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Abstract: Selenium, an essential micronutrient for humans, plays a pivotal role in maintaining normal physiological
functions, including antioxidation, cardiovascular protection, immune enhancement, and cancer prevention. Given the
widespread selenium deficiency in 72% of China’s soil, converting inorganic selenium to organic selenium through crop
application represents a safe and cost-effective supplementation approach. This study systematically evaluated the effects of
selenium application on yield and quality improvement in rice, wheat, and maize to provide a theoretical basis for scientific
selenium fertilization. A total of 134 field trial studies (2013—2024) from CNKI, VIP, Wanfang, Web of Science, and
PubMed databases were included, using keywords like “selenium”, “wheat/maize/rice”, and “yield”. The natural
logarithm of the response ratio (InR) was employed as the effect size for Meta-analysis, with data processed using Microsoft
Office, Get Data Graph Digitizer, and MetaWin 2.1. Overall, selenium application increased the yield of rice, wheat, and
maize by 5.41% (95% CI: 4.74%—6.08% , P,<0.01). Notably, wheat and rice yields increased significantly by 8.72%
(95% CI; 7.69%—9.75% ) and 6.35% (95% Cl. 6.34%—7.71%) , respectively, while maize yield showed a negligible
increase of 0.46%. Selenium application remarkably elevated grain selenium content by 164.09% (95% CI. 156.15%—
169.21% , PQ<0.01) , with maize demonstrating the most pronounced effect (172.97% , 95% C1. 164.55%—181.39%).
The quality improvement of grain starch content was 2.39% (95% Cl: 1.71%—3.06%, P,<0.05) , significant only in
maize (3.87%, 95% CI. 2.86%—4.88% ). A positive but non-significant effect was observed on grain protein content
(4.99% , 95% Cl1; 3.78%—6.20% ) , with maize showing the highest enhancement (8.90% , 95% CI; 4.45%—9.17%).
Effects varied significantly by crop type, application method (foliar spraying outperforming soil application) , region ( East
China showing the strongest response) , and soil selenium content ( rice/wheat optimal in moderate selenium soils, maize in
low selenium soils ). Selenium application proves effective for yield and quality improvement, but strategies must be

optimized based on crop, regional, and soil conditions to ensure human selenium nutrition and agricultural productivity.
Key Words: selenium application; wheat; maize; rice; yield; selenium content; quality; Meta-analysis
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Fig.1 Flowchart of literature inclusion process

FPRLAT &

- KHE
b /J\%

0 500 km
[

2 AXWEMEHEEGTKBNE ERNEFEMRE ENRESEARAENEERERUE
Fig.2 The location of field trial sites collected in this analysis with Rice, Wheat Maize Total yield, Se content,starch protein content and

protein content with Se application
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Table 1 Classification and grouping of explanatory variables for effects of foliar Se application on Wheat/Maize/Rice grain yield, Se content,

Starch content and Protein content databas

WA F K Influence factor S22 Classification of sub-group

1EY) Crop variety /N EAK JKFE Wheat Maize Rice

Jiti AL 752 Selenium application method Wt it EE A L Foliar application ,Soil application Soil and Foliar application
IR AL AEm AR AR PE R AL

I8 X 38, Experiment region Eastern China, North China, South China, Central China, Northeast China, Southwest China,
Northwestern China

+ 2T Soil total Se (mg/kg) <0.125.,0.125—0.175,0.175—0.450 , =0.450—3.00

2 ERSW

2.1 AR IR E KRS ANA KR RPRLA i VERD B 5 1 B B 2R S0
XHEAT /N | KK B 7k RPRCAI 5 ek EA 5 ek 5 2 1 B 43 H S O P A 2 M e A 56
(F2), Hrb SAMEAGACAR b, S KRG /N 22 | FOK P i A BN, SRR 5.41% (A5 X 1] 4.74%—
6.08% ) HLI R0 24 8.3 (P, <0.01) 3 XFRFRLAN & £ (19 $2 T+ 52 WA (8250 164.09% (B AR X A 156.15%—
169.21% , P,<0.01) ; XPAFRLGE M 5 1k $2 BN 0 25, BOWAE N 2.39% (B AF X[ 1.71%—3.06% , P, <
0.05) ; X AFHREER 1 5 &5 f 4R A IR0, 28 R 4.99% (AR IX 8] 3.78%—6.2% ) , {H 8 F i 48 I 35 B A
#(P,>0.05) .
R 2 PRI TER SR A5 R R 4 DIEPRI9 4 2 R BN BIR T IR AR B, AR 30 77 , RIS
AR P4
2.2 AR KAR ANAE TR RN Y R
MIEL 3 T LA XS KA /N2 K G 7 RO R 5.419% (95% C1:4.74%—6.08% ,P,<0.01) , H.
95% {5 X 18] T BRPIRT 0, WP BRI 00 . (EA I 22 5 3% Ly /022 68 8 A o )7 e 80, 394
FERNAE K 8.72% (95% C1:7.69%—9.75% ,P,<0.01) , B {5 X M AEE G il 5 5 brao ¥ w2 . KR35
=R 5 0 RN SN AE N 6.34% (95% C1:4.98%—7.71%) ., Jith il Xf T K 14 38 7= 5580 B R 0.46% (95%
C1:-0.71%—1.63%,P,<0.01) , BB A5 IX [0 5 A0 (& nFEA SR bk ) L0 P <0.01 RISETT 8 P4 & 5 22
GFEAHT SRR BT TR AETE AR =00
MR 75 2, AN L FH 7 O 489 7 RO0E ) 5 ) S A AR AIE /N R R 7 SN (B 43 3 | B8O (B4
5K 8.77%(95% C1:6.31%—11.23% ,P,=0.867>0.05) Fil 6.79% (95% C1.5.6%—7.98%,P,=0397>0.05) {H
DRI e B 2E B 56 S Tt P, 3>0.05, 35 83 5 FORBEERUN{E 0.79% (95% C1:-0.32%—1.9%) , & .
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FAE . dtarh, KR AN BE RN, BN AE 5351 R 6.15% (95% C1:1.18%—11.12% ,P,>0.05) Fil 8.39%
(95%C1:0.37%—16.42% ,P,>0.05) A [FIFEH P,>0.05 , (LRI FE 3 7= R 35 s Tk MR (- 1.19% (95%
CI:-3.85%—42.38% , P, >0.05 ) FE {5 IX A BE 2 P >0.05 , J6 8 35 0™ UE 4 , £ + WG X /K B i1/ 2 1 17
B3R 1.31% (95%C1: =7.72%—10.35% , P,>0.05) il 14.86(95%Cl: —12.66%—16.42% ,P,>0.05) ,95%
EAR X8 R BR/ANT O, FT AR =8OR T0 i A8 Ak, b o] AR MY it A S R0 - o g A %ot 7K RS /N2 7 e
B IR0, EL IS 3ok SR 1 B 2 T AR, AT X T oK 7 R TR R, I X T K ) 7 R R U S
ITEN

K2 EEXKENE ERFEBEEELNESUNE

Table 2 Comprehensive effect size of Se application on yield and quality of Rice, Wheat, Maize

PR A T
Index Sampling Increase pve
number rate/% Q PQ Sn+10 Fail-safe number

FEiE Yield i 790 5.41 110.64 <0.01 3960 73054.2

PN 199 6.34

NS 349 8.72

ESPS 242 0.46
kL Se &t Bt 1081 164.09 49.12 <0.01 5415 1573627.7
Grain Se content IKFE 237 137.04

IS 407 158.45

K 437 184.11
FERLUER & 1 B 179 2.39 16.19 <0.05 905 3503.5
Grain starch content K FF 63 9.5

INEE 40 1.78

EPN 76 3.87
FPRLER 0 1 B 299 4.99 4.07 >0.05 1505 6581.3
Grain protein content IKFE 59 3.17

INEE 154 4,67

E¥N 86 9.17

MHBIX KT (& 3) AT KRG /INZE | oK 7= i 14 5 i) PR bl 765 2 5 ( 3 A I %6 ) R 3
I3k KA I AR E A AR b X5 3 A E RN, BONAEN 12.06% (95% C1:10.17%—13.95% , P ,<0.01) ; KK
SV HLIX. AR AR B IX | A i DRI P b X 2% 65 1B 73 53R 10.169% (95%Cl:3.36%—16.95%) .6.45% (95%
CI:3.89%—9.01%) .5.09% (95%CI:3.17%—7.01% ) F1 4.77% (95%CI : 1.83%—7.77%) , AL FIHE T B X 3L
433K 2.32% (95% CI:-0.225%—6.89% ) F1 2.48% (95% CI:-0.086%—5.83% ) BN AE M 1F , (B A B 1%
DX [0 o 2 5 M DU AS S 2 B PR 5, KRR AT 34 7= S B AR b PR 2 AR AE , /INZE it PR A , AN ) b X 7 o
SN 2 22 5, Forh Al b IR 7 i R IERONE, RO R 17.27% (95% C1:13.56%—20.97% , P, <
0.01) , Hy NP ALHIX  BLN K 4.6% (95% C1:3.20%—8.88% ,P,<0.01) , Fo A [X A & 75 X o] 25 2%, G &
FIEAE AT, K AT AL X b M DX ik B2 W35 TE RO, AL A 2.05% (95% C1:2.30%—3.73% , P, <
0.05) , B AL XUV AE A 11.25% (95%C1 :4.41%—17.94% ) F W A i {EAE A B /D (number = 8) S T4
JRURE: A, JHAln X PRS0 A by 7 Bl A X i) 85 2 i i A o) 7 g A S 0 S I 3 R B, AN )l X i 7K
i NFE KRR ) 2 A B b o) SRR L AR b DA J5 L /N2 17.27% 1) I & 3G P2 000, B S T
IKRE(2.32% ) 5 EK(2.05%) | LA /NAZ AT 0ELJO 35 5 1 R 200 DX 5 SR A DX TR A 52 B 11.25% (¥93800 fH
(BSZREA B BN S B RS ) | D0 T KA (6.45% ) FI/NAE (2.42% ) , e B0 35 K A 32 DX S G i
WA, TARACHE XHERNS , oK (3.16%) /NEE (2.9% ) BIR LB E 37 ROR , o Hh iz X A 25 11 (A
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FERANAE Effects of yield/%
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Fig.3 Effects of species, Se application measure and area and total Se content in soil on the response of plant yield to Se application
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Fig.4 Effects of species, Se application measure and area and total Se content in soil on the response of grain Se content to Se

application
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Fig.5 Effects of species, Se application measure and area and total Se content in soil on the response of grain Starch content to

Se application
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H 2.95% (0.46%—5.43% ) ; 1F + ST & HE 0.175—0.450 mg/kg I i Al %if /)5 22 R0 TE A & 32 TH B9 S M A i
= BN E A -0.06% (—1.42%—1.30% ) , T KAE 30 5 B <0.125 mg/kg Bt it il X s 3 49325 2 100 52 i 52
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Fig.6 Effects of species, Se application measure and area and total Se content in soil on the response of grain Protein content to Se

application
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