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Q. BB ER TREEEE, IR B SHEER, IR #% 271018;2. W™ iR E

A B Bz &% B (DA-6 ) iR & K I A 77 20X
e kA

o B, F o om, KR8 A, AT, B, B W
W% TR 25200053, 4 TF A A5 LRI AR/ 7 IR IGUF 276700)

 OEAREARM, BEERAE, R T R ERE AL T8 %88 (DA-6)
(0.5,10 mg » kg DA FREAZA T XRE RN EELZZ . S AALEERFBRGY R, &
RA£9.1) k& DA-6 R E # 5.10 mg » kg ' 8, 5 s+ B CK1 (& #% DA-6 R E #
Omge+kg DA, EE AN K& 53.05% F0 61.64%, £ TR WEH A4 14.25% Fo
17.82%, %42 % C &35 ¥ 14. 17%F2 34. 90% ., DA-6 ;R FEH 10 mg « kg ' & T %
FAER LS FTRABRAEREAL27. 14%, BRI TEETEF S EFTRET R AR, T
BEER AN EZIHRARSEYAEF R EE;2)%% % DA-6 )R E % 5.10 mg » kg™’
i, 523 CK2( 36 DA-6 A A Omg « kg DA, BERX=EREMEHRT , EE2FC
SFHK, MAERAFE; BN, AREDACKEN 10mg kg RETREXEZF,
RITEE SR,

KIS MBS ; P G AR

HES#S:S636.1067.2  CEERIARD:A  XEHS:1001—0009(2017)13—0122—07

BB,

¥ 3% (Spinacia oleracea L.) J& 3R (Che-
nopodiacea) J3EJ& (Spinacia L. ) —4- 4 F AR
W, A B AR R RS, HAK M
HoEaRER. B4R, 2 EHAREZ R HE.
FRARIR 2= R 2 KM AR b 2~3 ZE S, R T
M AFURETY R 2B R 1 0 ANCERSE &
Z—, HTRIEAEARY, & BB ne S ”
BRCAMASTE G, ARBIE NI L AR ED
PRI, PR e e At T e it B B RIS T 3L

E— G B (1990, 4k, ML L, AT &
b 23 fe#t. E-mail;sxh 2014@126. com.
FEEE:FRRA976), B, LR 4L . #HE . HLH
“h L2 At 5 3R &, E-mail; chengliang 1i@163.
CcOm.

ESTH: LARLRF AR ERBIEH TRBERETL
A A AT B H B (QL2016-17),

Wi AHA:2017—02—28

TR IR TREE (DA-6) , X 44 i BEIE
R TP 40 i 43 2L R 2 A A A R R R
HAEARR . AEZNYGRSHELZ LI,
B EW W DA-6 X SRR A T
il AR A K MR A, BT oK b & AR A4
FEAR, B R R, IR E Y R,
[l DA-6 AT LR FEAE P 40 53 3¢ AP LK C.
N AR S, DA-6 RETE H SR+ H AR, TG
BELERB, ANASEMEE, BALESH
B AN AT LA B A P O (B S R A R A T
(¥R F RS AT S M

DA-6 BT FAR A, 77 3 B Ak 7T 742
faRE & R (W B3R, KA BT R I BRDEF=) , ELAER
R LN AR RER . BE DA-6 FER L
R A 7 X B . i e U S it
RAEY 8 i A IV T AR DA-6 ¥R BE LU
KR [l it P 26 30 A4 K 2, o DA-6 4
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BRI = P B L AT RS AR .
1 #R57EZE

1.1 RIEHELR

IR TE AR A 48 % T LR ARk R A BT
FERBARAER TREEEE "M EREERIET

AR E L7 PR B (Rg 11778
41. 82", b4 36°9'46. 52") HEAT. % HL B BB IR A
RIS, F IR 13.0 C L FEHFEKE
750 mm, TIERAURERE EPETIERS L
8 T BRI L, R AR AT
Wk 1,

*1 il T EERELER
Table 1 Basic physicochemical properties of tested soil
pH FECS: 2EAGE WESASE HEASE A’ HRBEE LG &R
K+ 1>  Soil conductivity Total nitrogen content Nitrate content ~ Ammonium content Available K content Available P content Soil organic matter
5:1 /(pS e em™1) /(g kg™ /(mg * kg™ 1) /(mg * kg™ 1) /(mg + kg=1) /(mg « kg~ 1) content/ %
7.83 274.00 0.26 36. 47 35.02 55.07 34. 22 0. 84

1.2 RIEH#

BRSPS A iy . KR A 1L
RARN KRR X F T Eg SN A e R LA S
55 = AL R PG FR W U 6 1 (s RE R s
JERIER R PCUGE N 42%,25 °CH#rKilE Bk
Wik 60 DA RAES T REABDARAF
Tt Mt ES (DA-6) i b g R A Rl
A BRA T A=, WA 98%

1.3 REH*E

RISk B R R AT, BEIKHE  WEHE 2 Fpad
3, CKI1.:JEfE DA-6 ¥)E5 0 mg « kg ;D5 JiEktE
DA-6 ¥ & 45 mg » kg™ ; D10 JiKjiti DA-6 ¥R K
10 mg » kg ! ;CK2 . Wikt DA-6 ¥ JE 50 mg » kg !;
P5. e DA-6 ¥ FE R 5 mg « kg™ ; P10 §HE DA-6
WEHR 10 mg « kg', BAE I RERE., BT
FEBISHER 11 cm, FFBERZ 16 cm, B 13 cm,
P BERMERIE— R MR A 356 = S5 AR R
BAEEAET B+ 1.5 ke,

RIET 20154 9 J 7 H LB T #) 3% S
FHESM, B 20 BFF. 9 A 24 AR, W
B8 3 Bk, IFIASH— kWit DA-6., 2 B 7
B e M IE B T g 2 N e 2 2R i
DA-6, EML 5 &M 10 d B 1 ¥, 497 9 H 24
H.10 A 4 H.10 A 14 AmtiE., ENEFHNEL
R e R S A T IE W A BR R R AR K
AL PR PR HE— 3.

1.4 DEAUE
THEEARK 50 d JE IR, YOIRa #3532 E s

TERZHT BB A S E AR &
Kue s A T AR KUER:, 105 CTRF
30 min, & T 80 CHAFM T 2 HE, FRIEE . B
— e BB B, BRI 2 g BAGRE A 10 mL
R B K & 30 min 5, RAKBRILE
B EMRE SR, RAH 2,6- ZIHER P
ERAER CHE, RO ERBONE 3R
a Ml b,

KRR OB S FRE 0. 2 g IO ATH AR
% H H,S0,-H, O, BEA5 TR LA 3, 4 1 3l 6]
A2 4 B AN (SmartChem200, AMS-Westco, Ita-
IDWELASE. RRABBERAREAHNCOT
B LA-SHRRAAM ARG #HITWE, HgR
KIS (PS I L FrHefb 233 OPS1 PS1I &
KAL2ERZ Fv/Fm PSTT I TEGAL4 G M Fv/
Fo){#i FH ¥ Hansatech 2 84272 #) FMS-2 ik nb
PAHXZOARE
1.5 BUESH

RIEEHE F F Excel 2003 F1 SAS 8. 0 # 4
SEERFNGET 40 M, SRl ANOVA #4777 2507
B 4b 3] 5% B Duncan’s Multiple Range Test

BRI A B M 5 P<<0.05 KEMERE
FME, I Origin 8. 5 HAEHE.,

2 GHRE5HMH

2.1 AELEBXMER=ENEYERIZ
5 CK1 M, JE#E DA-6 30 1 3 /=&
A, WG DA-6 JEBA IR r= &, A
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MRS (8 1A), 5 CKI1 #3Ee. D5 #1 D10 4t
PSR = B 1 E 4 H N 53. 05 % 1 61. 64%, D10
SEFRGE S =B Db AbFEA I B2 R R
B3, 5 CK2 ., P5 Fil P10 AbHTE 3= 8 %
IR 2 )R 79. 56 %N 80.30% ., Hik# 7 B &
K5 P5 5 Plo Ab B RN B 2. MF DA-6 3
FEJR M AL B AL B R B E RS,
CK1.D5 1 D10 b B 3L a4 51 2R 8. 98,
10. 26 1 10. 58 g(J& 1B), 5 CK1 8k, D5 1 D10
MRS TEXEDE. HEREE SN
14.25% %1 17.82%,D5 f1 D10 AbFEZE R AR B E,
CK2.P5 i P10 4b B 38 4= ¥ & 43 51 Ry 8. 56,
2.87.2.19 g, 5 CK2 Ak, P5 71 P10 4b3 B & 1%
fIK T AR, P5 Al P10 A BER AR,

3
<
1

(=N}
<
T
(S

c c
CKI1 D5 D10 CK2 P5 P10
AbFB Treatments

<

FEE (B TREE R
Yield(Fresh weight of aboveground)
(%)

S
MY

2.2 ARELLEIHEERREHNIE

i DA-6 AR RS T WRFHLEER C
(& 2A), 5 CK1 MH,D5 A1 D10 Ab##H
HHERCHFEAMIMT 14. 17% 1 34.90%,
D10 5 CK1 bR B3, CK2.P5.P10 b3
WEREAEE CH AN H 16201, 54.44,
85.78 mg + (100g)~!, 5 CK2 # . P5.P10 4k
B R EER C AR 35 66.40%.
47.05% , ZWABHE DA-6 BE R RERELEE C
TE. JEE DA-6 BERK T EXMARSE,
BEE DA-6 RN, ERESA SR EZ
PRI (F 2B, 5 CK1 M. D10 4h 3 @
ERETHEFWESA SR, 5 CK2 Mk, P5 M
P1O AP RS T WM A AN &, HIgiE4
K 68. 33%FN 77. 27 %,

2 a

? a

Ng ™
<N

AEGETRE)
Biomass(Total dry weight)

b
% %
D10 CK2 P5
AbFB Treatments

Bl FRLEFEXTE(ENBRE)NEDE(ETRE)

Fig. 1

Yields (fresh weight of aboveground) and biomass {total dry weight) of

spinach under different treatments

5%}

<

f=1
1

A(mg:(100g)")
(=)
=3

W A RO &
2

Vitamin C content of aboveground

<

D5 D10 CK2 P5 P10
AL Treatments

3200 a

b
be c

CK1 D5 D10 CK2
AL Treatments

2400

Hh B ES A SR
Nitrate content of aboveground
Anggh
% =
<o <o
(=) (=)

b

P10

B2 ARELERS EMEER CHHSESE

Fig. 2 Contents of vitamin C and nitrate of aboveground of spinach under different treatments

2.3 FRAEMEREHRERSENRID
i DA-6 AL E IS iR S &

(E3A). 5 CK1 A, D5 F1 D10 4b B4R 1 %

s B A A, RIHEE 251 1885 Al

6.36%,H D10 5 CK1.D5 fp iR EE, 5
CK2 1 P10 AbFEAH H, P5 Ab 38 I8 B4 5 T 93¢
Hh TR AR, e 7. 8700 A 11. 38045
5 CK2 Zh#EAH EL . P10 AbFEFEAR T 3 35 3R 4
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A&, BIFE 3.15% ., K DA-6 &N T
WM T MER TR A 3B, 5 CK1 ML, D5
MDI0 AR ERE TR T HEea S5, 18
BIERE 4> B~ 23.83% Al 37.72%, 5 D5 4bFH

56 -

7

Amg-g")
[N b
oo (3]

=
T

W AR SR
Total N content of aboveground

<

D10 CK2 P5 P10
AL Treatments

FHEL D10 AbHE B 2485 THE R T A& &,
5 CK2 #iL, P5 il P10 4bBE B E AR T 338
TH A& & BKIEESNHR 14.84%
F150. 04%,

<

380 a
=
=
: 7
g 285
]
QE
WS, 190
H 2 o
g 9.5
= 8
Bz
=
k]
=

D10 CK2 P5 P10
AL Treatments

3 AR EREHE LB TREESRE

Fig. 3 Contents of total nitrogen of the aboveground and the underground of spinach under different treatments

2.4 FELEWNEEHEESERMHREENN
R

JIHE DA-6 Ab B E I T M SRS
LB DA-6 (b3 B ERRK T KRR SR
(B 4), 5 CK1 A, D5 1 D10 Ab B3 S 0+ 4%
£ a SRIMES NN 2. 18%F 8. 96%, AERAR
B3, 5 CK2 ML, P5 fl P10 A BB SEMHEE a

08 A

7,

/(mg-g")
[=) <
S o

Mt RaE i
Content of chlorophyll a
<
]

I
N
%

<

b b
P5 P10

CKI1 D5 D10 CK2
AbFB Treatments

SRR R 42. T4% 0 43.84%, AR B
F. 5 CKLHM,D5 fl D10 AbBEFE RS E b
SRR A 11, 60%F0 6.91%,D5 A3 B 3
BT SR b R, 5 CK2 MLk, P5 R P10
AbER G SR 4R 2 b & = FEIR 3 B 36.95%
48.09%, HZR B % ,.{4 P5 f1 P10 A HlZ R A
nE,

03

e bR
Content of chlorophyll b
Jmgg")

D5 D10 CK2 P5 P10
AbFB Treatments

B4 REAETHRR KRR  IRHR% b SR

Fig. 4 Contents of chlorophyll a and b of spinach leaves under different treatments

R RIOSEIR R M T i R e A 1E R
HRGX R 3 S . 5§ CKl
AL, D5 AbHEFESE PS 1T % KOBAL F 30K (Fyv/
Fm) .PS || ¥ 75 1% P (Fv/Fo) . G4k % B K 25
(qP), JE LA 2= 7 K R B CaND 4r 3 3 hn T
2.55%.21.86,87.61%.1.56%, H Fv/Fo, qP,
N ¥2EF B E Gk 2). 5§ CK1 i, D10 4 #
BERR T HAEEK R (P, S Fy/

Fm 8K Bt PSR WG aB 5 LA, B R e
IR BRI R A HE AR AIERET . B, 8 B ISHE DA-6
REXS ot M SR RS S8 TR S it
eEtERE. 5 CK2 ML, P5 5 P10 4bJH B & 1%
KT IR E R .
2.5 AELEXEERRFERRORME
WX H BT LUE Y, 3R R AFAES A
AbEE 2 B B2 R (R 3), D5 Al D10 4b# i 3%
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FHRES MR 1 700.04 cm F1 2 566.24 cm, 5
CK1 #H H, 4 5036 hm 30.57% 1 97. 0%, JEHE
DA-6 B | TR &8 Ry % m AR, R | R
A,

5 CK1 M H., D10 A BB FZ E R R mH

AEE S B2, BIE 4 32 97%.100. 73%,
82.8%, 5 CK1 A0, D10 AP SEAR IR 5
T0.242 £%, 5 CK2 # b, P5 #1 P10 &b 3%} %
FRAMWERKAMBEN, HEFBE. PS5
PIO b ERABE,

2 ARG EFREFEHRER L
Table 2 Chlorophyll fluorescence of spinach under different treatments
AbE PST &F7=#l PSITHRASEIE R PSIT #7EE Pl TN SRl 2D ET
Treatment OPSII Fv/Fm Fv/Fo qP qN
CK1 0.781 7a 0. 864 Oa 6. 620 1b 90. 965 0b 0.925 4b
D5 0.781 7a 0. 886 Oa 8. 067 4a 170. 660 0a 0. 939 9b
D10 0. 758 Oa 0. 868 3a 6. 631 9b 168. 245 0a 0. 885 5b
CK2 0.770 Oa 0.873 ba 7.010 3b 71. 645 0b 0. 940 2b
P5 0. 420 0b 0. 523 5b 1. 806 2¢ 59. 570 Obc 1. 372 5a
P10 0. 357 5¢ 0. 445 5¢ 1.735 3¢ 32. 458 4c¢ 1. 550 0a
R AR R EERER B (P<0.05), FH.
Note: Different lowercase letters in the same column indicate significant difference at 0. 05 level. The same below.
%3 AELEEEERRSH
Table 3 Root parameters of spinach under different treatments
Ab3 Lis EJip A R FHER BFEEH HRI%
Treatment Root length/cm Surface area/cm? Volume/cm3 Mean diameter/mm  Area of contour/cm? Root tip number
CK1 1 302. 63b 116. 72b 1. 33be 0. 32a 33. 14ab 4 096. 50b
D5 1 700. 04ab 165. 71ab 1. 94ab 0. 34a 54. 03a 3 970. 67b
Di1o 2 566. 24a 234. 29a 2.42a 0. 33a 61. 87a 5 089. 00a
CK2 1 226. 52bc 104. 93bc 1.01cd 0. 31a 33. 40ab 2 602. 67¢
P5 359. 25cd 30. 25¢d 0.29d 0. 30a 9. 63b 1 215. 00d
P10 218.33d 18. 65d 0.18d 0. 30a 5. 94b 64 133. 00d
i R A B =] b7
TR RS SRR A R, B R R T BT IR

3 Zw5iTfie

5 CKI1 #8 ., JE i DA-6 3% 3¢ 7= & 34 fin
53.05%~61. 64 %, AT fg & 2 DA-6 FZiE i
RSB R A K IR RIE ), SR SE g %
AR, RSB R DA-6 fiE e a2 R
B3, 0 BEJE i F WM = W E DA-6 X =4
BE ERERAERKREE HTFAE. H4EER C
SR MRS ER, AU TR '
HFELT WM. XS5 EFFEIEFM LY
WE5E AR, BT B S0 AR i 4 e oy L 4K
SrERAA R, IR PSR PSR AL &
ik 2 923. 39 pg « g7 'FW (R TER L2
(<3 000 pg » g 'FW) M Rp=A:- iR & 2 i
PR . SkFIE S PRI R B, B DA-6 1]
HEDARERERESN TEEEAKR.EERC
Ea; PR DU s R B, DA-6 ] B R

SFUIBEFIAK , DA-6 BT 3 INE S it i 7T 9
MYELE C &, RiXRERRYN, Kt DA-6
WP R T HRAEAER C AR, T MRS
B, ZRRALHEZ HEREASTEER IR
% AT RE N A5 BT R IE AR IR, BJCA PL B
Ao HIGFTIL, JRMEIE B DA-6 BERACE 3 3 4 T
RRHEFME.

BTN SR RDCAED R L B B
FUESE . DA-6 7] B 3 (¢ 7 RS 3R R i 4
KOIFEREERIRRE LA TRERERE
THLEHER RN A K. ZIXRIEHE DA-6 1
TR T ARA ARG, B0 10 AEAK AR i BE
BEWIE BEAE K, AU =& i AR TS
THEA ST, HEBUE DA-6 #ERF &,
SEHL T AR A BB, 7R X AR I
PR ] BRIt Ak R 9 S A S R M TR AR A A
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KA M,

25 LT, FEFE BESE L K DA-6 B 3
MR EMAY &, RFBERM R, 5§ CKl
HHEL, K DA-6 W3R =™ T 53.05% ~
61. 64 %, 2EE1RE 14.25%~17.82%, BEW
MY EEHFHEER COE, BRTHEBREY
'O TSR R R TIRRAEK ., Bt
DA-6 Xt 3 3 38 7= 200U 5R AN B I8, X 9 3% & o el
TR . I, e S AR 7= o R R A AR B
DA-6 ¥ FEH 10 mg « kg™, BRABIR MBS &
MoA] g HOB IR .
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Effects of Different DA-6 Concentrations and
Application Methods on Growth of Spinach

SUN Xiaochui®? , LI Chengliang® , CHEN Jiangiv® , LIU Longfei' , WANG Qiushuang'! , YANG Fan'
(1. National Engineering Laboratory for Efficient Utilization of Soil and Fertilizer, College of Resources and Environment,
Shandong Agricultural University, Tai’ an, Shandong 271018; 2, Liaocheng Product Quality Supervision & Inspection,
Liaocheng, Shandong 2520003 3. Kingenta Ecological Engineering Group Co. Ltd. , Linyi, Shandong 276700)

Abstract; Taking spinach as test material, the effects of different DA -6 concentrations (0, 5,
10 mg * kg™!) and application methods ( bottom application and spraying) on yield, quality and
physiological characteristics of spinach were studied by pot experiment. The results showed that the
yield of spinach was increased with increasing DA-6 concentration,and the quality of spinach was also
improved. Compared with the CK1 (basal application of DA-6 concentration was 0 mg * kg '), the
spinach yield with 5,10 mg * kg ' DA-6 concentration were increased by 53. 05% and 61. 64 % ,and the
biomass were enhanced by 14.25% and 17.82%, the vitamin C content of leafl were increased by
14.17% and 34.90%, respectively. 10 mg * kg ' DA-6 treatment decreased by 27.14% of nitrogen
content in spinach leaf under the control treatment,and enhanced the spinach chlorophyll content and

chlorophyll fluorescence characteristics, and promoted root growth. But there was no significant
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5,5 4w

(L AT AL A SIRBERL 24 B, TV HUM 3100365 2. LN IR BRIT-#BE, ¥ T HisH 310036)

o EMRETFREAF AR FTLEGE SRR, RERBE R L EORERTT
KRR BAESREMEH AR, £ ZR G ESREMEAE R, BB E T TH B
% B3 R BBy 69 1974,1983,1995,2002,2015 4 5 A BF B ik B B4, ot 41 F e HAR 475
K, oA # T R 6 LB A6 TAL(LUCC),, 458 & 91 :1974—2015 4i8 3 @ A7 08,
113. 2 km? , R AL A 3 AR Y 941, 2 ke , B M @ ARV 269. 4 ke , 3% A Mo Fe Ak o 1 AR 2 )
w1 298.9.24.9 k', B AS K FEFT LS A A —11.6,—10.6,—0.18,0.89,

0. 89 L7, T R R A KBS T~ B

BT 20,610, HASHRSREWEZ

Bt X A SRS EGRIMA R, TZR R ZFUERAARGTFARERS TR
R AW ESBESOERER, LT RERENERERLESARKETR TR ILZREA, 5
JEAETFRA R BT R AL SR ATHFE S S A R,

REIR : AL HTFE VI AR A AR SN

hESES:SO CEkERIRED: A
H & IR 45 15 8 (ecosystem service value,
ESV) A8 7 48 LA KA A5t 12 BB U 458 A
RAEFHARFEFGSHAY . &AL 19 #
40 70 R IR, 1998 4 COSTANZA &2 3
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R A B B PR Y, (B2 COSTAN-
ZA IR B E WM E B B EZ I H )
20T TR A SRS IHEREN M, BEE
ZBRARRT KB AR EAIARAE TR
RAELE , 3T AR WETR A A (B AR e Y
BEREL. WEUG . REL ST s KL
J& M1 BEE 22 B K AR I, BHF R R W & LA &
S AL R AR T, 1 LA R R R ) 2R R
WA TARKHAL ., TR FH A fb %t B BT
o AR A Y A LY Nt e
BTN F B FE A A 25 DL Ky A SCHE SRl 44T
B, BarERSMEE ST 2EREHE KR

P P

difference of the total nitrogen content in spinach plants between 10 mg * kg™ DA-6 treatment and

the control; 5,10 mg » kg ' DA-6 spraying treatments significantly reduced yield and biomass of

spinach in comparison with the CK2 (the concentration of DA-6 was 0 mg * kg™ ), the vitamin C

content in leaf was decreased while the nitrogen content in leaf increased. Therefore, the basal

application of 10 mg » kg™ DA-6 could not only improve the yield of spinach, but also enhance the

quality of spinach.

Keywords: spinach; DA-6; yield; quality;nitrogen content



