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Effects of exogenous organic selenium and nano- selenium on growth,

quality, and Se content in ginger
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Fengling’, ZHU Jin', WU Jinping’
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and Genetic Improvement/Industrial Crops Institute, Hubei Academy of Agricultural Sciences, Wuhan 430064, Hubei, China; 3. Agricul-
tural Technology Extension Center of Laifeng County in Enshi City, Laifeng 445700, Hubei, China)

Abstract: Selenium(Se)is an essential trace element for the human body and must be acquired externally through the diet.
Thus, developing selenium- enriched functional crops has become a key strategy for selenium supplementation. In this
study, Fengtou ginger was used as the test material. A field experiment was conducted involving foliar spraying of organic
selenium and nano-selenium at concentrations ranging from 120 to 200 mg - L', with spraying clear water as the control
(CK). The effects of different selenium sources on ginger growth, quality, and selenium accumulation were analyzed. The
results indicated that foliar application of 120 mg- L' nano-selenium resulted in a rhizome fresh mass of 1180 g per ginger
plant, which was significantly 76.12% higher than that of the CK. In contrast, spraying 200 mg - L' organic selenium
increased ginger yield by 28.36%. For the treatment with 200 mg- L™ nano-selenium, the soluble sugar content significantly
increased 0.16 percent points than that of CK, whereas the soluble protein content decreased by 0.63%. Although the

160 mg - L' organic selenium treatment inhibited protein synthesis, the organic selenium content in ginger rhizomes
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reached 0.225 mg - kg'', a significant increase of 114.29% compared with CK. Nano-selenium treatments significantly

reduced soil pH to the range of 5.09-5.32 and activated soil nitrogen, phosphorus, and potassium (with available potassi-

um content decreasing significantly by 47.69%). In contrast, organic selenium exhibited a bidirectional regulatory effect

on soil pH. Considering yield, quality, and soil environmental impacts comprehensively, 160 mg-L"' organic selenium was

identified as the optimal concentration for selenium enrichment (achieving the peak organic selenium content in ginger).

However, 200 mg - L nano-selenium was more suitable for functional ginger production, as it not only increased yield by

25.37% but also enhanced selenium fortification and soil nutrient activation.

Key words: Ginger; Quality; Yield; Organic selenium; Nano-selenium
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ANTRI AL FE R RR A 79.0~88.2 cm, FEIE A 53.0~
60.4 cm, 735 HCN 18.0~25.8 1, KN 19.6~23.4 cm,
55 N 2.36~2.86 cm, - ZE 400N 16.00~22.00 7,
Hi E 25 WO 58.2~65.60 cm, i E 25 FH A 1.08~
1.24 cm, HURZEK N 23.4~27.9 cm, T 26N 2.34~
312 cm, TEZTH N 72~82 71, FETHK N
0.98~1.68 cm, A E&Fabrlal 2 AR E . AFACH
ESOREDFFEARUER 1 P, A UL 2 40 )
RN, o HROHR 25 9 B CKO 3 0 2> 23.08%~
53.85% , 4 AU 3 PEIK 10.00%~15.00%. 42K
G Ak 2 D) 2% FIARE JE 80 5 % Ik 35 4 o ARUOIR 25 58
16.60~17.80 cm, 5 CK T\ # 7% 5, HH 120 mg- L

AL B ) B RR AR 25 B 0A 1180 g, % CK B i
76.12%:200 mg- L KAl Ab 3 1+ 22K 9.60 cm,
B CK N 2.13% , {H 22 AN R 2, SRR FEX i T 28
HAEKNGAIREIER . BARE  g9KA X E 2
2K E B IE ) 2 ORI T A HLEG, Jt B
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Table 1 Effects of different treatments on some biological
characteristics of ginger

HEARZE 4y
Oy FLBRAR N
e e SCEL U e THK
HORZE5 . REF &= .
Ab ¥R . Rhizome . Ginger
Rhizome Rhizome
Treatment branch root
broad/cm . mass
progression/ length/cm
per plant/g
level
CK 15.60+1.67a 4.0+0.0 a 670+82bc  9.40+2.07 a
Tl 7.20+1.92¢  3.6£0.5b 480+86 ¢ 8.32+1.01 ab
T2 7.20+1.92¢  3.6£0.5b 650+61 bc  7.40+1.19 ab
T3 12.00+4.53b 3.4+0.5b 860+104 ab 8.40+1.52 ab
T4 16.60+1.52a 4.0+0.0 a 1 180+96 a 9.20+2.59 a
T5 17.20£1.79a 4.0+0.0 a 780+20 bc  6.50+1.32b
T6 17.80+1.92a 4.0+0.0 a 840+95 b 9.60+2.30 a

W RIBUANE /NG FBERIRAE 0.05 /KT ER 23 A
Note: Different small letters in the same column indicate signifi-

cant difference at 0.05 level. The same below.
22 AESCIEXHE ESRAEN

13 2 WA, AN A A5G A B %o AR 32 T R A
W FEAE 22 5o AT I B S B AE A LG AL B R B
WP T SRR B, SR 200 mg - L R
CK 35 [RAIK 56.96% 5 4R KA Ab 35 ) 5252 3 - 5 1)
94,200 mg- L' A5 CK L& 257 . ol HEpE
B B AT T AR A B A 8 T CK Hrh gl
KA 200 mg - L' AL B HEIE oK, W $E = 0.16 H 4y
R RIS T s . 4EAEER C S EAEYIKAT
160 mg- L' AL BRI 8 CK #2157 28.27% , (H 2 7 A 2
2 5 A ATURR A 2 U] 2 3 L 0k 4 5 S5 K BRI
19.76% o 5 A1 U5 filh Ak B ) 40 i & = KT
CK, {H %% 4b 3 8] G 2 3% 22 57, 3 WA 5 6f A= 22+
VIR AR TC R 2 RO o £ ARG Ak B D RE 4T 4 A
B®5 CK ¥R EZ R, RFMIERT A 22 4 4 77
KR LN
23 ARLGEMTIEBEUEROEZMES ®ERE
KBRS A

RIGEIE R (R 3D, HMIR G A B 2% o Ap
TR FESNE LBRARE . 5V L&
(pH 5.95) H EE , A LA A& 3 1) pH 2 3 [n] 3 5 =
R (120 mg - LD AL FEAY pH B FHZ 6.21, Hik
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Table 2 Effects of different treatments on ginger quality
e wCAIEIEE E)D wCAVETERE) w(iE 3 O w5 wCHEZR4E)
Treatment Soluble protein content/  Soluble sugar content/ Vitamin C content/ Dry matter content/ Crude fibre content/
(mg-g" % (mg-100 g™ % %

CK 1.5840.25 a 0.35+0.01 f 40.85+3.08 abc 16.10£2.95 a 0.29+0.001 a

Tl 1.73£0.04 a 0.42+0.01 d 32.78+4.47 ¢ 14.47+£1.78 a 0.29+0.001 a

T2 1.24+0.07 b 0.40+£0.01 e 39.75+5.87 be 13.73£2.71 a 0.26+0.005 a

T3 0.68+0.04 d 0.45+0.01 ¢ 39.55+2.40 be 15.20£3.30 a 0.29+0.005 a

T4 1.01£0.09 ¢ 0.46+0.01 ¢ 41.29+1.09 abe 14.32£3.82 a 0.29+0.005 a

T5 1.1240.05 be 0.47+0.01 b 52.40<14.72 a 14.04+£2.84 a 0.25+0.002 a

T6 1.5740.02 a 0.51+0.01 a 46.00+2.85 ab 15.03£3.32a 0.29+0.005 a

F3 AR T IEE %R E
Table 3 Effects of different treatments on soil physical and chemical properties
e wOKAFED wOR R ) wOE D wCEHLTD
Treatment Hydrolyzed nitrogen Fast available phosphorus Quick acting potassium Organic matter pH
content/(mg-kg™) content/(mg-kg") content/(mg-kg™") content/%

CK 82.13+4.97 a 120.71£3.99 b 506.07+10.19 a 1.34£0.05 a 6.02+£0.02 ¢
Tl 67.08£1.76 ¢ 113.14+5.31 be 504.40+7.43 a 1.3540.13 a 6.21£0.01 b
T2 57.87+3.64 d 178.28+4.71 a 395.13+£7.83 ¢ 1.260.13 a 5.66+0.03 d
T3 54.37+2.67 d 102.20+9.98 cd 439.89+7.42 b 1.3240.07 a 6.37£0.02 a
T4 53.20+3.03 d 104.11+8.90 cd 305.44+3.29 d 1.234£0.06 a 5.32+£0.02 ¢
T5 74.20£6.06 b 94.49+12.08 d 264.73+£3.08 £ 1.23£0.02 a 5.31£0.01 ¢
T6 59.62+3.64 d 106.98+6.94 bed 284.18+4.46 ¢ 1.21£0.04 a 5.09+0.04 f

(160 mg-L')AFEF pH %% 5.66, 1M &
(200 mg-LOALFRN 2 £ 42 T+ 2 6.37. (HAFVE RN
T, GRS Ab B 22 T L 5 2 1) R 4K RRSE L BT A IR
£ 4 FE AL R pH 33 8 35 PR A, HoHb 200 mg - LY
Qb A 46 AR 14.45% . TE 37 4> S5 4k 7 1

KA B R EFERNCTFESIERRN .

160 mg - L™ 44 K fify Ak 2 A5 38 2 41 7 & W 2 B AIK
47.69% , 1M 18 25 0 & & 7] 8 B FE AR 21.72% .
A HUARG &b P U] 52 I 2 S A v Y : H R 160 mg - L
Ak PR P 2 AR T I _5;47 69% , T 200 mg - L
b R 2 BRI R B S B 15.33%. KRR S &
15 5 A1 U5 A A 38 rp 2 1 3 PR AR, A g oK
120 mg - L' Ab 3 [ 08 5% K, 18 35.22% , I 7 il b
AT R 3 o o) A PR A iR R 1 S R T
o B& 120 mg- L™ A LA 40 22 (G AL & = A =
T CK b, Hih b BT CK, H & b 5
CK 70 i # % R .

i Mantel 15 % & B (B 1), L3 BRAL S bx
54 22 5 U AT S 2 N 4% B AE (Mantel” s 1=
0.63,P=0.002), AEHFYEAER C HE AR S
&5 A I 2 O OC, nIE I R A &
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TEERFIMGHEER CTREEEMMEER
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BSHHUKME S R EMEZ LR, 5 HIEEK
Wi E%E*H?% FHEFYE & B 5 IR
EChT,

2.4 xmwiiaﬁ%ﬁ A
T 4 BT LU Y, A 2 LA o o A 22
S S Bk 2 LA S 2. BR 160 mg - L gRKAR &b
B R i R T CK Ak, oAt A T Ad 2 3
ﬂ%ﬁ% CK. AMJGH A3 AT DU 203 & A 22 A AL
aE,E%Wﬁﬂﬁ@ﬁ%&%%ﬁﬁmmmﬁm
B 2 e 5 AR A, B AL ERIR A
160 mg- L', b A4E 22 NG HLIG & 25 CK B g
114.28%; T A= 22 A AL & S A5 MRG0 KAl e
(184 o 2 SR S B PR A, A PR S 160 mg - L
B, AR ZNANL S ES CK LR 25 AN
200 mg- L', AEZ A LGS 25 CK 2455
65.71%.
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44 2 C ¥ & Vitamin C content

|
LCOOOO0O000
IO NEISTENNCN

T 1 B & Soluble sugar content
TP & % & Soluble protein content
T-Y)% & & Dry matter content

HLZF k5 & Crude fibre content

TE ¥ RIRAE 0.05 KT RZFAIR  #FFRIRAE 0.01 KPR AN #*FRIRAE 0.001 /KPR 2 AR

Note: * represents significant correlation at 0.05 level; ** represents extremely significant correlation at 0.01 level; *** represents extremely sig-

nificant correlation at 0.001 level.

1 TREUMRSEEFEFT RS BEXERE

Fig. 1 Heat map of the correlation between soil physical and chemical properties and the nutrient components in ginger

x4 TRBIEZNE 2RI

Table 4 Effects of different treatments on selenium

content in ginger (mg-kg")

e wCED wCEHLARD wCHHLID

Total selenium  Inorganic Organic selenium
Treatment .

content selenium content  content
CK 0.146+0.010 e 0.041+0.003 d 0.105+0.010 d
Tl 0.266+0.020b  0.080+0.004 b 0.186+0.020 be
T2 0.317+0.010a  0.092+0.010 a 0.225+0.010 a
T3 0.253+0.020 bc ~ 0.064+0.010 ¢ 0.189+0.020 b
T4 0.206+0.010d  0.041+0.010d 0.165+0.010 ¢
T5 0.129+0.010 f  0.023+0.002 e 0.107+0.010d
T6 0.237+0.010 ¢ 0.063+0.010 ¢ 0.174+0.010 be

3 W4

AW FUGE R, SN A 2 b Ao
SRR AR TE Y ERTE A G L = N &
BT 2K, B P R GOKA P R R THE
P25 3K 5 H N ST AN R Al IE T 1540 7 B R i 22
FBCR R IE — 3" X — PG AT Be YR Tl 0] 1
P A= XU AT - 3 B i d e A A R A e it
AR T v R LA T RE 5 A SR A A 4 o) A ) A
;%[20]0

M TR AR A LA AL P 25 AR T RV

WA AR, S AR R TR EACEAE G 48K
38 A K GRS 34, T RETE 2 o 40 R R s o
Z 5E B E A, R AT A A A
WK R . X 5M/ENHEY) (RNA 45
(0 T RERFPEAR T AL, B AT S JRAR Ab 25 35 2 3
P& = AV PERE B, T A S 5 0 0 A g e
R AEARVER I, YUK AL B RESRTH4E AR C
o, SR IE AR C RN —
B, A LA AL BRI A 4E A | C R RBLR
B R 4R AR 28 C A LA B4 7 2, 3% BR 7 7
XTI AW R A B 2

FASAE M BRI S B & pH 5
RV PERE S R UG KBRS B 5
P A2 B IEAESC, Sl i A s L g R
Y AIARA AR 22 SR . SE S ORI SR I, B
) i ek 4D it FH B 5 22 Ul B & B IEAEOG,
5 AHE 50 A SN IR A IR B S A DL AR 2R R A A
Bho (BAHE TR I, A5 WL & B AE 160 mg- L B 1A
W& AE €0.225 mg - kg » 11T 4N KAl /£ 200 mg - L' i 4/
B EFHES R AN [F R CEAE P A P9 AR R AR
AFAE 225 o I THD VB8 it A 9 T 1 9 3 A 4 B 1)
S HURE T 2 & A2 0 AR A 5 Al AL
B EEAEH T LS, A RN KRR H S
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