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R, B AR R R A A K K T A A, D
WIS A KA T LB P E IR s, Sk
RAFN T A= HE.,
1 MEEFE
L1 skt

BEAT R A B B B M O AR, RAIBHB
i =X EFALRMBHE R B X R AK L TREREET
TE AL EANTIHEY T 317, 8 B L IR
FER 2 500 Ix, SEHRRE S 12 h o A1 HEY L) WERIR
25 °C/18 C, AR ERI— 00 G KUEFIRER G
G E M T KR b KIEFH PG 2 28 cm X
37 emX17. 2 cm, BFEW R 10 L, XF R AKE R 9.7 cm,h
AR =, BHFHE 4 AR P FEHFHES
FMAE, RIT 2014 42 11 A 20 HIFHE, & 2014 48 12
A 20 HEEH, 35378 40 d,
L2 Rk

PRI SR = R K Jm] )5 38 P s 41 A Bt (R
D,3 20 M3, 3 KER . BRABHIEETRERE
PR 7 B ERE . B TR R A A T,
EDTA -NaFe &% 56 mg » L' (3 2),
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Table 1 The experimental factor and level code value

HF LR TRR TR . TR44RTE%ER Dimensionless quality
Factor Upper limit Lower limit Zero level ' +r 1 0 —1 —r
N 9 3 6 .78 9 4.22 6 7.78 3
P 1 0.2 0.6 0.24 1 0.36 0.6 0.8 0.2

K 6 2 4 119 6 2.81 4 5.19 2

11

PDF SCH# ] "pdfFactory Pro™ X RAG)E www. Fineprint.cn


http://www.fineprint.cn

< IREHR -

wF @ ¥ 2016014):11~16

x2 EXRPHELERE =3 KA REEEFHBE
Table 2 The dosage of trace element in nutrient solution mg e+ L™! Table 3 The text plan and code value of each factor
WEY  FeEDTA HsBOs MaSOs  4H;0 ZnSO; + 7HyO CuSOr » 7H,O i X1 X X3 F& Yield/(g - B
Compound Treatment Hi#H Early stage  J5#H Later stage

4% Content 30,00 3.00 2.13 0.22 0.08 1 1 1 1 4.83 68. 91
13 TiEmE 2 1 1 —1 9.01 65. 82
3 1 -1 1 311 66. 94
HEME IG5 A7ES 10 KRS 40 KRB 4 4 1 BT 7.40 61. 01
2RV | AR, T n
y 6 —1 1 —1 4.15 84.12
L4 B N N 7 -1 -1 1 a7 75.03
N A DPS 7. 05 F1 SPSS #4-#E 4788114047, 81 4 8 —1 —1 —1 2.42 78.50
reg i RIE bR 5 &R I N T 22 6] 5 BOF AR R B 9 +r 0 0 4.45 65.06
Sigmaplot AT Bl R L o 10 o 0 0 &3 m.at
11 0 +r 0 6.78 74.25
2 RS 12 0 —r 0 411 64. 98
2.1 it E ARSI  S oo oo o
xR 3INAFLLEHNEMBEAFEMESE R, M 15 0 0 0 9.95 83.31
PR B DGR SRR G s o o o mo
A5, SPHCR AT IR ALAL B, 75 B 4 38 B AE R [ B M S o o
BeX = R R A | TR, 19 0 0 0 9. 87 82.03
A KRS R B S Y =9, 948+ o o o ww .5

1. 560X, — 0. 150X, — 1. 239X, — 1. 159X% — 1. 516 X% —
1.197X2+0. 278X, X, —1. 186 X, X, —0. 072X, X, (1);
ARG WA 2B IHE RN . Y =282. 749 —
4.520 1X, +1. 680X, +0. 873X, —5.597X% — 4. 87X2 —
0. 783X240. 625X, X, +3. 125X, X, — 1. 625X, X, (2) ;38
XX X AR AR R AIBECTRD

XFR(D QAT i E MR, AL (1) Fyyy =0. 723<<
Foos=5.05, kAN B3, Fys =25.693 1>F, =2.91,
R =0. 96, [l ¢ Rk 2] i E K

BEHL(2) Fyopy =2. 519 9<<F, 05 =5. 05, R A 3 2,
Fis =5.022 3>F, o; =3. 02,R? =0. 91, B[] 9 % £ ik
2 8 E K

FRBRERERN, E5 X HZL AR, BB IE
W N AR S B 2 M XR, FREAMA S

# AT AT HE— 5 A S T

2.2 RBEHTHEH B S5 B AR

2.2.1 ERH o TESEAAR S B 253 RN
Zh R ALk T A IO Qi [ ) 2R L e v AR L TR T 1A
FA— ORI 3 4 oL /N AT OB 4407 . R
B (L) A TR BOHEAT ¢ A0 AT 0 SRV A — YRR 1 —
YRR 3 185K .25 7K, B ) — RO s B A 2 2 7K
F s RBEM A M EAEBALA R B EKF . =R
BB EN RN N>K>P, JHEAL(2) & T &R
BOHAT ¢ YT A, R — YR A — UL B ik ) —
UKLk B 2 25 K7, R 32 AR ik 21 2 2 K 5F
PR TAERL N IR B 0. 25 . E K, R A B S
B BFRE SR RAERENMEEM. =HR
X B R R R AR BE R R/ N>P>K,

x4 HE G EZ SR RKRE
Table 4 The analysis and inspection of the model
y 10d 40 d
ﬁjjzﬁ PRAH & tfH P1{H [LEEES e P1{H
Patial Correlation t-value P-value Patial Correlation t-value P-value
X1 0.967 4 7.970 8 0.000 0 —0.920 3 5.480 7 0.000 4
Xz —0.232 3 0.781 7 0.485 7 0.550 9 2.070 2 0.084 8
X3 —0.970 3 6.449 0 0. 000 1 0.334 2 1.089 6 0.364 1
X% —0.962 5 6.275 5 0.000 1 —0.949 1 6.819 2 0.000 1
X% —1.002 0 7.888 9 0. 000 0 —0.950 1 6.074 8 0. 000 2
Xg —0.942 6 6.622 7 0.000 1 —0.3155 1.005 1 0.378 3
X1Xs 0.337 1 1.114 2 0.3137 0.1821 0.596 3 0.635 0
X1 X3 —0. 847 0 4.812 5 0.001 0 0. 666 9 2.964 8 0.021 8
X2 X3 —0. 089 3 0. 307 3 0.784 6 —0.443 8 1.456 9 0.183 3
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2.2.2 BNZEXEBHIB S KRBT RIERSE
5 250 11 ZR AR ke o S DRI, T LR B IR R
TETEF K, X [ 5 J7 R BEA T 4 AL 2 , 23 51 75 2 4% X
R RS BRI S5 . XL (1) BE4T 4R AL B
53, Y, =9.948 4+ 1. 560X, — 1. 159X} ; Y, = 9. 948 —
0.150X, —1.516X5;Y, =9. 948 —1. 239X, — 1. 197X s
EINTRATULHANRSER TR KAMLK.
Hi P& 1a AT, ABRER =38 X1 B4 U B i IER TR,
TEAE AR, BRI MR BE X A S 7™ B Y S8 R #90 TF 1 1)
TR . BHERALR, ™ B R R B R TR 2 BT
5 R S T RVR SRS (E 0. 673 4b, P B IXBIRK
B 10.47 g « ¥ ' BEE - BIT IR T . BABEBEALAT,
BEASETE — 1. 682~ —0. 050 #E T+l ¥, 7E 4%
EZKFIF RSB, 9. 95 g « Bk FBEERALET,
BR7E—1 682~—0. 517 BrBe A —MEE /Y BT,
TEMAHE—O. 517 Ab ik Bl i, 10.27 g« k' BLBA
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APt i

T ca. BT B X A S AR 5 b J5 3945 B 7 X ARSI U R

TEAE A K RTH, 40 AV BE S B OK L AR R AE R K
S, T e B I R FEAE P R KOS, TT DATE MR R AR IR
BE B RV BE AR R TE R KO, IR AP MR AR SR A K
PR (2) AT P 4E AL PRI 3] Y, =82. 749 — 4. 520X, —
5.597X%; Y, = 82.749 + 1.680X, — 4.875X%; Y, =
82. 749-+0. 873X; —0. 783X s AE K J5 B L N R X = & 1)
L E 1b i, EENMETY. ABSEAE
YRR Om T HMYL. Ui A
BRI P VE AR —E PR . M BRER AL T R K AT,
7 P R 3 T S 4R 5, (E i R R B —
KT B IR T %, 7E 5 R & g i {E S — 0. 404 B,
AR EIR K., B A K IE—3 7 0.172
FHABI= B R KE. SEENHBREERAH
. P A K G B, 8 ZUBE 1 R BE OR R A P Rl K R
TR ARYTH 77 SR W
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Note:a. The influence of experimental factors on yield in the early stage of the growth;b. The influence of experimental factors on yield in the early stage of

the growth.
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Fig.1 Curves of the influence of experimental factors on yield during different stage of growth
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(DHFFTE 3 83 M EAET, SR TR e Ab 2], 15
B R AR R RN AE AL Yy, = 9. 948+ 1. 560X, —
0.150X; — 1. 159X — 1. 516 X3 0. 278X, X, ; Y1, = 9. 948+
1.560X; — 1. 239X, — 1. 159XF — 1. 197X5 — 1. 186 X, X5 5
Y, =9. 948—0. 150X, —1. 239X, —1. 516 X5 — 1. 197X5 —
0. 072 3X; X s RBEXT ™ B i85 B o TE KR, Wk 4
BiR . RBEELAEBL LA 2a.b, & 2a ATHIL B2
PR IAE M . SRR — e, = B AR E
FR3 T S bR T R 7R R BE 4 B B 1) 2K P (0~
DRk BI R, YR —E I, 7™ 8 FE Bk BE A3 R
WEHE BTG TRERE . dE 2b 75, AR
BAESRU 2T A # DR, R B i Bl
FHiRE ST R R TR, YRR A T R R

KPR, B ER. ABHE—TT R TR EKF,
BIMRAR. A S HEAE T AP RIKFm, 7™ 84 A E
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B EWEARE N B, A X8RS 8O R 5
BL. REPEAERON WA 3a.b, HiEl 3a AT, 24409k B
—Emf . B AW E R RS LI E TR R R E
IEFEIKF O~ DB AR R, HRMEL T &
KT B AR VR BE 3 R R TR H . mi 3b
AL, R R BE A R BSOS AR R B EARME. AWELT
PR K B0 o B Ak T BRI K I 7 B A . R X
7B AR A O o AN, DL dab. A da AT LLE
LB F B S TR ., SRR —E N, ™
B Rl VR B A B ORI S8 B T IS T W, 78 40 IR B A S 0
K (—1~0) BRI KR . YHP ik E—E R, " B
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Note:a. Curves of the nitrogen and phosphorus coupling effect on yield; b. Surface of the nitrogen and phosphorus coupling effect on yield.
B2 £KerEsmay=EnRm
Fig. 2 The nitrogen and phosphorus coupling effect on yield in the early stage of growth
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Note:a. Curves of the nitrogen and potassium coupling effect on yield;b. Surface of the nitrogen and potassium coupling effect on yield.
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Fig. 3 The nitrogen and potassium coupling effect on yield in the early stage of growth
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Note:a. Curves of the phosphorus and potassium coupling effect on yield;b. Surface of the phosphorus and potassium coupling effect on yield.
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Fig. 4 The phosphorus and potassium coupling effect on yield in the early stage of growth
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4.520X, 0. 873X, —5.597X% — 0. 783X% 3. 125X, X; ; Yo, =
82.749 + 1. 678X, + 0. 873X, — 4.875X% — 0.783X% —
1. 625X, X, s A K JE B AU X 7 B O R & 00 R IE U
M2 5 AT AT, 7= 5 R B A Tk B A 38 n 38 2 Se R
JERER RS, MEBEAL T P RIKER, =B K, R
82.75 g« Bk ', MAIREEAL T HALAKT, B e B AL T
BRKERS R BRI, 40.93 g« BR . MAVRE 4
F KT (—1. 682~0) Bt , A4 B Uk B Ab F ] Fp ok
F.rrBHBEEEAKEE. WHKRE®KEKTE
(—L682~0)F B Fr-EMitm. FBBHTE RN
. AERXT ™ & AR S RN R IERUN , F 3R 6 A A,
MR B A TR B KT (1~ 1. 682) B, 7= & Bl 4 1k B 1)
FE R E A MR F B AR KT, 7 &
RESTVR BE A3 R 2R 8 T R 3 AR B AL T |k
- (—1~0) st 7= B Bl 4 vk B 1 2 Ak 22 S 38 KR T Y
. R AT E K F, T AL F R R KR
(—L682~—Df, =Bk, Jy 83.67 g« #& s YA
JE A F 5 R KT 5 T R B Ak T B I K R R R A
H46.79 g o BTN, BEERXT R ARRA RN I AR B
F 7 WA MBI B T RRIK T (L~1. 682) it , 7 B BEAR
WRBEI R R RS T B3 MWV B A0 F 5K K F
(—1. 682~—D R}, =B R BE ) TR R HFLE B s
LA TF P RIKE # A FERIK T A~1 682 A, F= B
Kok 82.84 g« BT MBEHRERAL F R ARAKCTBT, P B
AN R 57,84 g o Bk, XUREH L BRVR B SRIFTE R KK A
FIF =2 4R , [F) A ok Bt B AR R R R K«
x5 GSENEXTFENBANN

Table 5 The nitrogen and phosphorus coupling
effect on lettuce yield g B!
L B AR D BV BE AR B (H Phosphorus coded values
Nitrogen coded values  —1. 682 -1 0 1 1.682
—1. 682 59. 67 66. 10 66. 13 54. 96 40. 93
—1 69. 01 75.74 76.19 65. 45 51.71
0 74.52 81. 67 82.75 72.63 59. 31
1 70. 27 77. 85 79. 55 70. 06 57.17
1. 682 61.78 69. 65 71.78 62.72 50. 12
£6  AFNERSROBANN
Table 6 The nitrogen and potassium coupling
effect on lettuce yield g B!
R BE S fEL $ Y 3 4R 5 {E Potassium coded values
Nitrogen coded values — —1, 682 —1 0 1 1. 682
—1. 682 79. 67 81.24 77.06 63. 69 46.79
—1 78.11 83.14 81.09 67. 85 52. 40
0 74.52 83. 67 82.75 72.63 59. 31
1 69. 35 78. 64 82. 84 75.85 64. 66
1. 682 64.93 75. 67 82. 00 77.14 67. 41

R7T  BHENARTENBAB

Table 7 The phosphorus and potassium coupling
effect on lettuce yield g B!
SRR BE RS Wi B 4n % {H Phosphorus coded values

Potassium coded values —1. 682 —1 0 1 1. 682
—1.682 57. 84 69. 77 77.06 78. 60 72.69

—1 61.74 72.91 81.09 79.52 72. 86

0 66. 13 76.19 82.75 79. 55 71.78

1 68. 96 77.91 82. 84 78.02 69. 14

1. 682 69. 99 78.18 82. 00 76.08 66. 44

3 Wit54it

BRI R B, EUBE 0 B i RE 45 W 4R = AR SR
B, R 1 5 B HE A A R B R Y 2
F ) B AR 3 R RE SR PR A ok ve s 0K A 78 SR WV
BE R FIF AE 9 %% K 43 0 W e, DA B2 i 7 & R B2
[

AR B BUE ST T AR = I R X ' R
FEAY WY 246 06 3k B (2 3 7K, W] A AT 7 B B A
S5, AT RICAG R, EAEKEB, YA
HRYR BB M 4. 65.0.69.2. 43 mmol « LB}, =B &K
1 88.27 g o BT, SR EX B AR T R N>P>
K. B/MNEE s R EW, £ FTHRABS =&t
PRSI F/INIE g N>P>K, X4 2B 40 vk B 45 51
7 3.070.0. 582.2. 666 mmol « L', 7= &8 7 LAk B4
FR e Bin. ZIREE R 5/ NEFS R, UL
AR IR R B, W8 T R AF 45k ak s . B2, |
TR FACH T AN R, 23R 50 U8 4 BAVE RN
e BRI ) NK>NP>PK, %t T 284 51
MR A Rt —

R B 4B B i % i S R B0 75 AR AL kAT T 4
) SRR A BB AL T 3 AN B B
WL EEWMBRRE,. HRERAR EHPZIEDY
X—B B BT YR 52K 10% A H, = HEX
TSR R B MIIUT R N>K>P, X 5% R5% /) iF
REWR—BH. R RRW, 4 WA KT
B, = HERX AR B mIUT i N>K>P, Y4 & B
SRR BEAY R 8. 46.0. 62.2. 57 mmol « L7 A, BB
H12.26 g« L AL AT RM 8%,

e A, BB B I 7 B ) B, 1 R
WPV RAE S . BB, A S kL
BN S W2 B or s AL H L R A AL
PR I b 2 = B B TR AR AL B, B AR Y 3
TER . IR 55T, AR X 7™ & i % W 2 IE 3L
I, S5 7 B P R T 2 B 5 B KR 8/ B s e R A
B XoF 7= B RO RE A BRSO A B BT » A X 7 B R B N
BN . o EIRBRRT B B A RN R IR, A
YR BE A F AR KT (1~ 1. 682) B, 7= 8 i 400 Vi B 1) T i
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Construction and Analysis of Hydroponic Lettuce Production
Model Basing on NPK Concentration

ZHANG Dong'? , HU Xiaotao' , WANG Wen’e! ,SU Yuanjun' , QIAO Yuan' , WANG Rui*
(1. Key Laboratory of Agricultural Soil and Water Engineering in Arid and Semiarid Areas, Ministry of Education,Northwest Agriculture and
Forestry University, Yangling,Shaanxi 71210032, China Electric Power Construction Guiyang Survey and Design Research Institute Co. Ltd. ,
Guiyang , Guizhou 550000)

Abstract: For quantitative reveal the relationship between hydroponic lettuce yield and major nutrient elements(N,P,K) in
nutrient solution,leaf lettuce of Hong Kong*Bolicui’ was used as test materials, hydroponic formula of different N,P,K
were set,the three factors (N,P,K) five levels quadratic general rotary unitized experiment was adopted to analysis the
affect to hydroponic lettuce yield. Lettuce yield regression mathematical model of three factors was established. The
results showed that under the test conditions,in the early,the sequence of three factors on the yield was N>>K> P;in the
late,the sequence of three factors on the yield was N>>P>K. The interaction between various factors, there was a
positive correlation between the nitrogen ion concentration and potassium ion concentration, there was a negative
correlation between the phosphorus ion concentration and potassium ion concentration. At the early stage of the growth,
when the concentration of NPK for 8. 46 mmol + L™!,0. 62 mmol + L™!,2.57 mmol » L™ respectively, the highest
yield per plant was 12. 26 g. At the late stage of the growth, when the concentration of N,P,K for 4.65 mmol « L,
0.69 mmol * L ',2. 43 mmol » L ! respectively,the highest yield per plant was 88. 27 g.
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