IPH AR 2025,53(4) :64-72 Journal of Shanxi Agricultural Sciences

IhT LU ECR B ALES A OB A AL X R A BT BRI R S A2 s e [T, 1 S AL B 24, 2025, 53(4) 1 64-72.
SU N, XIE H C, JIANG L L, et al. Effects of photocarbon core fertilizer on soil nutrients and selenium absorption and transport of
highland barley[J]. Journal of Shanxi Agricultural Sciences,2025,53(4) :64-72.

doi:10.26942/].cnki.issn.1002-2481.2025.04.08

St i 1% BE X + 82 5% 43 B 5 AR Al IR U 3% 13 /Y 52

o7 LEEERLEAR LA RALMAFM L E OBLE R LHKRT!

(1. 95 K2p B2 B, 1 P57 8100163 2. I IHTE K2F B Arfl2E 2 B, &I 165 810007)

OO R AT G Al T X BB 00 TR R 5 e B A 0 RO AR T I T R AE S AR Y ST
R E 6 A ERRAZ AT 2 (0(CK) .600(G1) . 750(G2) ,900(G3) ,1 050(G4) .1 200(G5)kg/hm?*) . HF5E
B LT kS Bk A T T TR 4R AT - 3 57 43 Bl BB S R0 WU 3 Y RE L B AR A R ORI R AR R
PEUR A 5 A A AR LT B o S5 AL AR WY IS e O R AT T R s A AL L A Ak
AR SR S L E G AN HE T R HEZE A AR J B (TFT) 38 3 o w1 (1.88) , 45 Ad B 1A] 19 + 46 pH {6 Wk 3% 22
St il FH Rl A% T T b 2 B iR 90 A A R O e, 42 AT 00 R AL A BLBT R R S A RO
o IA] 2 M S IR AR DG R AR A T BE £ T AR A AR AN i /MR KO AR > > 25 R R R R
HUATS 55 O3 2 67.9% o 45 2% B 10 5 48 R B /MR IR AR = 01 = 25 > P b 7 38 R TE o oMK F 1, 83
W 05 5 25 o DA 0 25 0 A B4 A SR Y 5558 R B Ty o 25 55 A8 1035, 000 0 16 00 A2 T X I i) T G 1
s oW FHER . % 1R HE 900 kg/hm” Yo 4% A0 (G 3 Ak 1) 55 S d5e A, LT A g o8 K 4R 7 il 38 R A9 3k 8%

B
KEIA JCIRNL ;s 7B L ARG A DL o5 L TR B R
HE S %S :S512.3 X kAR IRAS ;A X &4 S :1002-2481(2025) 04-0064-09

Effects of Photocarbon Core Fertilizer on Soil Nutrients and
Selenium Absorption and Transport of Highland Barley

SU Ning', XIE Huichun®, JIANG Liling', QIAO Feng®,ZHENG Wancai',
LI Juan', WANG Rong', GENG Guigong'
(1.Academy of Agriculture and Forestry Sciences, Qinghai University, Xining 810016, China;
2.College of Life Sciences, Qinghai Normal University , Xining 810007, China)

Abstract: In order to solve the adverse effects of application of traditional chemical fertilizers on the environment and the
low efficiency of selenium absorption in crops, in this study, 6 application rates of photocarbon core fertilizer(0(CK), 600(G1),
750(G2), 900(G3), 1 050(G4), and 1 200(G5) kg/ha) were set in the experiment, the ability of a new organic fertilizer,
photocarbon core fertilizer, to improve the nutrients of naturally selenium-rich soil and enhance the absorption and transport of
selenium in highland barley was evaluated without the addition of exogenous selenium, so as to provide a theoretical basis for
the efficient use of natural selenium-rich resources to produce green and safe selenium-rich agricultural products. The results
showed that application of appropriate photocarbon core fertilizer could increase the contents of soil organic matter, total
nitrogen, total phosphorus, total potassium, and available nutrients, the soil integrated fertility index(IFI) under G3 treatment
reached the highest value of 1.88, and there was no significant difference in soil pH among all treatments. Application of
photocarbon core fertilizer could significantly increase the contents of total selenium and available selenium in soil, and promote
the activation of selenium in soil. Organic matter and alkali-hydrolyzed nitrogen were extremely significantly positively

correlated with available selenium content. Application of photocarbon core fertilizer could increase the selenium content of
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highland barley organs, the content was in the order of root > leaf > stem > grain, the proportion of organic selenium in grain

increased to 67.9%. The bioconcentration factor(BCF) value of selenium in all organs was in the order of root > leaf >

stem => grain, and the leaf/stem value of TF was greater than 1, indicating that selenium was more easily transferred from

stem to leaf, but there was no significant difference among the treatments, revealing that photocarbon core fertilizer had no

significant effect on the transfer of selenium from leaf to grain. In conclusion, the best effect was achieved when the basal

application rate of photocarbon core fertilizer was 900 kg/ha(G3), which could be used as a cultivation management measure in

naturally selenium-rich soil.

Keywords: photocarbon core fertilizer; integrated fertility index; proportion of organic selenium; highland barley; concen-

tration factor
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Tab.1 Classification standards of different soil indexes

S(jﬁ’i"ﬁes TN/(g/kg) TP/(g/ke) TK/(g/kg) AN/(mg/kg) AP/(mg/kg) AK/(mg/kg) OM/(g/kg)  pH
X, 0.75 0.7 10 60 5 50 10 4.5
X, 1.00 1.5 15 120 10 100 20 6.5
X, 1.50 2.0 20 180 20 150 30 8.5

(2)

A IFTR 25 5 N8 T 48 8, TF T, 8 3
B I ) R L IF L, 45 5 IE O &0
B /ME 7 Y R TR

1.4.2 HERB(BCF)MEEE ZB(TF)™
WA R E(BCE) =R AE Wl & &/ 1 Sl &
i (3)
RoP: RTINIURETR fA S SN QT el i R TIPS
100% (4)
TF =Wl 5 5 /AR 2200 25 (5)
TF =Wl 5 55 /2500 75 = (6)
TF g = FERLAT B 5 /0400 75 5 (7)

1.5 ity

K H Excel 2016 % #8CE 5 1 SPSS 25.0 X}
+ R BR A R BCHE 2F AT 5 2 40 b, OF A
Duncan % #F 1T £ & L4, P<0.05FE /RN EZ R B F;
FIHH Origin 2021 8K FE A L
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2.1 EwmAZIERT AR A IEFRA R

2.1.1  LERbvERT AR 2WLLE it DG ik
AT 2 38 m - B A AL (P<<0.05) ,G3 4L
HHUE & Es B, M 16.12 g/kg. 45 Jifi I Ab 21
[ 1 HE A B & B 8 CK 40 939 hm 8.7 % . 22.8%
36.8%0.29.4%.25.4% . HIELA ABEMEH SR
A Bt Al A% R S 1) 34 n 222 2 1 5 0 ) s 4L A CK
A3 BN 3.4%~20.6% .2.8%~16.9% #19.0%~
19.8% o G1~G5 Ay + HEmk fif 0 A3 %5085 Ak 5%
B AR CK A3 i 1 4.6 %60 ~24.8 %6 .12.8 %o~
111.7% #16.6 % ~56.0% (P<<0.05) , H:H 7E G3 4b
FRT B & B A, oM 99.00 mg/kg. G4 G54k
T YA RO A R G3 LG4 G5 AL PR Y S &
W T H Al AL B (P<<0.05) . 4 pH {78 4% 4b
PRIAITC B 3% 22 5%«
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Tab.2 Changes of soil physicochemical properties under different application of photocarbon core fertilizer

'I‘rﬁ\t}fent OM/(g/kg) pH TN/(g/kg)  TP/(g/kg) TK/(g/kg)  AN/(mg/kg) AP/(mg/kg) AK/(mg/kg)
CK 11.7940.33d  8.60%0.11a 0.97£0.04c  2.134+0.16c  20.25=1.72b 79.33+3.21c 21.70+4.60d 327.33+15.95¢
G1 12.8240.47¢ 8.63£0.02a 1.0140.03bc  2.194£0.08bc 22.0742.19ab  83.00£2.00c 24.47=+1.42cd 349.00+16.00c
G2 14.47+0.53b  8.64+0.04a 1.05£0.03b  2.1940.07bc 22.57+0.62ab  93.3342.08b 29.20+2.00c  382.33417.95b
G3 16.12+0.20a 8.624+0.08a 1.1740.03a  2.34+0.07ab 24.26+2.24a 99.00+3.00a 36.90+3.01b  494.00+12.00a
G4 15.254+0.58b 8.6640.03a 1.14+0.03a  2.494+0.11a  23.32+1.57ab  84.00*+2.65¢ 45.93+3.19a 510.67+11.06a

G5 14.78+0.46b 8.7140.02a 1.01£0.02bc 2.444-0.08a

23.25®£1.18ab  92.004+3.61b 44.90+£5.45a 495.67+12.66a

TE AR /ING 5 B 7R 4% Ak B ) 22 57 k25 (P<20.05) . & 3.

Note: Different lowercase letters indicated significant differences among the treatments(P<0.05). The same as Tab.3.
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Treatment

AR K5 5 B 0% & Ak B 0] 22 57 11 5 35 (P<<0.01)
Different capital letters indicated significant differences among
the treatments(P<<0.01)

B1 XBZEERATIESESENEHNTL
Fig.1 Changes of soil integrated fertility index under

application of photocarbon core fertilizer
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1.88,7E G3 b # FiA 3 f iy, i 1.88(1 1),
2.2 FEHRZENTEFERREEENENZIE
2.2.1  LYEARAG RO S R 2 0] i
SR AZ AR AT DL 35 4R B Al i (P<<0.05)
Gl~G5 A FRAE CKIG N T 1.4%~7.8% , 5 i 18 5
0.277 mg/kg. 1€ G3AbH T 75 B £ e A &4 i 75
9 57.94 pg/kg, I8 B, B CKRTE T 21.7%.
- SR 5 T U S B - B R A e e
A - S AL VR g bt A A A 9 Ak R 2 e T R
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Different lowercase letters indicated significant differences between treatments(P<Z0.05). The same as Fig.4
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Fig.2 Effect of application of photocarbon core fertilizer on total selenium and available selenium in highland barley soil

+ 67



W PGP R 22 2025 4R 45 53 445 4 1)

2.2.2 - HEA XG5 4 5 B A0 M TR 2 A) Y AH O
PE A RO SR e A R PR A I G
HER . K 3R EoR, AP TS A Rk
Bl 2 0E A OG5 LSRR R S 1 R G R B
4391 R 0.62 F1 0.80, ik Bl M i 3 /K F (P<<0.01) .
& M b A LT e R R I B n e AT AR
o T BRI A AN A, S BN A Y i AL
FIH -

mon 900000
pH o ® oo 06
TN| 075 n OO O . 04
o6 055 oss ™ (@) . . 02
TK| 0.68 050 059 TK . . . 0

AN| 075 0.49 051 AN . . -0.2
-0.4
AP[ 077 047 046 080 051 AP .
-0.6
AK| 088 066 081 062 051 093 Ak (@
-0.8
H54Se| 062 047 0.80 046 HSe
-1.0

OM pH TN TP TK AN AP AK F%(Se

*P<20.05, **P<C0.01, ***P<.0.001
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Fig.3 Correlation between soil available selenium and

soil physicochemical properties

23 BEREFDEMWEBKEZIER
2.3.1  FRRAR ZE M ORPRLAOEN SR i DGR
R HE Xk 75 BR A A B A 5 B A AN 8T 4 T

0.24r
4R Root 2% Stem
0.21 F 0 Leaf FPAL Grain
0.18} i
¥ E a b
< z 0.15 2 . ‘} S
g S 3
T Eo0a2 W 2
gﬁ'ﬂ QE' Ps a
Qe
0.06
0.03
0 . |
G2 G3
Abpg
Treatment

B4 HERAXGZENSERE[NEWLIENER
Fig.4 Comprison of selenium contents in organs of
highland barley after application of photocarbon

core fertilizer
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M AT] DL it G RR % IE J5 5 B s
2 B A R A AR AL & i IE AR B CK & ey
Jei B s e, R T b B ) GA R 3 K S (P<<
0.05) . T FRAR (25 I OFFRL Y B 5 o A it T b 2R
BCKA i m T 4.2%0~59.9% .10.6 % ~42.5% .
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25 o E O RN R > > 2 > R
KR+ T BOFFRLAE 2 i 0.07 mg/kg,
I8 B A K, G1~G5 &b B B 5 A7 KLk 3 & A
PRUERY, Fe ik 0.09 mg/kg.
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FEORF AR L BY N, &Y R0 5
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A= A SR Y IS BT LA i A b B A
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it FH O B A% B RT R R RO R AILAR B o L,
AR SE A P K LG 1 £ s A A
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Fig.5 Proportion of organic selenium and inorganic
selenium in grain under application of photocarbon

kernel fertilizer
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Tab.3 Effects of photocarbon core fertilizer on selenium enrichment and transfer in highland barley

BCF TF
Ab B — - — -
Treatment Uicd = i hER A /R S AFHRL/

Root Stem Leaf Grain Leaf/Root Leaf/Stem Grain/Leaf
CK 0.42+0.02¢ 0.32+0.03c 0.404+0.01c 0.28+0.01c¢ 0.9540.05a 1.26+0.12a 0.70£0.05ab
Gl 0.53+0.01b 0.35740.03bc 0.45+0.00b 0.30=£0.00ab 0.86+0.02b 1.30+0.10a 0.67+0.02b
G2 0.53+0.01b 0.39240.02ab 0.46-+0.03ab 0.31£0.01ab 0.86+0.04b 1.1840.04a 0.67-+0.05b
G3 0.63+£0.03a 0.42+0.02a 0.4940.03a 0.33£0.02a 0.79+0.01c 1.1740.02a 0.66+0.07b
G4 0.54-+0.01b 0.39+0.02a 0.46+0.02ab 0.32+0.02a 0.8540.01bc 1.18+0.01a 0.70£0.03ab
G5 0.42+0.02¢ 0.39+0.02ab 0.3940.01c 0.30+0.01b 0.944-0.04a 1.02+0.03b 0.77+0.02a

FETE FHOE R AZ L G, B TF e i F 0.79~
0.95, H G3.G4 &b P AH B & K F H b &b B (P<<
0.05) , ¥ CK 43 il B Ik T 16.8% 1 10.1% , 3 ]
G1~G5 4b H 25 B AR A8 N AR ] M 5% 32 09 fiE 07
TF w7 1.02~1.30, ¥ KT 1, I, il 30 25 55 MK
YEV B ZEBE AT X T TF g & A0 BR8] 22 52 48 12
F LU0 it A A B X b ) RF R 6 14§ 02 T B B
YEH -

3 it 5itik

3.1 MERIZIEXT 1R A5 IRAI RN

- HEA B E A - HEAT T RSk R RE
1 B A5 b, A% H it F AT HLIE A A ok - e g
¥, 52 i b 38 1 A W 24 ke M AR T AR O
AW 5T 22 BA it F o' i A B RT3 R v T R R0
A HLTE &, X 0T AR5 IR R S R TR A L
YA G o 45 SO g 2 B AR A v FiC & AT AL
B AT G 3 R i JE X HEEE 0~10 em )2 LA
BLIT A L A B L T A L A R o A o
HLA MLJT T 5 it A= 4048 HLAE Ak B b 5 g o

- M AR A R R B Y R R W ORI
FHM 3R 5 0 B IR RAE L 5R it 4 e )
) e 55 A R, R A A AR K T T A EE SR T R WOk
PRV A e A SR S R R L R )
FEED AR EE P e Mg i, EEEETR
Ny, A LR B A Ak A AT LA AR 4 SRR 4 i AR
Bl B 3R FIUH AR . AR5 O Bk A AT BT
P v A R A RO RN A L X S AT A
5T 45 SR AH — 30 v A A0l o G R R
BMCKIR®E T 12.8%~111.7% . 5% @4 HLAEH

Fb, Y i N0 & A RERR ER A A BRI G A Al A
B PR A 45— U 25 TR, X BB AR W ] DL AR
KA VE M B, HLA VS R O R ) 8 B AR
- X A T R R B R AT R A L R
B AL BE AP 78 A BL T & o, A LT SR Y oy
fift Je L R 4 ORI A JE AR T, 5 R g rp At Wy B 4
G A PLTHLE A K 12 3E 1 38 v AT A 45 44
(4 T2 B, DT AT DL Bl 18 4 B8 vh ok BB B P
J& L ek LR AN B S B
3.2 MERIZBEXT W AR

AW 5 26 B e FH 3 0 O kA% IE AT B 3 4R
ey T A A OR B i, H A SR T AR R B DG
MEEHENRESZ2ETRFEMESR, . X50H
M58 25 AL . & THEIWE IR FE ANt Ak
TEAI A 45 0, - A ORI 5 o B3 Ak R Bl A
Y A7 B e 5 ) o i B . e AU I 5 A
YA HLIE 5 3 Fh et ke R 590 T it xoF 5% el = 49 A 3
G 1) 1 FH B 22 0, AN B8 I A1 J5URR 4% 4R 3 ok P U
T AT DA Sk v R A A R o S TR
FEINN AN T P U 8 4% 5 it 7 S )RR A TR
AR T o L AR TN R R € NI E 78 = ) 2R e TR L]
i, Bl ak #0.093 mg/kg, W R TR R AR
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