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Effects of LED red and blue light quality ratio and foliar zinc
fertilizer type on the growth, quality and mineral
element absorption of lettuce

CHEN Weilong', TANG Xinyuan', LIN Kexin', WANG Keyu', DING Yiming',
LIAN Kaifeng', SU Tong', CHEN Ren', LIU Wenke*",
WANG Zhenwei'®, ZHOU Weipeng'

(1. School of Physics and Optoelectronic Engineering/Guangdong-Hong Kong-Macao Joint Laboratory for Intelligent Micro-
Nano Optoelectronic Technology, Foshan University, Foshan 528225, China;
2. Institute of Environment and Sustainable Development in Agriculture/Key Laboratory of Energy Conservation and Waste
Management of Agricultural Structures of Ministry of Agriculture and Rural Affairs,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)
3. School of Agriculture and Biological Engineering, Foshan University, Foshan 528225, China;

Abstract To explore the effects of different LED red and blue light quality ratios and foliar zinc fertilizer types
on the growth, quality and mineral element absorption of hydroponic lettuce under artificial light plant factory
conditions, ‘lItalian non-heading lettuce’ (Lactuca sativa L. ) was used as the test material. Three treatments
were set up with LED red and blue light quality ratios of 3: 1 (high red light, 3R1B), 1:1 (equal red and blue
light, 1R1B), and 1:3 Chigh blue light, 1R3B), all with a light intensity of 200 pmol/(m?*-s). Three types of zinc
fertilizers, namely zinc sulfate (ZnSO.), nano-zinc oxide (nano-Zn0O), and zinc glycinate (ZnGly), were foliar
sprayed at a concentration of 1. 54 mmol/L, with deionized water (ddH.O) spray as the control (CK). The results
showed that: 1) When the same type of foliar zinc fertilizer was sprayed, with the increase of the blue light ratio,
the fresh weight, dry weight and plant height of the lettuce above ground gradually decreased; while the contents
of chlorophyll a, chlorophyll b and total chlorophyll in the leaves gradually increased. Compared with 3R1B, the
contents of chlorophyll a, chlorophyll b and total chlorophyll in the 1R3B treatment increased by an average of
30.9%, 36.5% and 32. 1%, respectively. The contents of soluble sugar, soluble protein, flavonoids and total
phenols also significantly increased, with an average increase of 28.6%, 24.1%, 107.2% and 89.3%,
respectively. 2) Under the same light quality (1R1B), the fresh weight and dry weight of the aboveground and
underground parts of lettuce in the nano-ZnO treatment were significantly higher than those in the ZnSO, and
ZnGly treatments. Among them, the fresh weight and dry weight of the aboveground part of lettuce in the 3R1B
treatment with nano-ZnO were 4. 4 and 1. 9 times higher than those in the CK treatment, respectively. Compared
with CK, the foliar spraying of the three types of zinc fertilizers could significantly increase the nitrate content in
lettuce, while the contents of soluble sugar and soluble protein decreased. Under 1R1B, the Zn content in the
leaves of lettuce sprayed with the three types of zinc fertilizers was significantly higher than that in the CK
treatment. Under 1R1B, the Zn content in the leaves of the nano-ZnO treatment was 41. 4 times that of the CK
treatment. However, the contents of Mg, Mn and Fe in the leaves were significantly reduced by 68.3%, 73.2%
and 59. 7%, respectively. 3) Meanwhile, the interaction between the red and blue light quality ratio and the type
of foliar zinc fertilizer could significantly affect the fresh weight and dry weight of the above-ground leaves, the
fresh weight and dry weight of the underground roots, plant height, root length, as well as the contents of nitrate,
soluble sugar, soluble protein, flavonoids, total phenols, Ca, Mg, Zn, Mn, Fe and B. Therefore, under artificial
light plant factory conditions, the high blue-light sources can significantly improve the pigment and quality
indicators of lettuce, while the high red-light ratio can significantly increase the yield of lettuce. The yield and
Zn content of lettuce foliar sprayed with nano-ZnO were higher than those of other zinc fertilizers, and the effect
was better under high red-light ratio. Moreover, foliar spraying of nano ZnO could effectively alleviate the
antagonistic effects of Zn ions on Ca, Fe and Mn mineral ions.

Keywords plant factory with artificial light; nano-ZnO; red and blue light; quality; mineral elements
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3RIB,1RIB# 1IR3B4F B M L0 WG L 3:1.1: 1/ 1: 3. ZnSO,, nano-ZnO M ZnGly 43 5] R G B2 5% 4 K E AL BE H 2 R B CK Sl Wit 25 55
TR (AdHO) F XTI o AR /N S B AR R AN TR Ak B2 i) 776 2 35 22 5 (Duncan £ 46, P<<0. 05) . Tl

3R1B,1R1B and 1R3B represent LED red and blue light quality ratios of 3:1,1:1 and 1:3,respectively. ZnSO,,nano-ZnO and ZnGly represent
zinc sulfate, nano-zinc oxide and zinc glycinate fertilizer, respectively. CK represent deionized water. Different small letters indicate significant
differences between treatments by Duncan’s multiple range test at 0. 05 level. The same below.

E1 AELOELRIEMERAETER M ERMMM THNESENTE
Fig. 1 The fresh weight and dry weight of the aboveground and underground parts of lettuce under different red and blue light

quality ratios and exogenous zinc species treatments
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Fig. 2 The plant height and root length of lettuce under different red and blue light quality ratios and

exogenous zinc species treatments
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AEAESR R EEFREMELETERNHRESETN

Table 1 Photosynthetic pigment content in lettuce under different red and blue light quality ratios

and exogenous zinc species treatments

mg/g

AN i
Red and blue light
quality ratio

eSS

Zinc species

g &K a

PN =N
o
Chlorophyll a content

MRERER b

Chlorophyll & content

2% 3 R
Total chlorophyll

ZnSO, 0.620+0. 024" 0.148+0. 006" 0.768+0. 030
nano-7Zn0O 0.665+0. 041 0.163=0. 008" 0.827+0. 048%
3:1(3R1B)
ZnGly 0.69240. 033" 0.170 +0. 006 0.862+0. 040
CK 0.59240.032¢ 0.12940.012¢ 0.72140. 043"
ZnSO, 0.75140.017¢ 0.180 +0. 006 0.93140. 022°
nano-ZnO 0.79740. 024" 0.19440. 006" 0.99140. 031"
1:1CIR1B)
ZnGly 0.81440.026® 0.20140.004™ 1.014+0. 023"
CK 0.70340.011* 0.16240. 008" 0.866=+0. 008"
ZnS0O, 0.83840. 047" 0.20240. 008" 1.040+0. 054*
nano-ZnO 0.86640.019" 0.20840. 003" 1.073£0. 022
1:3C(1R3B)
ZnGly 0.85740. 043" 0.21140. 009" 1.068=+0. 049
CK 0.80140. 024" 0.18240. 009 0.98240. 019"

2.3 AEXRERMEFRMHENERHERES
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Fig. 3 Nitrate content in lettuce under different red and blue light quality ratios and exogenous zinc species treatments
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nano-ZnO A B A iFHEA ST E Y R E & T
ZnSO, F1 ZnGly 4b 1, H v 1R3B F nano-ZnO 4b #
() &3k 2.98 mg/g, B [ )6 4 1 1) ZnSO, =
18. 5% A ZnGly i 24. 2% (P<<0. 05) (& 4(b))

8r ez CK  ==ZnSO,
zzz2a ZnO t—=ZnGly

Soluble protein content

AR A A R (ng/g)

3R1B IR1B 1R3B
AN S ]
Red and blue light quality ratio
(b) A2 1 Soluble protein

B4 FAELCEERIEMHEERLETERMRFNATRERNTAIACESSE

Fig. 4 Soluble sugar and soluble protein contents in lettuce under different red and blue light quality ratios and

exogenous zinc species treatments

P L5 R, 5 €0 5 EL B4R T AT S Rk CK
7ZnSO; . nano-ZnO . ZnGly i A 3 i i 288 8 R S g 19
i HWEREOEARB &M F i ¥ . 1R3B
T, nano-ZnO &b 35 W AP & 5 34 R f s L 43 )
H96.41 mg/g(CGEEEIDFN 2. 74 mg/gC R ;1M SR1B
H, ZnGly Kb B A W 2 AP & i m K, 43 ok 1. 82
mg/gCREWED A0. 63 mg/gC ) . TE B L5 1F
(3R1B)F ,nano-ZnO Fl ZnGly 4b 3 ] i3 2 1 1) 75 2
W) A R, 5 CK BRI Ik 38 %0~56 %6 5 {H 7E /& 15 6
£ (1R3B) T ,nano-ZnO &b F ) 25 B ik & 48 CK
5 22.5%, BEMT ZnSOM ZnGly A B, ASTR] G5
SAER AR & S 2R 3R1IB>1R1B>
1R3B. 1R3BH, CK By 2 B R A5 i & 2 %% 3R1B
A3 R FE 89. 0% F1 92, 5% , 4 AI Ak B A 452 T e 2 43
WA 76.3%~207. 2% (L E DR 87. 3%~335. 0%
CEED o

2.4 OEXRUERHESEMENERT RTE

H9 5 i

Hy & 6 1T, N [R) 21 85 D6 I b A& T, 3 Rl B e
Ak B AT A 2 4R T AR S it R Y Zn % 5 (P<<0. 05),
H 7 nano-ZnO 4b # %% B & 8 % , 3R1B. 1R1B.
IR3B & F F A Zn & & 43 3 ik 319.6.320. 2,
197. 2 mg/kg, 43 M%s CK & 32.4 .41, 4 14, 7% (&
6Ca)) . ZnSO, A IR A4 3¢ Zn % 4t Bl W' Le 491 35 fin
LG E T #  nano-ZnO A B Zn & 7E 3R1B
A IR1B A JC 35 22 &, AUAE = 856 (1IR3B) T i 3%
MFHAEMBELXGETHER AMBEEST
7ZnSO, . ZnGly 4k ¥ Fl CK; ZnGly 4b B i Zn & £ 18
IRIB BT, W & (% T HAE 3R1B Al IR3B 454
T (P<0.05),

AL H T, ZnSO, .nano-ZnO & ZnGly
b Y A= 32 i Min % 5 3 1 KT CKOE 6(h))
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B & i /(mg/g)
Flavonoid content

zzzm CK  ==ZnSO

3- 4
zzza ZnO t=ZnGly

[\o)

BB/ (mg/g)
Phenolics content

EAN Al
Red and blue light quality ratio
(b) AL Phenolics

BS5 AEOCEXRILAHEEFRLAETEEHFHEAEMMSBEE

0 3R1B 1R1B 1R3B
FAN B e Al
Red and blue light quality ratio
(a) ZH ] Flavonoid
Fig. 5

Flavonoid and phenolics content in lettuce under different red and blue light quality ratios and

exogenous zinc species treatments

B 5 ' e B 5 38 i, CK L ZnSO, } nano-ZnO Ab B
Mn 75 5 34 5 320 W7 3 9 A9 T ZnGly &b 3 5 58 F
JRREE g, 3RIB A IRIB T, 3 flt 4 A &b B 34 & 5
FE A SR B Fe il BLE (P<C0. 05 (1 6(c))
B W5 6 HE B3 i, CK . ZnS O, & nano-ZnO kb B ) i
J Fe & i Fp 2 N, HA 4 F T, nano-ZnO Ak

B R /(mg/kg)
Zn content

NH @
N

AR
R

NN

3

SSSSSSSY
R

AN S ]
Red and blue light quality ratio
(a) Zn
400
300 %%%
) g
% B
g 2
gy
a2
100
0 y :
3RIB 1RIB 1R3B
AN E AL
Red and blue light quality ratio
(c) Fe

Y Fe & i1 835 & T ZnSO, # ZnGly 4b B (P<<
0.05). 3RIBAHI1RIB % ,ZnSO, nano-ZnO K&
ZnGly kb 3 2y 0] 5 25 5] A S0t B B B9 LR L R IR
ik 27%~42% . 1R3B ", ZnSO, il nano-ZnO 4t 3
MR B i CK 4 ) B AR 18, 5% Al 14. 3%
(P<<0.05) ([ 6(d)).

800 CK ==ZnSO,
zzzz2 ZnO t—=ZnGly

S B /(mg/kg)
Mn content

N
FAN ALl

Red and blue light quality ratio
(b) Mn

B content

& & /(mg/kg)

3RIB 1R1B 1R3B

ALY e L]
Red and blue light quality ratio
(@B

6 AELEXREMHEERLETERMNF K Zn Mn.Fe.BEE
Fig. 6 Zn, Mn, Fe and B contents in lettuce under different red and blue light quality ratios

and exogenous zinc species treatments
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& 7 R B WO L BT, CK onano-ZnO 3 & T CK(P<C0. 05) ; IR3B 44~ , ir A I - it
Fo ZnGly Ab B Ca &5 5 3 &8 B 3 i 3 (P<< ML PR Ca 5 B4 38 f IR AH , EL 4% 4 I8 40 B 6] G 2
0.05), 1M ZnSO 4b PR 2L HAE MG TR #a %, 3R1B F X R . AFRDEFE ST 3R 5 b B2 2 4m
LA B AR AL B A I R Ca i 3 BT CK(P<T il Mg LR (P<C0. 05), HOG 5 B X5 A [ AE A4 4
0.05) , H: H nano-ZnO 4b B B & & /N (25. 1%) , 1. BN AATEES(E 7)), M3 T 5, CK.
F @ T ZnSO, CBE E 32.6%) Ml ZnGly C P& W ZnSO, & nano-ZnO [ Mg & & 52 7% ¥ 28 W (1) 8 3,
30. 9% 1IRIB &4 F , ¢ nano-ZnO b # (1) Ca % &t ZnGly b 3] 5 5 j8 I TH i

ez CK  ==ZnSO,
a zzz2a ZnO ©=ZnGly

—
(28]

58 i/ (g/kg)
Ca content
oo
BEST R/ (g/kg)
Mg content

»~

3RIB IRIB IR3B
AN ea il AN daa (]
Red and blue light quality ratio Red and blue light quality ratio
(2) Ca (b) Mg

7 AELAEXREMHEEELETERXHAFR CaMgRE

Fig. 7 Caand Mg contents in lettuce leaves under different red and blue light quality ratios and exogenous zinc species treatments

2.5 OENXRIEEHEFEMEEENERXRER DL SR R LT S PR BE AT s M R T BT L 2R B
gz 0p-A S i (P<<0.001) . [F] B, 21 % % 5T b A g
Y 3% 2 AT 0, K [) 20 6 6 BT L A T B A A 1] FF T Fh 28 B AR X AE S i Ca Mg, Zn ., Mn,
REFETTEERWAFNARK, BB LT Fe. B ¥ R EBRYAE W E R WP
fitf EOFN T E b R AR EEE T E bR AR, 0.001) (£ 3),

F2 ABAEREMMHEEFERHEEENEZERES EMRRZM
Table 2 The interaction effects of red and blue light quality ratios and exogenous zinc species on the growth morphology,

yield and quality of lettuce

s b Hb b AR I i Mo AR AR e E B ) ey R AR T R A
o Leaves fresh weight Roots fresh weight ~ Leaves dry weight ~ Roots dry weight ~ Plant Root
Index .
above ground under ground above ground under ground height length
e X B AR
Light quality X koK Kok sokok Kok koK Hkok
zinc fertilizer
=R fild 2 £k & 4 CIRGRER i CIRcey d i 4= Woit 5 T i S T
Index Nitrate content Soluble sugar Soluble protein Flavonoid Total phenols
e X BRI
Light quality>< skokok skokok skokk skokk sokok

zinc fertilizer

e #RfE P<<0. 001 K F 2. FA.
Note: Significant at the P<Z 0. 001 probability level. The same below.
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T3 AEXRIEFAHEHFEMEEENEFEHF Ca.Mg.Zn.Mn.Fe.B &=/ &
Table 3 Interaction effects of red and blue light quality ratios and exogenous zinc species on the contents
of Ca, Mg, Zn, Mn, Fe, and B in lettuce leaves

o
Gk Ca Mg Zn Mn Fe B
Index

e X HEAE *okok *okok *okok ok ok sk ok $okk

Light quality X zinc fertilizer

301 ABXRIEEHEFEMENERERKESE
Qﬁﬁ ﬁmﬂ#ﬁ%% S OGS )
1% 06 RPY . Kong 2552 B 28 % BHL, 1 5 6 L 1)
AT A S ek J2 T FR A L O A SR R AR, S AR
i G, Lee Z9 % WU [RDG IS 41 A BB 58 &
B, 5 H OB H, 2056 A PR AG AR S Ml S e R b
B, R b B RS AEY R R AU RIE
S B W O LB 3, A% B AT Ak B A A S b
ff F Y R RS D IZ 4 S s
20 B B s AR AR B B XL RN D)
A AEBERE RN ST I, nano-ZnO 4b P AE AL #E 4=
FAYRBMR LRI D ERHE D, Saini 5§
& B, nano-ZnO Kb B Y 45 7 5 43 i F AL g BE IR
ZnSO. . EDTA-ZnNaziE 15% #19% . Garza-Alonso
AEVYHFSEAE SE , nano-ZnO b B A A= SE A ) 3
T ZnSO,, 5 H 28 B Re VR R A W R BEAR G . A
I, 206 45 18 (3R1B) it 4 nano-ZnO 4b B Al
it A= 52 by - F fif DT GA 550 11 1 2. 58 g, 8 CK
BT 4. 4%[[1 9%, B F BT ZnSO, 1 ZnGly 4b B
(B D, X —45 R ] g 5 e 2006 4 1 3l o £ i 253
40 i 53 245 M B[R] nano-ZnO 94 K UKL 19 5 e
Fem BN BERTE T BT R B B AL
SRS R W O 4% 1R T o 4 i S AL A A BT 4N
PR TR S R 2l N
3.2 ZI“’?&'(:JEtl:?SiHﬁ%HEW%XTIE%M‘?i?@
SEA!
ély‘ﬁﬂl JEXF A B R R B A B
PEFIYY . LiZE Wi R, OGN T 8Ok T 42 7t
LA SRR a b B F . Johkan 5K B
iIETE%?E%QIHJriiTZWri?a b FIZEEI 8 N &
A, ARHF ST AE S o, B W O B B, 4%
%#EEALEEE‘J%%W%%a\b&)é\ﬂjré%%? Lok

T+ 18. 6% , H 78 i 5 6 (IR3B) & 14 F ik g {H ( &
1>;L5Efﬁﬂ?ﬂ%’“ﬂ+f%4$7;zﬁ&fﬁﬁ; S A S
B DIA 0T 2T N e R 5 A BB R e 2k
ENIOEAWE Roostaff BIRFIE KB, B Zn fl A 3R Rt
GRS R B E R, PSR KOG b2 3R (F/F,)
TR, RUIB ZnK R EOCG B L a2 . Al
5 i, 30 it T A IE A BRI 2 R TR M R
H # 1R3B 1 nano-ZnO 4 P AY SR AL, M4t FK a
A 2 R S E 035 0. 866 11,073 mg/g, &
T F ZnGly F1 ZnSO AL BECHE 1), 1T i 5 99 K ks 22
B Zn®" WOGIIE Zn® i is R P R N Rk Y
3RIB N, ZnGly FES S 4 MH HgRK b & &
BEETHMWHEE D, E5RENE ZnSO M55 %
6 AR FE R AL 5. 9% , B & L T nano-ZnO
(9.3%) Al ZnGly (8.7%) , JZ e H A ¥y K H B
R
3.3 ZITE R EE R i TR AR A 2K X AR 3K fR R A BT

LR CAH G T A TGO AT R A e et
) i T 0 D (RO | IV i T 38 i T CINRO) 25 S ek il
WYL Fan S8 0F 58 & B, 6 40 33T fifi /)N 5%
NR . NiR H K 357K 742 71, i i PE 7T 3k F o Ak
B 1. 8 A%, 1 I a8 Ao TR S IR) Ak R, DA T 2 s
T X A N T N G EA W) il A sl
o T o 28 B A X A SR Al TR AR AR R B A B S
(P<<0.001) o 1RIB %% 4 F M jifi 1.54 mmol/L
nano-7ZnQO Y4 B o] ff i iR 3h & = % £ 2. 51 mg/g,
B EHMT ZnGly 202, B T ZnSO, (& 3) . X A fE
R YA K TR 2 T AR R S SR T R A R R L T
P 206 C3RIBD A 3@ i A1 1 Zn W e, DA T 3 £b 01
R

Z i NEUIREgE S A T O Ak BERT A S8 AT
PERE A SR D E S TG, X 5 3 AR oF %6
TR A AR DG R L A I 9T & B 41 1R
Tl B X 5 20608 5 B R A T
PEERA G, AR, Bl I 6 L) 0 3 AT s Pk
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i K T R R S8 A T R R 5 B A b
B 0] B AT I B R B B IR T i
ddH,O iy % B (CK) (8 4) . 1% M 4 5 Roosta 21
S BB BB T 303 5 9B 3B R T ) R R A 4 R —
. Roosta % WFFEIESL , BEUL N R 2 4 58U 3%
BB VTR IR R | nT v MR AR ) & BT
i, ) RO A 6 3R A B R PSTHR KOG b4 350R
(F,F,) 538 5 Zn AE A R 0T 38 5 306 SOD 45 bt 4
b 28 G [ A1 480 Ak 07 380 200 s G A 405 5, DT 0
M FE 2 . AR b, 1R3B Bt 4 5 it nano-ZnO kb
T I R R A R (13,97 mg/g) B ZnSO, I
11.8% (Bl 4Cad) , 33X — &5 5 158 B gl oK B0k v fiE 38 2o
JEAT R 12 1 SWEET R R # A b s 5
SyEE

2 R T 5 R A AR T W B 2 O -
PRI FE s 62 R CRY /2 (5 %
i, bR 2R P e A OC B B P (PAL L CHS
FLS) F kM A% # , IR3B T nano-ZnO 4k #f
B I 2 B R R I B 3 ) A8 3R1B & 207 %%
3350 CI&El 5) , X — &5 B 5 Li %07 ik 22
Ouzounis & iy 4538 — %, T RE R B OL T is &
MYB-bHLH-WD40 #% 5% & & (R ¥ i, 9 16 & B A
% B L PR 2251 nano-ZnO 38 33 77 AR T T A i &
TN TR i A B R B R e B - R B IR T
UDP-7 %5 B L 5 B il (UGT) 335 |, 388 5if o DB 7
fe ettt

Zn 5 NIt R i U R AE A AT o8 4 01 AH G
P DA B B AL AR5 T nano-ZnO B & 4E
Yy )R B % R R R v R E AR T E Y A R
fin B R E(3RIB) &4 A I, BE A o
I 2 2550 40 43 24 RN A KR Ak AR P R R, Uk
i 3 nano-ZnO #& F+8E o0 R i T2 & S0CR  JE 1
bl F A, e 2w R R R W
2. 68 mg/g WAL K 5 i 5 4 % 5 4 (IR3BO L &
Jiti F nano-ZnO &b B, w] i 25 45 v 2R B G S5 R
AR = W B 0 T S T A SRR R T
X5 Gam Y 258 — 5
3.4 ABXREEMEFERMENEZYT RTE

sk

O T 3E o I Y 32 AR A 8 % KOt R s
FIOE 1 R i oe R s R B, m A
Jt 45 A 50 pmol/L A5 & IE m it o] ff A4E S NP K

HEREITLE M Fe Mn Bt ®Z M EREET. &
ik 56 U 52, 3R1B L & nano-ZnO Ab B ] ff A4 3¢
M R B Ca (1.87 mg/g) . Mg (2.34 mg/g) . Zn
(320.2 mg/kg) % L R B R & ¥k i KA, & 1R3B
BT 41%~67% . X5 L0 ik 5 T 5 9 v Ko 4n
L R A 5t 2 43 6 1) DI IRD 800, 51 A T 5 I8 3R A IR
R A2 M 51T 6 I - M 25 B AR X6 o6 26 W 0 1
0 SR A 2 2 SR RO JR &P nano-ZnO
b B ZnSO, Fl ZnGly ¥ 7] i 2 $2 & i 57 Fe \Mn
1 Cafy & & (& 6 FE 7); 7] HE & nano-ZnO B 44K
WA % THT 55 B ik JAT 1 PR S 7 A e me s B R Ok IR
EHF ,nano-ZnO = 25 ) B F 25 706 A 1 4 45 IR e
EE (I IRTT . NRAMP) 635147 5 2 B 45 1 7] 4
PR PR (4 Zn™" o BERRASTS S A 5 A9 T it ddHLO
xR CCKOH, 156 H 45138 Jin ] 5230 Ca Mg \Fe 550
F AN, B Ry 52 %6 ~76 % (E 6 MIE 7). X5
Pennisi & & B 2§ & SR LD WG ol 12319
AT AR Ca Mg Ml Fe LB L5 B A FE 22 7, &R
B W6 X A 6] AR 9w R O 2 W B R RE
NG

W TR B HLRONAE Zn 5 Ca Mgt R Z
V6] e oAy 25 0 AR S B I T e AT (O
& nano-ZnO) Al A Zn )& BT T 14. 7~
41,445 S H Mg Mn S0 K1 & 1 0 3% T R
6 A 7)o 3k — & 5 4 FF 5T il 1 B Zn
2GS Ca Mg B B85 A —8, XAl eI
H 70t 5 AN BB T Mgt il Ca® ' gE P AR AE A
SIS W Znt i SIS E 4R ATP
fitt (HMAD 532 8 F L 2 #F Mn 0 ZAMIE™ . Saini
SO Y S AN K B R Al ek g K RO % i S
P, 600 pg/g 40 A EE AL BEAT ff 5 A S ST h Zn B R
IS GREIR Y 1. 8 4%, R 4 £5 Fe \Mn i K F- .

6 R BT A Ak 5 IR TR 285 3k 45 6 o0 2 OF i 2 R
B A Y, 3R1B 4k v nano-ZnO &b B JE A,
R 5 G R W B A E B, Zn: Ca: Mg=171. 00:
1.00: 1. 25, 07 4% 3 A4 3% 4B K 55 oK 09 248 b fH
(150.00:1.00:1. 000" ; A ffi Fe .Mn £ 45 75 T fig (5
i , Fe=>15 mg/kg, Mn>5 mg/kg; B & & #% il 7¢
0.92~1. 24 mg/kg % 4 [HE" . Kopsell % 7E
VG 2248 I 5 A5 B0 AH LY 2538, B I H 2T D6
SR AR HmooE R R,
ARG v, 78 AH 6 458 T, 1 8 i nano-ZnO
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B ZnSO, M ZnGly 3 B T 5 35 (19 8 5% 9 4k 2500

(E 6 fE 7)), 5 Saini ™ #9845 B — 3 . Guo
SEUORIF ST IR AL, B XA W R T R W I o 4 B A

W E SR, HE OS5 PR HisEH AT
PR ARG . ARBFIE & B, 06 IS A A A B4 2
il 3 — 22 S Ak AR RN 5 = 2006 (3RIBY 454 T,
nano-7ZnO 4b B3 i Jk 59 8 F 35 420, fiff Ca, Mg
JCR T ZnSO M HH R 315 A1 27 % (KL 7) s (B AE
WO (IR3B) & 4 1 , H Fe . Mn & i 3¢ & 4008
(3RIB)FEAL 42 % F135% (& 6, 15 B 5 56 7T g 3 2k

W45 4 TR A TR 1 DR 6 08 kR T & W U A TR
PEST BB Ah, ZnGly 4b BEE 21 35 % A 48 (1IR1B)
oM A Cafi4aT T 14.3% (B 7, HiEk & 454
AT it 3 1 e AR A2 e BIL ) 2% firt e - S 15 o VE
4 & it

AR LED 21 % 5% Ji kb A #1 H  nano-ZnO ¥ 7]

R A S M b e RN T R AR T RCR T
ZnGly fl ZnSO,, H & 20 6 (3R1B) £ {4 F 14 77 3 21
oM W AR SR b b R e A i ddHLO R X RE
(CKOHETH 4. A5 . B WG H B i 34 i, A= 28t | i
BFEa MR LA GRS R EZR LT @G
s 6 (IR3BY 454 T Wit ZnGly Ab B S n- 4%
F ORI, R R T A R A Ak B A R L
1y 25 5k Bl ' Ll 5] 8 o S B e, rp IR3B 1
nano-ZnO 4k B F- 28 B 5 i W3 & T ZnSOL
ZnGly kb B . 3 Fh e A0 b B 35 ] B G i R n] i T b
M REEEANHR AT EYBERT CK. &
2156 % (3R1B) F , nano-ZnO 4b B8 i 2 {2 ik -
Zn e R H S B A BUE I 8 Ca Mg Fe
FW R TR B ERM. & OL(R3B) AT —
FE TR 1 G A 43 0 o6 R WU D L {H nano-
ZnO AP REAL T M P Fe Mn & &=, %5 1,
1R O TR AT S RS AR SR B B A, 20k AT
3 B 0 A= 2 ) a5 T it nano-ZnO Ak B
AR R ) Zn R A G T AR A
2156 5 T B B I, HOBE i nano-ZnO A A %% 2%
fit Zn* 5 Ca®" \Fe'' \Mn* BB PPV o
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