iA i RAE , He CK AR PP i 2575 31.83% (P<
0.05) 5 43 25 b 5 1 76 Se2 I Sed AbH N ik 5 K s 454k
PR AE PREBELREEES DR ETREE
T2 IHPSE 4 KSR K « Sed>Se2>Se3>Se5>CK>Sel .

T3 W, B3 4 2 a 5 HELE Se2 Kb R ik fi
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Tk R, CKAM I R 5.03%; K588 D R & M
23 2 i 7E Se2 A0 BE R 1k fie RAEL, 45 Ab B 22 8] TG
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T4, 223 4 28 a 5 HHAE Sel 40N ik Bt
KA, b CK &b 34 5 35 185 409% (P<0.05) s 43 5 b & 1
TE Sed b BRR 1K K, b CK AR 3 25 15 70.37% (P<
0.05) ;5% MRS HAE Sel AbBRIk A, &AL FEZ
[ JC 2S5 . B4R F 7 Sed b BT bR K,
e CK Ab #3555 41.35%(P<0.05) .
2.2.2 P [T Xof 2 2 e AR A Tl P P 5

B I POD P BEAR e % 356 T 2 RS HE S
R H (1 SA) , A HE T CK &b B i if 4k 2 (1) POD

R3 HEBEXNEERLGBRAHM(ng-g")
Table 3 Effects of foliar spraying selenium on photosynthetic

pigments of quinoa(mg-g™)

S LIRS S
RECIE LS S LIS S
Period Treatment Chlorophyll a Chlorophyll b~ Carotenoid chlorophyll

T2 CK 1.02+0.01b  0.41+0.03a  0.14+0.0la 1.57+0.05a
Sel 1.10+0.22ab  0.35+0.05a  0.12+0.04a 1.56+0.31a
Se2  1.19+0.11ab 0.45+0.18a  0.09+0.01a 1.73+0.25a
Se3  1.19+0.06ab 0.35+0.02a 0.15+0.01a 1.69+0.09a
Se4 1.34+0.07a  0.45+0.08a  0.14+0.05a 1.93+0.0l1a
Se5  1.13+0.08ab 0.31+0.04a 0.15+0.0la 1.59+0.11a
T3 CK 1.22+0.02a  0.43+0.02a  0.10+0.02a 1.74+0.01a
Sel 1.18+0.10a  0.37+0.02a 0.11+0.0la 1.66+0.09a
Se2 1.40£0.14a  0.45+0.10a  0.14+0.02a 2.00+0.22a
Se3 1.34+0.21a  0.36+0.08a 0.12+0.02a 1.82+0.28a
Se4 1.26+0.14a 0.38+0.03a 0.13+0.0la 1.76+0.17a
Se5 1.03+£0.14a  0.32+0.05a  0.12+0.02a 1.47+0.18a
T4 CK 0.60+0.02b 0.18+0.02bc  0.10+0.01a 0.89+0.04¢
Sel 0.84+0.09a 0.18+0.03¢  0.15+0.03a 1.17+0.08ab
Se2  0.68+0.06ab 0.19+0.03bc 0.13+0.03a 1.00+0.06bc

Se3  0.70+0.05ab 0.26+0.04abc 0.12+0.02a 1.08=
0.07abe

Se4 0.82+0.07a 0.31+0.04a 0.13+0.0la 1.25+0.08a
Se5  0.77+0.03ab 0.27+0.02ab 0.09+0.03a 1.14+0.06ab
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Figure 5 Effects of foliar spraying selenium on antioxidant oxidase activity of quinoa
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Spearman s rank correlation coefficient is employed to assess the pairwise correlations of physiological indices measured seven days post—selenium

application in quinoa(T2 period). The dimensions of the boxes represent the strength of these correlations (* indicates P<0.05,** indicates P<0.01 , **%

indicates P<0.001). Additionally, the relationship between selenium supplementation and physiological indices is evaluated using a Mantel test with 999

permutations.
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Figure 7 Correlation analysis between selenium supplementation and physiological characteristics of quinoa

R4 FERBMEHETHERE

Table 4 Variance contribution load matrix

RS EMSSIE R MR R 28
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