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Abstract: Zinc (Zn), selenium (Se), and other trace elements, such as aluminum ( Al), calcium (Ca), iron (Fe),
copper (Cu) , and manganese (Mn) , are important indexes of tea quality. In Camellia sinensis the uptake mechanism of Zn
and Se and the internal cycles of trace elements in response to nitrogen (N) and phosphorus (P) fertilizers are unclear. The
tea plant “Fudingdabai” , located in the red-soil hilly region of China, was selected for a randomized block experiment with
three replications of five treatments; Zn+Se, Zn+Se+N, Zn+Se+P, Zn+Se+N+P, and a control ( CK). After three years of
fertilization, trace element concentrations were measured in the tea and mature leaves and the absorptive, transportive, and
storative roots. The concentrations of Zn, Se, and other trace elements in the above- and below-ground organs exhibited
divergent responses to the treatments. In all of the organs, Zn and Se were significantly elevated in the fertilized plots. In the
tea and mature leaves, Se concentrations significantly increased in the Zn+Se treated plots with N and/or P. Al and Fe (in

the absorptive and transportive roots) and Cu (in the storative roots) were significantly elevated in the fertilized plots. Mn
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was more prevalent in the transportive roots of the Zn+Se+N, Zn+Se+P, and Zn+Se+N+P treated plots. In the storative
roots, Mn increased only in the Zn+Se+N+P treatment. Ca did not differ. There was a positive correlation between Zn in the
tea and mature leaves and Zn in the absorptive roots, while Se in the tea and mature leaves was positively correlated with Se
in the storative roots. These results suggest that tea plants can absorb and accumulate Zn and Se, and N and P fertilizers
increase Se levels in tea leaves. This study provides a basis for cultivating high-quality tea with abundant Zn and Se and for

establishing tea gardens in the red-soil hilly region of China.

Key Words: Camellia sinensis; zinc; selenium; nitrogen and phosphorus fertilizers; trace elements

BE(Zn) FIAT(Se ) S ANPRDAAR A IEE " HA R0 IE B R e o PR s B S5 A
AERFIE R, FRE G/ AN DX Zn il Se X PFOTRBION T o WA Zn F Se L= MREIR , AT FAE
A SR AP R 4R Zn F Se MOFEY) 5 B HEE A (CARROKR AR ) BRI O (Cnzie ) 5507 Uk
PRIISCRI T, NI A R E . S RIEE , Zn R Se ZEAHA AR 1Y) &5 i EBARAS & (0 S SR/ 2 3 B (1) 74 3
R R FERE A KRB e R vh A 2 R AT S i £ FH Y Zn A0 Se Qe g AR Wl R — B2 B OG
T (B ARV R AR A 5 43 Tl i BRI A R

A(N) B (P) BAEWA KRBT RERCR" IHEY A fe AR AT BABERR, NR
IR AR EAR 2R ) AT aR R S P IR INA R T 2 KBRS EYPUIE PrReE N FIEL NP 55
Zn Se R L ARSAMER 0 5 VR P B S SR W, FFE RN R/ BE PR DIk s
SIS EY) Zn Se S5 (AL) 5 (Ca) Bk (Fe) Ml (Cu) F%E (Mn) S0 E M 5100 Zn Se o ffim o &
A RS I 2 X HEY) N (P R AT BN R ] . 87 50T 3R I VA AR 1) 56 F AN SURE i 4 4t Jo ™
HE5EY RS B VIME . H AR 2 B o0 R M OBOR A b s # B %t NP
e oo m R WIS BAAEZESR (HA L NP 5 Zn Se F il e Z G EAEY AR R & B IT R
SYECHLE ARG PRk, BT NP R i o 2 WROSOR B TR T E R B R IE X i e R AT
N ERTTERZ R o B il e Ol A P4 i 2%

ZM (Camellia sinensis) F&= W A7 B B2 TEY) , BTG SRR R TR M B oy AN
R B b BT A A IR R SRR X, T T R RO R 5, A A I B AR i BT Y H S
FRU7 AR R RO B 4R Zn Se S UG R IR RE, FE T UL, AHFSE AR SR A ASR S 4 E
1 HIERRI Zn Se FE3EAT N P 8 BETAS B AR B S5 A R 2SE Zn . Se (Al .Ca . Fe .Cu A1 Mn & &1
SN P T R LA ) (1) SN Zn+Se BSIIR AR $2 B 2SS R 20T Zn 1 Se &85 (2) N P B
ST Zn  Se AW S HArHC , TR 25 Zn 1 Se A2k (3) Zn Se N Fl/3X P AL ER I 4] 28 4
T HAD i TR BRI 3 BE . ISR NS & Zn & Se Ssffit—E 2%,

1 #MRERE

1.1 R IXHEN

XA TILP A T B B % (28°20' N,116°01 E) , 3K 2 30 m, %X K W HGHF 2 KIS R IX
AR AN REFR eI AR AR 17.5°C &2 4 AR 1700 mm 2247, AE SS9 IXHEE K 78.5% , BFSTREHIAL
LAY (R 2T 398 Fr b X, SRR BRAB RO At ASWFhiE R 3EA HLN 19.90 ¢/keg 2 EN 1.50 g/kg Mk 0.87
g/kg B RA N 8.43 mg/kg AR 15.80 mg/kg .pH K 4.05"" &S SR EK
1.2 5Tt

ASELS DARIE T20E FEBE X 30 a AR AR S K 2SR IR 42, 98K 1.2 m, P33 T H4%8 3—5 em,
i 5 Fhhb L 3 E A e e RN X H AT I B, A AR S DS R/NHN 3 mx4 m HJ7 HIRIEEA /N T
3 m, TR R 30 BR (3 1710 BR) AR R A BE DT NI 2 25 AR Z B I 1 MR AR AL AT 15
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5 PiEACAL B B4 Ak R 2 A ] PR, 5 i Ak 2 A R 5 B AE AR S e 1 A BRI 43 50l Zn+Se (2.53 ¢
ZnSO0,7H,0 +21.9 mg Na,Se0,) ;Zn+Se+N(2.53 g ZnSO,7H,0 +21.9 mg Na,Se0,+14.29 ¢ NH,NO,) ;Zn+Se+
P(2.53 g ZnSO,-7H,0 +21.9 mg Na,Se0,+9.68 g NaH,PO, ) ;Zn+Se+N+P (2.53 ¢ ZnSO,-7H,0 +21.9 mg
Na,Se0,+14.29 ¢ NH,NO,+9.68 g NaH, PO, ) FIXf I ( CK,AHEAK ) o 5 Flvite A Ak 3545 i 474% BRI P 1 273 )
(M54l At AR A R 12 Lok 3920 B3R 12 m® 38 (BE RS ARZE 30 em MY ) . 38 Zn Se (N
P BRI BIA 24T 33.3 mg/m” .0.833 mg/m” 0.417 g¢/m*F10.208 g/m*, 2011 4 3 H IFhh k47t IR
(BEFRIESLE 3 KL L KIE) AbBE, HAEA AT —UCHEAE , 3% 24 U<, 30T IR0 RE i P R4 T A BRI 20785 8 PR
1.3 FESCRESIE

F 2013 4 3 A (CHHAHEAC ) FEATIRE . 2EREAFETT BEMLIEEL 3 PREA FRFRME A S, R A2 i 48
AW RARIC S R B AR R DA A A SRk . T A% B AR AR R AR T 40 G W B A AR 2R 43
RSO ( R TRS 1) 1—3 9%) I8 %AR (4—5 90) SR (5 L I, B AR <8 mm) "™ 5 i b 2% B ARSE AR 14 5>
RIF (—ZER ) RS KA IRE i ST P K e, PR 25 K e B R —RE R N Y 3 BRAE I RE
HATIRA BT, BT 105°C R 75 30 min J5,65°CHEEE T, #raE, 14 0.25 mm i, WE KGR &, Ff
f AL S E S IR AR RS A B R IO %35 s Ca  Fe M Cu Zn % 5% ] HNO,-HC10, 77
ICP-AES 5™ ;Se &R A EFoe Mz,
1.4 Hdukbs

K H Excel 2017 F1 SPSS 17.0 #RAXTEE ST A BEANGETH 430 . R AR 2 (it NE Ak 3 AUAS [7) ) BEAR 5%
ARTRAE W) Fidee/ N B P22 57 (1LSD) B AT 5 R AR AL P 3 FhOR[RI ThREAR 2R A0 2 FiOR [ AE s - Y O 22
I M Z TR (a=0.05) , SHEANFEZRE Zn, Se 7% 1 K H Pearson 3 #E17 A 43471, Al SigmaPlot
10.0 FRAFAER,

2 HREHS

2.1 ASWHA Zn Se JTCEXFHME N P Zn Se I S

XU 28 7 22 4 B 25 SRR B it S Ak 38 4 2 5 e 5 A% R I 28 Zn BN Se 751 (P<0.05) ; H N AR L)
REMRZ 0] Zn B 2255 W3 1M Se & ZEFALE (WM AR IR R Zn F1 Se & 1422 5 3 i NL AL 21
S T e B AR E X Zn Fl Se i AR HAEHIARN R (F 1) . SRS, SRR IR s il A
M A Zn Fi S T CKG M IE AR M N AR DI REAR &R Se B IIFRIA Zn+Se+N+P AbH T %
5, Zn+Se+P AR Z  Zn+Se+N A FREAR , WiHh E S0 A Se S LN Zn+Se+N  Zn+Se+P Zn+
Se+N+P AbH 3 5 T CK Zn+Se ZbFR (& 1), BUAM, Zn &5 i BRI 0 SR >3z iy MR > A iR, 25k s T
BT 5 Se T i BN R T A (B 1)

&1 N.P.Zn.Se R T i FRERZEMEANER Zn Se REMPREBT LN T EHH
Table 1 ANOVA of effects of nitrogen, phosphorus, zinc and selenium additions, belowground or aboveground organs and their interactions

on zinc, selenium and other trace elements in C. sinensis

M 2 Factor H M df Zn Se Al Ca Fe Cu Mn
TEAEAL P Fertilization 4 8.01 """ 5427 14.42 "% 0.89 ns 13.85"*" 2.76 " 8.31""
5 o ) )

b FarE 2 154.18 " 0.15 ns 219.15"** 29.53 """ 232.58 """ 35.04 """ 0.28 ns
Belowground organ

22 HAEH Interaction 8 1.51 ns 0.25 ns 5.38 %" 1.92 ns 4.80"" 0.61 ns 1.76 ns
JtEACAL B Fertilization 4 16.45** 16.01 *** 0.65 ns 0.58 ns 0.85 ns 1.20 ns 0.33 ns
i (s ) ) )

ol 1 79.69 *** 13.45*" 1172.23*** 236.40 “** 4.657 76.24 %" 284.02 """
Aboveground organ

32 H A Interaction 4 0.54 ns 1.18 ns 0.74 ns 0.56 ns 0.15 ns 0.46 ns 0.34 ns

* P<0.05, ** P<0.01, #*=% P<0.001, ns P>0.05.
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Fig.1  The responses of Zn and Se in belowground and aboveground organs of tea plant to the additions of N, P, Zn and Se

AIRING R b B ] 25 5 .35 (P<0.05) AR S FRERIR 4 B ) 22 57 3% (P<0.05)

2.2 MK Al Ca JTCEXFAMNE N P Zn  Se G L

XUR R Ty 2253 Hrai R W S BE o F 2% B M HAC AR IR AL & e 45mm i 25 i B 28 Al & &
AL R AN [R)AFE I - e 22 1) 25 55 00 3 i A Ak 88 R 58 B A FH RS IR B S B 3 5 2R Ca 5 bR 3 S [
TIREAR 2 Z (BRI _E AN RIAE IS I R 22 8] 22 5 3 3 AR AL BE R 22 HAE FH IR Y R 38 (38 1) o ANRFR
hJe , S ISR Flis il Al & B 5 T CK(K 2) , Hdt Zn+Se Zn+Se+N . Zn+Se+P  Zn+Se+N+P b
AR B34 M8 R 55.00% .56.00% .63.17% .60.50% ; iz Fi HR 0 14 5 53531 A 52.22% .56.11% .51.29% .59.84% , Al
B i VAR IR RSO > 1 HAR > it , R T2 5 Ca 3 i i B 3 TS (181 2)
2.3 ZBHA Fe Cu Mn JGCEXTAME N P Zn Se I8 AY M S

R ZE 7 2250 W8 R 22 B, G AE AL BEXT Hb F 25 B Fe Cu  Mn % f5% M 23 M4 Hb 2% Fe Cu Mn 7%
HEECIA AN 35 s T ARSI RER R Z (B Fe \Cu & 125 5 W3, it EOR[AAFE I8 e 2Z 8] Fe .Cu Mn % &
Y25 50 W3 ME AR AL PR M R 48 B O AS BAE FHAGR I X Fe BUSEIR (2 1), 5 CK M EL, Bt AT AL 2 3 35 412
W IRAR FLZ AR Fe &5 5, Zn+Se . Zn+Se+N Ab FHL g 5 $2 S A% AR Fe 705 DL it AE AL B i 35 2 = i AR Cu
Bt I HIAR Mn 312K Zn+Se+N Zn+Se+P Zn+Se+N+P AbF i & 55 T CK Fl Zn+Se ZbFH A#H A Mn 218N
Zn+Se+N+P LB 35 5 T HABAABE(E 3) , AN, Fe Er gt SRR IR ISCRR /5 12 FAR AN g g A | il st i 1 4%
5 Cu 2 it A MSORS 5 T3 S AR R A AR | 25 it v T B0 s Min 5 1 R it B 2 v T4 (181 3)
2.4 ZEWRIEIZSE P Zn Se & YA EE ST

AT, 25 R Zn 3 35 S OO 2 1 25 1B AR OC , A Zn & A S s i &2 W 3 1E
AHIE T AT FU A Se & f AN 5 A 0AR 2 2 35 IEAHOC (£ 2) . WL, Zn Se TR EAMW IO E R R E
A,
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Fig.2 The responses of Al and Ca in belowground and aboveground organs of tea plant to the additions of N, P, Zn and Se

£2 FRARBED Zn . Se SEMHEREST

Table 2 Correlation analysis of Zn and Se concentrations in different organs of C. sinensis

P Zn Se

Organ Wcht B IR Wt E A AL
Absorptive root  Transportive root Storative root Absorptive root  Transportive root Storative root

%51} Tea leaf 0.59* 0.37 ns 0.34 ns 0.49 ns 0.15 ns 0.59**

AN Mature leaf 0.59 " 0.86"" 0.39 ns 0.37 ns 0.22 ns 0.51"

% P<0.05, ** P<0.01, ns P>0.05.

AW —FhE & 2R R TR e, HAE K R B A 22 B A IR B A R S5 2 R R R 15
M 2220 AN N 4 S TR L AR A S0 R A bR B0, 1 AR AR 45 2 BN T 2R A IR R A3
LS 2SR AR K R 2R (AR TY  ASEFSE W], Zn+Se AL BE AR B T ASHESE Zn Se S, B M ]
ST Rl — | BN B BRI AR 2 Zn B Se BYRE ST, AT BEJS DA AL 45 « 2SR AT o AR 2R DA 3
W Zn KT AR P — BB EEAR S, $5R G A VR, SR SR H X CO, B RIAE T 5 IR Se RIS AR 28 3% 43 W ACRN
REARRRE | I I AR o 2 A P o SR A S v B bE ) AR AR AT A WS RN SR Zn | Se K4k
AR HOE R A K . 1540 Yang 252 WSS R BL, & Zn AIE Se H- 30T DUBTE £ 49 Zn Se B F, X B il
TR R B I AR R L ZE R Zn Se S, BEEAEMAY A SR AL R, [FIBT Dai 25 AERFSE K 3R
BB &30, EHEHIR N Zn Se W] LIS SAR ML AU T | 2 25 IR oA a0 Ae M 1) 5 a0 T4 s VR A PO T A2 4
FAEBLIRAS (R UERS B X Zn Se AW, BEMESERMEX A3 > & BUAE 3P it FH Zn 1 Se J& , i 250 TR Y Zn
i Se v BEe X B i 25 Th i, 2B oS BRI M 4020 Zn 1 Se S 5 38 Zn Se SR IEMSET ) LU
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Fig.3 The responses of Fe, Cu, Mn in belowground and aboveground organs of tea plant to the additions of N, P, Zn and Se

ERRFEERERUESE 10 LR RN Zn Se AP ASMARE FEAE R Zn Se S EIA ARG Z — XN
B e BRI AR SR RO S

NP BPRAES RGP EE A E IR R AT, S h i N P AR R R AR R
[Aif N P .55 Zn Se % it R K ARG EAR, JEMT OB ED R S 4B AR R B, N R/
P EVEHE Zn R Se NEJG AL 23 WM A b &5 B 1Y Se &8, 12 TRMA )8 B N P & 3538 fm 1 25 i
Se iy 2R, XU 5L I N P K Fl Zn Se AbFE & 5 8IS AE E TS Se & AAHL Se ek, et
JrAER RN (P K R Se WLt vl 35 BKAE w0 55 00 AR, IS RARBESE N P REHNZ T Se ) 541
AT RE SR B . N R AR RS A KR & BN AS it Se i M CRIBR 82020 5 1 P IE U 2o XF + 3¢ Se ifE4T
PRSI | A 2 A AR A A WA v 4 ), i A BRI ) i i 48 B 3 B ) SR I5 T S ML e o ] 3 i
A4 S g R Set ™ it N R/ PR Zn 1 Se NERECHE AT ARSI Z5E v (g, 1 b
SALTRTE ™ AT 25 Se BRI AR B kit Se B, RIS, ABFFE AL, Zn S HIFAR B N F1 P BN 57
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e A2, HEWTGTH ST P AEA S, PAES DEAEUIR B S 00E , S B HYIR 2R A 0 AR B 98,
TE—ERLEE LA N AOFE, SRR 7 250 xT Zn B MIcRE Sy 1202 eah A RS R B P AT REARAR R
SR AL Zn BOIRS A DR, ORI A% Zn WIS . AT 0L N P R IR A HE A5 B Se (A 2K
iz — AEXT Zn B OORR BRI 2000

Zn Se N Hl/8f P HEASINER HHGEZ W KB 2545 H Zn Se 195 41, HARG 1 AT B2 2 R 56 ol
TCRIEA B AEC ., AW RIL,1E Zn Se [N FI/5L P EAINT , £ T0 2 AE A5 4 25 B A M i 2 AN A1 7,
TEE AR i RS ESR T RE R TR R T ISORR R P R TR (AL Fe Zn FI Cu %) 1 H 2k
JLER GRS E T AR A 2 ARFFE R 2R IR FZ 5 iR Fe 25 i 5080, al BB
W5 3 WAT IR (/N3 T A DR B SR AR ERAS Fe AOMOICRIRIHT, H. Fe BTG PERAR , 0] Lz fiae s ™
FRLARHR Sy Fe RATEMIRAZ AR P, MR AR Al & i B, R E R T L AL 55 P TEMR R L
TE] R A B =T B, EL N B I T AR R R B AL ] b i D 7 OO RS AR A
Rl B A TERAE— e R L AP AR S8 4 ] B R0, Bl : AL &5 85 22 25 M 28 B0 Cu B, AR
FErp Al ZFR R TR S 2R X e —E R L2l Cu A9 2B (E Cu SR RS S PEHR | il 52
FEEAL 5 AR Cu 5 i I, HAh, 38 Min A7 R0 DN AR R 23 U0 9K S0 AR 2R 1) b 38 23 I8 K B AT LR T
BN AR A LRI Mn®* B AR S Mn SRR AE R R ZAE D TARZARE, Wiz S AR A SRR , 1T
TEHIIAS BB . Ca AMELIRE S IC R, Z I AN IR Ca SRUTTETI A 2 , A 5 2 HAL TR HR & 152
M AT UL SRR L AN SRAIN T P R SRR B MRS ROV A B R RIS
ARSI B R R DO R 5 S AR A AN | X AT A i DR B i A 2

4 Zig

FIEHMIE Zn Se BN AT R 2SR ZH U Zn BN Se 7, HUjti N Fl/5 P IEA B T4 Se AR, B2
M Se i ; H Zn Fl Se & 1 5 B ZARMERLE AH— B (HE ZARMERLAE , Se &% 0 0.25—4.00 mg/kg( NY/T600-
2002) ,Zn R 35.00£2.00 mg/kg( GSB-30) ) , Ab T il & 4 e NMRIERE B I Z M, Al Ca,Cu Fe 1 Mn
FAy e R RN — B, (H E AR PR T 28, LA E IR WA R Ik, AT LR Al Ca Cu Fe I Mn 5§
5 4 JE o0 Rl i IR S 1 0 7 XU . WIS 4 SR O AT M e X AR v W AR S SR A TR AR, B4 R
NAEANFE Zn F1 Se ARBEFER)IERZ —

BT VPGS A2 R AT ST BT PR (A9 S b | R A RN 2R 55 0 R A MR e SORAE AT, P I 35l
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