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Optimizing Fertilization Scheme of Three—Factor and Five—Level for Tomato

in Bag in Solar Greenhouse

WANG Dandan, LI Yan, ZHANG Qingyin, QI Lianfen, NIU Ruisheng, SHI Jianhua*, TIAN Guoying*

(Shijiazhuang Academy of Agricultural and Forestry Sciences, Shijiazhuang 050041, China)

Abstract: In order to study the optimum NPK, Ca and Mg application amount in high—yield and high—quality condi-
tions of tomato in bag in solar greenhouse, the three—factor and five—level experimental design was used to establish
a ternary quadratic mathematical model, which independent variables were NPK, Ca and Mg, the dependent vari-
ables were yield and quality. The results showed that the fertilization schemes of tomato yield 4,300 g/plant under
the conditions of this experiment were: NPK 6.994-7.220 g/plant each time, Ca 0.862-1.059 g/plant each time, Mg
0.217-0.252 g/plant each time; the fertilization schemes with a comprehensive quality score over 90 were: NPK
6.241-6.759 g/plant each time, Ca 0.654—-0.868 g/plant each time, and Mg 0.204-0.246 g/plant each time. In sum-
mary, fertilization scheme of high yield (4,300 g/plant) and high quality (comprehensive score over 90) of tomatoes
were NPK 6.241-6.759 g/plant each time, CaO 0.862-0.868 g/plant each time, MgO 0.217-0.246 g/plant each
time, and the appropriate proportions of NPK, CaO and MgO was 1:0.13:0.03.
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e 2 5HEYO6EE RFRAE T B
R A Bl A A B A R R v A A 7 R
B, B SRR ABENGN T RITE, S
PR A A A 38 7 R 40 L 4 R 2540 Y R B L SR
VE oy 8 77 £ 1S ST AR A 26 DI O R B e A
YRy A R BRI AR BT A R i T LA R
FG 57 65 9 SR B B0, i 5T 3% B E R 9.970~
10.860 mmol/L . i ¢ & 1.364~1.635 mmol/L £ i J&
5.113~5.158 mmol/L i, 7] LAFRAS 5y 7= 2 Fl1 s T i 21
TR, TR T om0 ALl R R AR 2 e
H3 91 119.0.50.4 . 375.6 kg/hm?, Jifi B Hb 451] g 1 :
0.42:3.16", B3 AR5 & B, 4l 45 B AR Y
FH & E 13.34 kg/hm® F1 3.335 kg/hm® if 7] L34 i 3
iR R RN SR S S CBE R, DA AR A R
B, AS [ b DXAS [ A 2% 8 78 00 1 e AT T 8 2=
SRR, DLRBE AR B BE = R R AR a1 3 b it
B T3 et A WF Y o PR, AR SR R A 85 5 =X, R
FH =R 2R KOt AE D7 8, 38 3 T H S AR 40U AS 1 4%
55 2 ot v 7 0 B P S AW BR LS B R 1R it
0 R, DL Sk it — 25 BF 5% ek U L ES L BE O IR
R PR AL P S

1 MH¥EH*

1.1 REREIREH R

I TE A 58 E T ARARE 2 0 50 e X B
Hi HOGR % T RE o A A O B v 30T E 2
1404 o s 4 JE A AL M 5T . A P 42.2
glkg, R (N)2.52 g/kg, & (P)2.31 g/kg, 247 (K)
1.42 g/kg, 7K fift P A 210.86 mg/kg, i &% W 288.89
mg/ke , AL 266.28 mg/kg,pH 7.4, 2018 4-2 H 23
HER TARIAS N s — Pk . BB AR HIOMT
HEF, 43 51 90,70 em, #REE 35 em , A AR R H
BT RS, Bk ER 6 R T 2018 4F 5 H 20 HAT T,
1.2 Rt

K = R R K iede 4 & it 323 4k
MRS MR, R E A EALIX A HES . AW
BRAE R R T SRR AR R A R B AR 7 R
TR AKIENE, H L) A 16:6: 363 55 A i 43 A= 4%
ARABRA A A7, BAS& 8222% , A WU & >
99% ; BENE F SR T 7 4 T3 A BRA R AR ™, SR Ak Bk
BN 85%~90% ., A WA AL RL A it A 5
W, AE R R, BRI & W2 1,
1.3 MEIBR

FRE T RPME, Vs HHERE
PR o P A R e (%) « BRI AR A

F1 BRIt

i X, (NPK) X,(Ca0) X,(MgO)
m AT - TN - T &
(g/fk) (g/tk) (g/tk)
1 -1 5.9 -1 0.63 1 0.292
2 1 7.1 -1 0.63 -1 0.158
3 0 6.5 0 0.9  -1.6818 0.1125
4 -1 5.9 1 1.17 -1 0.158
5 1 7.1 1 1.17 1 0.292
6 0 6.5 0 0.9 1.6818  0.3375
7 -1 5.9 -1 0.63 -1 0.158
8 1 7.1 -1 0.63 1 0.292
9 0 6.5 0 0.9 0 0.225
0 -l 5.9 1 1.17 1 0.292
11 1 7.1 1 1.17 -1 0.158
12 0 6.5 0 0.9 0 0.225
13 -1.6818 55 0 0.9 0 0.225
14 16818 7.5 0 0.9 0 0.225
15 0 6.5  -1L6818 045 0 0.225
16 0 6.5 1.6818  1.35 0 0.225
17 0 6.5 0 0.9 0 0.225
18 0 6.5 0 0.9 0 0.225
19 0 6.5 0 0.9 0 0.225
20 0 6.5 0 0.9 0 0.225
21 0 6.5 0 0.9 0 0.225
22 0 6.5 0 0.9 0 0.225
23 0 6.5 0 0.9 0 0.225

FH DY 4326 v 38 43 VRIS FH T i 7 v
SE o AT PR O RO IR RE L AT T [ R
Y& H A ATAGO 23w B FHHTBAEN 5E

e i b R L5 A VR 0 b o L AR R D AR AR S
TR IS 4L A AR AT 2 1 B i 5 10 OF 2 A
AR i T AR E F AL RSB EIEE A&
S, PRI 2 3 IS o G Al 5 A 3fe L R 8K
1.818, 75 2 o] 5 P W 5 = . ATV M BUE 4 &5 = L b
2 Lt A LR & iV & i AL 43 5o 0.336.
0.229.0.184.0.140 .0.111 , ffi HL B AR 1,
1.4 HESH

K H Excel 2010 #f 17 3 fitll £ 4% 40 ## , >k H
SPSS 18.0 X & 4ls #4748 1+ A1 s 22 53 #r -

2 R L5 5H

21 AEREFEMTE.RRIER

AN [ A B 2 A 7 e RS AR A AN % 2 BT
N o ALIHS I AR, O BB 4624.55 o/t Ab
FE 1A PR AR, O 3713.75 o/fk . AL FE 10 A 4k



90 N L | = A 47%
®2 AEAREBFMRIMR
i 7 (/) V mg/(100 g)]  FIEMAE(mglg)  FIEERR (%) AIVEHEREIEY) (%) W LRSS
1 3713.75%242.73d  54.21£0.00bc  57.99+7.32def  0.39:0.00bed  5.55+0.08bede  15.07+1.60cdefg 86.63
2 4401.58£138.61ab 51.95+3.91bed  59.00+1.81cde  0.40+0.02abc 5.67+0.12abc 14.6621.01defg 87.36
3 3914.33%127.92cd  58.73%+3.91ab  54.21x0.80efg  0.39+0.00bc 5.85+0.05a 13.76+0.20fg 85.78
4 3916.26+217.66cd  58.73+3.91ab  49.58+3.33g 0.30+0.02f 5.63+0.05abed  16.56x1.50abede 82.50
5 4624.66+38537a  54.2120.00bc  50.96+2.34fg 0.36:0.02de 5.47+0.14cdeflg 14.31+0.71efg 81.27
6  4085.68+227.00bed  58.73+3.91ab  53.47+#3.26efg  0.39+0.00bc 5.53+0.08bcdef 13.57+0.83fg 83.99
7 3729.12+322.74d  49.69+391cd  63.2643.69abcd  0.39+0.00bc 5.82+0.15a 16.06+0.94abcdef 90.69
8  4542.55+151.27a  56.47+#3.91bc  64.11+5.70abcd  0.38+0.03cde  5.42+0.08defgh  17.20+2.45abcd 91.27
9 4409.02+138.56ab  53.08+1.96bc  66.27+2.79abc  0.38+0.02cde  5.40+0.30defghi 17.70+1.34ab 92.14
10 3946.24+129.33cd  63.242391a  60.44+6.54bcde  0.4120.03ab 5.73+0.05ab 14.68+1.73defg 90.62
11 4430.41%246.50ab  49.69+1.96cd  54.74%556efg  0.39+0.00bc 5.80+0.28a 13.90+1.41fg 84.39
12 4448.55+139.72ab  54.21+3.3%bc  67.70+2.88ab  0.38+0.02cde  5.32+0.26efghi 18.05+0.37a 93.05
13 3795.34x234.46d  51.95+391bed  57.30+4.27def 0.43+0.03a 5.17+0.10hi 13.36+1.74g 84.19
14 4517.412142.42ab  45.17+¢3.91d  59.99+8.62bcde  0.39+0.00bc 5.45+0.34cdefg  15.2322.19bedefy 86.07
15 4302.07+239.00abc  58.73+3.91ab  59.67+4.79cde 0.35+0.02¢ 5.18+0.12hi 17.26+2.11abc 87.78
16 4488.032277.62ab  51.95+3.91bed  59.05+4.22cde 0.35+0.02¢ 5.25+0.08ghi 17.021.19abed 86.32
17 4580.35:283.34a  54.21+0.00bc 70.05+1.37a 0.39+0.00bc 5.25+0.10ghi 17.78+0.35a 94.24
18 4471.56x248.42ab  49.69%5.18¢cd  70.60%3.38a 0.3920.00bcd 5.20+0.18hi 17.92+0.86a 93.66
19 4425.44224586ab  49.69£391cd  66.75+3.04abc  0.38+0.03cde 5.27+0.20ghi 17.86+1.35a 91.41
20 4431.73%137.07ab  54.21£0.00bc  66.72+0.44abc  0.39+0.00bc 5.30+0.28(ghi 16.94+0.11abed 92.00
21 4500.05£149.89ab  49.69+3.91cd  67.81x2.21ab  0.38+0.03cde 5.27+0.26ghi 18.161.61a 92.23
22 4536.44%285.72a  49.69+5.18cd  69.22+2.57a 0.39+0.02bcd 5.18+0.15hi 18.01+0.76a 92.73
23 4496.87+249.83ab  49.69+5.15cd  68.00+2.84ab  0.38+0.02cde 5.15+0.27i 18.13+0.54a 91.83

e ARRVING SRR 25 57 835 (P<0.05)

ECE RS, N 6324 mg/(100 g), 4034 14 By 4k
FC IR, N 45.17 mg/(100 g); 4b i 18 [ 1] %
PEBE & B e 5, N 70.60 mg/kg , A0 T 4 1% T v
K, N 49.58 mg/kg; A0 BE 13 () AT 2 R
TN 0.43%, B 5 AL B 2 FAL T 10 22 R
FAHN, B T H AR A AL B Lb B 4 5G] RE R
AR, 8 0.30% , AR T A A b B 5 kb B 3 1Y
AP B ) % 5 B, N 5.85% , AL B 23 1 AT
PEEIE )& i, 1 5.15% ; 2 B 21 B BE R 1L i
K, A 18.16, Ab 3 13 B BHIR L /1N, R 1336,
2.2 [EARBHEL

PLFE TP ) R A5 R A AR, 22
W e oA AR T R 20 EE S A
i AR S BERZ M L R Y =
4477.841+286.170X,+61.751X,+46.715X ,~
114.236X,>-29.852X,~169.521X,/~38.587X X, +
40.076X X, +12.328X,X,. K H Excel X} J5 £ JE 47 ¥
U i A= DY A TE RS Y E B $]
35, LR AS S B AU B AR B B S 2 (R G
PR RE AT T T it e . [R)BE, TR AR AU
B ES BEE H E FAn Z RL RLE  RRR  Y =

92.554-0.220X,-1.437X,+0.135X,-2.311X >~
1.632X,~2.398X,>~1.097X X,~0.406X X,+0.645X X, ,
2.3 BETFTEMERNSH
A3 56 B 1 7 i 7 5 O (AT AR R
PIAAAE RO + 857 AP B 4 B[R] 45 R it T
Y A2 B, HOH A5 IO ] 05 R B Gk K
L Ul RS A, AU B B R B = 1Y
2 EL RGN X B A A R, B A 25 A il A
e S S Tl 4 S RV 7 N o B i R L AL
] B B0, 3 A7 AE AH BLRCA RLN , B R BAR K
I o 7 ] AR AR i R (X)) VS (X)) JBE
(X, ) H 8 H A — A 4 [ 78 O A%, 15 31 A2
HAER TSR
Y,(1,2)=4477.841+286.170X,+61.751X,~
114.236X,-29.852X,-38.587X X, ,
Y,(1,3)=4477.841+286.170X,+46.715X
114.236X,>-169.521X,+40.076X X, ,
Y,(2,3)=4477.841+61.751X,+46.715X .-
29.852X,>-169.521X,>+12.328X,X,; [F] B, & ot i) &2
HAER #5358
Y,(1,2)=92.554-0.220X,~1.437X,-2.311X >~
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1.632X,>~1.097X X, ,
Y,(1,3)=92.554-0.220X,+0.135X,-2.31 1.X,—
2.398X.-0.406X,X; ,
Y,(2,3)=92.554-1.437X,+0.135X,-1.632X,—
2.398X.240.645X,X, o
X 28 B AR 7 BRAE K, 24 7 ik B bk 7 i A #
4300 ¢ L I B}, X, BL-0.4485~1.6818, X, Ht~1.5697~

4700 —— 1700 -

4500 s 4500 =
w1300 — I 2 ne A
L o0 — T 0
~ 3900 — | 3,“_900«

018 3900 -
[ I ) 8 3700 -

3500 ) ol s T § s

83000 == | e e P | ..

3100 k—" ~~c TR ] 3300 -

— e, 2 3100
N B =" 506 " F1® 16818
03606 05606 T ose06 3
16818 C -0.5606
a
NPK NPK
100
100
R
BE 90 -
4 &
bl 7
2y %
& w0 W oso
g o2
Y 6e.
0 XX 0
16818 po.8 — 16818 L6818
-0.5606 i = -0.5606 -0.5606 :
0.5606 + 0.5606 0.5606
NPK 16818 Ca NPK

1.6818, X, H -0.897~1.2333, HJl NPK . CaO . MgO
Wt S B A Bk 6.233~7.5. 0.480~1.35 .
0.165~0.307 g/t . [FIFER]F5, 24 5 B & 1o it
90 i}, X, B -1.0091~0.897, X, L ~1.6818~0.897, X,
H(-0.897~1.0091, NPK , CaO . MgO 2 YK jiti F 7 [l
43 9 A 5.900~7.033 ., 0.45~1.140, 0.165~0.293 g/tk
(E 1),

REEFS

o
P
g

o8 v/

-1.6818 16818
-0.5606 -0.5606 . -0.5606
0.5606 0.5606

16818 Mg

-1.6818

0.5606
16818 Mg Ca

B1 EFXERNSHF

24 FABRBEARRRAR

AR A AL AT BRI, 15 B A 56 45 1
T A Bk P A B 4300 g DL E RS R AT AT BE
IS (WK 3) o R 3 AT LUE ), 24 X,
0.831~1.211, X, HX -0.143~0.596, X, HL -0.120~
0.401 , HP 20 Wl 4 5 Uit JH 5 6.994~7.220 o/ Bk 45
Jiti FH 1 0.862~1.059 g/tk Ve FH 5 0.217~0.252 o/ Pk
I, AT B IR Aih B 7 Gk 4300 g DA B [RIEE,
SRAS T 0 A T 25 A 143 90 43 LA B WA R R AR

B Rt FH YO Bl (L FE 4) , X, HL-0.436~0.436, X,
B-0.921~-0.119, X, B -0.308~0.308 , BJl & W 41 BA YK
Jifi FH 5 6.241~6.759 ¢/Bk 57t FH 2 0.654~0.868 g/fk,
BT ] B 0.204~0.246 /BRI, ] BRIRAS 25543 90
3L B RS

LEA T, T MR T R IR 51 4300 g LA B R
S B ZE A VT4 3 90 43 s Y X BRU(E R —-0.436~
0.436, X, BU{H M -0.143~-0.119, X, U {H ~ -0.120~
0.308 , HJl 0 i 1 B it JH 1t O 6.241~6.759 g/ Bk

*3 BEME/KTEBIT 4300 g EZIEREN T

Atk K iy a e %
ATk -1.6818 0 0 7 0.1628 0 0
-1 0 0 7 0.1628 12 0.2791
0 10 0.2326 8 0.186 15 0.3488
1 17 0.3953 10 0.2326 13 0.3023
1.6818 16 0.3721 11 0.2558 3 0.0698
JECE- {8 1.021 0.226 0.141
PR 0.097 0.189 0.133
95% - f X 1] 0.831~1.211 -0.143~0.596 -0.120~0.401
A7 % (el k) 6.994~7.220 0.862~1.059 0.217~0.252
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R4 BHRRGATISBIOSHEARERESH

AR el % e %
KTk -1.6818 0 0 1 0.1111 0 0
-1 2 0.2222 3 0.3333 1 0.1111
0 5 0.5556 5 0.5556 7 0.7778
1 2 0.2222 0 0 1 0.1111
1.6818 0 0 0 0 0 0
JECE- {8 0 -0.52 0
PRtz 0.222 0.205 0.157
95% B X [f] -0.436~0.436 -0.921~-0.119 -0.308~0.308
P T7 % (glhk) 6.241~6.759 0.654~0.868 0.204~0.246

55 i FH 4 M 0.862~0.868 o/ ¥k , B it FH 2 0.217~
0.246 g/fk . NPK:CaO:MgO if ‘B {4 Jiti F & L 51
1:0.13:0.03,

3 i

AW H VSRR IE R KRB T b
TWREFRLE . A B3 & MR P = T
T A A, AR RS
U FE A8 BTG S5 R B o i AR it &= 5 i
PR B AR OC . B A S S I A KO .
Ca . Mg JH & 43 %1 24 990 kg/hm® ., 90.0 kg/hm® . 37.5
kg/hm’ o Hii A (A 5% 3 B, AN W) 4R 9 %8 260 66 41 1)
e R AN [R] PRI A X 4 A 4 o AN [
Jite I T % o

Kt 2 S A0SR FH“311-B7 D M R A B3, i
A7 H TR XA 5, 295 SR 3R WAS [ R 38 % 9 I ™ £
R 52 Wi A B e K, RUIB Y 22, B0 B 55 /0N 5 %) 1 IR
st Jo 9 5 ) A A fe K, BRIB IR Z , BB 80N,
B 1) B B it FH EE B 29 R 1:0.86: 0.98, A 5T
& W 6 e i 7= 1 5 ) DA R Ml i = e K L
WZ RIS 5 O 0 BT 04 52 i Sk 8 it P i A
KOVEBEH R Z B /b o BN O F 7 ik
3 43.2 kg BT ZR G AR 3 90 43 DL E B OL BT
77 5 W R B A R L 43 )R - 18.0~20.0 . 2.2~
2.6.10.6~12.6 mmol/L, i ‘E. i N : P,0,: K,0 ¥ J& [
1294 1:0.13:0.62%", AWF5E 5 FED 45 5
SEEL ) A 5 S B A [ R R = R R AR ALt
iy SN o1 D L) NI T £ = W o 1 1 B
S Rt JE B A, %o 52 i) 7 R T A T ) PR 2R A
BRSBTS VE IR L n T A A A AR
Bt T B AR .

A T AP L, AR A T A
PR A 5] 4300 g DA I, RS 25 A PE A i it

90 43~ B 1) 5 B Y it FH 2 R 0.862~0.868 g/ bk , B HL
WK it R 0.217~0.246 o/tk , L B T i ZUOHE 5
1) 5 B it FH o 4, X RT RB O R TR VB S TR b
4 7= 5 R TS A T AR BIF 5% 245 SR O 7E e b e
F7 R g BT A9 B A0 85 B e FH i, HL il R
T2 50 b X | A 8 S5 Hb A [R] A 25 e TR Y FH
M EARR PR IR B 4300 g DL b SRS R ZES VT
S1 I 90 3 sf 1) U SR B Vit FH R 6.241~6.759
o/ Bk, 55 Jiti FH 5l 0.862~0.868 g/tk , K it FH & N
0.217~0.246 g/¥k . NPK: CaO: MgO & ‘B Y Jiti JH &+
Fe 4 1:0.13:0.03
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