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Abstract; Aiming to struggle with the problem of low precision of nutrient solution dynamic deployment
in protected cultivation. Based on support vector machine regression (SVR), a model for regulating
nutrient solution was established. Firstly, the pH value, EC, K* concentration, Ca’* concentration and
NO, concentration of nutrient solution were collected under 13 temperatures and 50 groups of Knop
nutrient solution ratio (A:99% Ca(NO,),-4H,0, B:98% KNO,, C.:99% KH,PO,, D:98% MgSO,-7H,0,
E:99% EDTA — NaFe), and SVR was used to construct the index value prediction model. Then, the
discrete slope method was used to calculate the discrete slope of the content response curve for nutrient
solution detection index value and five compounds, and artificial fish swarm algorithm was used to obtain
the maximum mutation point of discrete slope. Finally, the optimal regulation model of nutrient solution
was constructed based on SVR with the amount of five compounds corresponding to the largest mutation
feature site as the optimal control target value. The determination coefficients of the five compounds in the
nutrient solution regulation model were 0.99, 0.98, 0.99, 0.96 and 0. 99; the root mean square errors
were 4.29 mg,7.39 mg,5. 02 mg,2. 85 mg and 3. 96 mg. These results showed that the fitting effect was
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good. Compared with the control effect of stepwise regression method to obtain the target value, the
average relative errors of the five compounds were reduced by 37.65% , 49.94% , 40.53% , 50.58%

and 42. 84% . In the validation test, compared with the stepwise regression method, the relative average

errors of five compounds in the nutrient solution regulation model was reduced by 46.42% , 52.08% ,
54.03% , 53.59% and 54.54% . The average reduction rates of the five compounds were 1.69% ,
5.81% , 5.85% , 3.65% and 7.08% , respectively. The nutrient solution regulation model based on

SVR had the characteristics of high efficiency and energy saving, which may provide a reference for the

practical production and application of protected crop cultivation.

Key words: nutrient solution; regulation model; support vector machine regression; discrete slope;

artificial fish swarm algorithm
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Fig.2 Experiment device for nutrient solution control
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Fig.5 Obtaining characteristic points of discrete slope of response curve of nutrient solution

H ik —LE W BT SVR /Y& Jf

WORE LA W [ K 3E T SVR B % T 8 45 A R B 4G
WERE AT 5T R T AR R I R 7 60 4R SRAE iR e 0y B AR SO AR, U7 45 AL 56 5IE , AH ¢
REE S Mk W S A S ST R pH ., MWK T R, B EL L, Ly Ly Ly Ly, 535
EC K* FfHyk i Ca" JJu vk B Al NO, Jii i ik ¥ 5 AL A Y & B SEBRERN BOE 1 LA B2

SREC S AL AW AR DO E s B bR T Lo RO 100 Y 1155 Ly, 4  0.99, K



513

BERZR S T SRR 1 B AL IR 0 A B R R 5 T 5

319

=107 pH{H
1.3r-e-10* EC/(pS-em™)
1.2 KRBV (mg - mL")
1.1 Ca® B/ (mg - mL)
1.0« Nogﬁﬁiﬁfﬁ/(mg -mL1)
0.9 o R KGR
0.81 o EFR R Al

KB RE

400 600 800
AMMA & /mg
(a) thBEWA, T=16C
=107 pH{H
| =107 EC/(uS-cm™)
KR (mg- mi )

0 200

i
o
O\A

7

{Sag Ca? R/ (mg-mL ™)

0'4 | - NO,JFf &R/ (mg - mL™)
AT o RER KR

031 o BEIWRES RS

0.23

5
(=2

M

0 20 40 60 80 100 120 140 160
BHIA f/mg

(d) fe 598, T=16C

(), Qe O

0.7¢

067 10 pH{Y

L -e-107*EC/(puS+em™)

<+ KRR g mL )

[ v Ca T EHK)E/(mg-mL")
0.3} < NOJEHRE/ (mg-mL ™)

Gran(:h

EioallLE}

o BRI RGAL R

L CETRBHEREN

0 20 40 60 80 100 120 140 160
CHIA R /mg

(g) L5 HC, T=16C

US‘WW

0.7+
0.6 10 pHif

10" EC/(pS+-em™)

- KRR (mg - mL")
v Ca? [ B B/ (mg+ mL™")
< NOJ B He /(g mL )

i

a5

0.5F
0.4

2

Feril

0.2
o1l © BRI

OEFHREAESEN
100 150 200 250

DINA &/mg

() L&D, T=16C
0.8 oo
0.7+

0.6F _._]0,11)]_”[;'7
05+ 104 EC/(pS+-em™)
04l - KRB E/ (mg-mL ")
T v Ca® K E/ (mg - mL)
0.3~ NO,T B/ (mg- L)
i
ohRfeEs
0 20 40 60 80 100 120 140 160
EhI AR/ mg
(m) fLEYTE, T=16C

0 50 300

KA

= 10" pH{Y

=107 pH{

1.3 - 10" EC/(uS-em™) 13F-*10*EC/(pnS+em™)

1.2 K*ﬁ’)i%g JE/mg - mL™") 12ha K*Fﬁ%i’%ﬁ%ﬁ/(mg'mk‘)

1.1 Caztﬁg‘?&E/(mg'mL") 1.1 v Ca* TSR %/ (mg - mL")

(1)-8 [« Nosgi‘@%ﬁ/ (mg-mL™") 1.0~ NOJFT B/ (mg - mL")

i e[ ® ff}ﬁ@jﬂt%gg " T 0.9 o gkl ke i
Eogle BB R A = 8‘?: o EFMREGE A
gz 0.

= 06} = 06" oo
£ 05F & 05F

0.4 0.4

03F 03+

0.2 0.2,

0.17 0.1

0 200 400 600 800 0 200 400 600 800
AN /mg AfNA B /mg
(b) L&A, T=22C (e) fLEHA, T=28C
=107 pH{H =107 pH
10" EC/(uS-em™) -»- 10+ %C{/Eps ccm™!)

09 & KSR/ (mg - mL) 0.9 o K i &y & /(mg-mL")

0.8 081

0.7} 0.7
E Ooframemness T ogfremansenes,
& 05 v Ca BRI (mg-ml. 1) = osp v CaRAREE/ (mg-mL )
Soal NO, e B/ (mg - mIL™) = | NOFREHIL/ (mg - mL)
&l REERR TR % 04l o BRI SRAR R

0.3 o EFRMRMEE A 03[ o EIRMEAESEN

0.2) 0.237333ITITITEE @

0.1 0.1

0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160

B A f&/mg
(e) &9, T=22°C

BN A t/mg
() (&8, T=28C

(0.8 O @b (3. 8o O @b
074 07y
06 W.m 0.6 W‘mﬂ
% 05k 104 EC/(pS+em™) % 05k 10’4%‘(3%”5 cem™)
S | & KRBV E g ml) S| A KRR (mg- mL)
= 04 = Ca> FLEWJE/(mg- mL) = 041 = Ca RIKE/(mg- mL")
& 03+ NOFTEHE/ (mg-mL ) & 0.3+ NOSTEWE/(mg-mL")
02; 0.23
0.14 © R R AR 1T 0.14 ES 9N Y
ok | chmmmbals
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
CHI AR /mg CHnAf/mg
(h) fef3C, 1=22°C (i) fepC, 1=28C
L8 T O A b 0, R KO ]
071 0.7
0.6 A 0.6 =0
o) =10 pH(Y Z = 10" pH{]
15% 05r =104 EC/(pS-em™) 15‘1% 05F o110+ EC/(uS+cm™)
-é_v; 04k * K*Jﬁ%%{fg{(mg- mL™) +:=\1 04+ = KJFRE KA/ (mg- mL)
= v Ca™ R B/ (mg - mL™") @ v Ca’ &V E/ (mg - mL")
< 03r « NO;FE EHRE/(mg - mL) * 03F « N();[ﬁﬁ‘"{ﬁ{{)}f/(mg- mlT)
0.2] 02}
0.1} ®RPRERRA S 0.1+ @ BRI ARA
S T Shjmfbaks
0 50 100 150 200 250 300 0 50 100 150 200 250 300
DA & /mg DA & /mg
(k) L&D, T=22C ) L&D, T=28C
(). 84D P ettt e L8 e T O T ]
0.7t 07t
E 06T 0 phif 06T 40T pHif
Y050 = 104 EC/ (S em™) Y05k =101 EC/(pS-em ™)
Z 4 ~ KR g mL ) 2 ol KRR g nL )
§ Tl - Caz*[ﬁﬁ?}&)}%“/(mg-nﬂf') 4:5 T .- Caz:fﬁfﬁﬁ?}g/(mg +mL™)
0.3 & NOJfi & We[F/(mg- mL") 031 < NOJRARIE/ (mg-mL")
0.2§ 025373
o1l SHEI A ol o
i T X
0 20 40 60 80 100 120 140 160 0 20 40 60

EfA R /mg
(n) fLEHIE, T=22C

Pl 6 SR RS T4 A e R 2R AR A RIS BOR X L

Fig.6  Characteristic points acquisition of response curve of nutrient solution
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Fig.9 Comparison of usage of five compounds in two groups of regulatory models
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