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Abstract: In order to promote the recycling of yellow phosphorus residue waste resources, and save the cost of coconut
bran substrate, In this experiment, tomato was used as the test material, through four factor(coarse yellow phosphorus residue,
fine yellow phosphorus residue, coconut bran, phosphogypsum) and three level design 1.9(3") orthogonal experiment, the effect
of composite substrates composed of different volume proportions on tomato growth was explored, and a multiple regression
mathematical model of total biomass(root+plant+fruit) and four factors during tomato seedling pulling period was established ,
and the best formula for planting tomato with yellow phosphorus slag as the main composite substrate was screened out. The
results showed that each level of the four factors had a significant impact on the total biomass of tomato(root+plant—+fruit), and
the order of the impact was coconut bran™>phosphogypsum=coarse yellow phosphorus residue>fine yellow phosphorus residue.
Variance analysis and range analysis showed that the test error was small and the results were reliable. The results of multiple
regression analysis showed that the optimal substrate combination formula was coarse yellow phosphorus residue, fine yellow
phosphorus residue, coconut bran, and phosphogypsum, with the volume ratios of 0.43, 0.27, 0.14, and 0.16 respectively.
Under this condition, the total biomass of tomato could reach 1 420 g per plant. The yellow phosphorus residue substrate is
convenient to obtain and low in cost. Cultivation of tomato with the combination of yellow phosphorus residue, coconut bran,
and phosphogypsum in a suitable proportion can be popularized and applied in soilless substrate cultivation, and effectively solve
the problem of high ecological environment risk of yellow phosphorus residue.
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Tab.1 Orthogonal test design table

KR 2B (A)

AR B (B)

b W (0 e g
H5 ALH Coarse yellow phosphorus  Fine yellow phosphorus . HEER(C) AR (D)
Treatment . . Coconut bran Phosphogypsum
residue residue
T1 A1B3C3D1 0.3 0.5 0.2 0
T2 A1B3C2D2 0.3 0.5 0.1 0.1
T3 A1B2C2D3 0.3 0.4 0.1 0.2
T4 A2B2C3D3 0.4 0.4 0.2 0.2
T5 A2B1C3D2 0.4 0.3 0.2 0.1
T6 A2B2C1D3 0.4 0.4 0 0.2
T7 A3B3C1D1 0.5 0.5 0 0
T8 A3B1C1D2 0.5 0.3 0 0.1
T9 A3B1C2D1 0.5 0.3 0.1 0
®2 AELHIESERNEMENLER
Tab.2 Basic physical and chemical properties of composite substrates with different proportions
. ‘ . FH [ 5K /9 : - FH A 5 7K 1/
W/ (g/em’) LB/ RPKR/Z WE T/ (g/em®) LB y  RPKR/G
. . Field water hold pH . . Field water hold pH
Treatment  Bulk density Porosity . . Treatment  Bulk density Porosity . .
ing capacity ing capacity
T1 1.46 45.98 15.43 7.41 T6 1.33 50.26 18.07 7.54
T2 1.54 45.24 15.79 8.53 T7 1.32 59.03 20.34 8.79
T3 1.59 43.01 12.98 8.72 T8 1.58 45.11 18.98 7.45
T4 1.71 40.31 14.61 7.53 T9 1.63 41.95 13.61 8.26
TS 1.56 44.73 17.14 7.81
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12.3%~75.2%
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Tab.3 Effect of compound substrate on tomato growth

48] b RERREE TR/ (g/ B R /em MR BT/ (g/BR) AREK/m MR R /cm® HARFL/cm?
Stage Treatment Plant fresh weight Plant height Root fresh weight ~ Total root length  Root surface area ~ Root volume
i T1 15.541.11 38.242.1de 4.840.2cd 19.740.8be 256.1423.8de 2.840.4bc
Seedling T2 18.4:£2.2de 43.341.5bc 5.140.2¢ 18.9+£0.3¢ 253.4-£7.8de 2.840.2bc
ke T3 20.241.2d 38.043.1de 6.040.1b 19.1+12.4c 283.4412.7cd 3.440.7bc
T4 33.94-0.8a 52.141.1a 7.1%0.3a 33.743.4a 448.7+5.6a 4.540.1a
T5 23.54+1.3c 41.742.1cd 6.24-0.3b 27.842.7h 333.3%+13.7bed 3.140.2bc
T6 34.440.7a 46.3%+0.6a 7.340.5a 30.744.1a 372.4425.7a 3.940.3a
T7 26.4+1.1b 41.3+3.5cd 5.340.1c 28.94-2.8a 332.34+24.3bed 3.040.2bc
T8 15.740.4ef 34.341.5¢ 4.440.3d 12.4+12.1c 199.1416.5¢ 2.340.3¢
T9 23.34+2.5¢ 41.0+1.1cd 6.24-0.2b 26.2415.5ab  288.3+15.2cd 3.340.3bc
FFHRY T1 501.7430.3cd 101.044.0bcd 34.543.1g 247.249.8bc  3273.54+162.7cd  35.4+1.0b
Bllo[on?i?g T2 656.1-20.5b 101.2+2.5¢d 89.445.1d 220.64+71.3c  3810.1486.9bed  37.141.7b
an(Slre:glemg T3 198.140.6f 103.3222.5h¢ 52.145.9f 376.7+30.6d  1297.54+431.1f 18.38.9¢
T4 442.6+£68.9cde  105.341.5bc 156.6410.7a 364.4458.7bc  4614.64984.2b 46.8417.0b
T5 459.2437.6cde  105.041.0bc 96.346.3cd 292.2424.1bc  3878.84352.7bcd  41.14+4.4b
T6 785.5+14.7a 108.341.5a 104.644.3¢ 578.9478.7a  7222.24972.3a 63.445.2a
T7 560.5+54.6bc 86.341.1f 65.743.0¢ 288.9452.3bc  3602.14555.5bcd  37.244.5b
T8 334.9439.2¢ 97.042.0d 70.345.1¢ 231.14£16.7b  3160.3+432.2d 35.34:10.0b
T9 422.4+15.6de 102.343.0bc 130.945.2b 403.3438.9bc  5704.24721.5bc  61.4+17.8b

VARG F 1R RAE P<<0.05KF 2R B, £4.50H.

Note: Different lowercase letters in each column indicated significant differences(P<20.05). The same as Tab.4, 5.
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Tab.4 Effects of compound substrate on nutrient
carrying—out and fruit yield of tomato in
the whole growth period

AL FEy il R/ (g/#k)  Nutrient carrying-out Fri/

Treat- (kg/t%)
ment N P K Yield
T1 66.4+15.8cd 21.849.4df 79.56+18.6bc 40.9+1.8ef
T2 97.97£20.4b 24.7%6.4cd 100.64+30.6b  51.94£5.7bc
T3 99.6+1.7b  27.840.3bc 93.944.1b 52.5+4.1b
T4 98.6+8.1b  25.3+2.3cd 96.3+£7.6b  48.3645.3cd
TS 70.1+7.1c 20.1£3.6df 85.149.0bc  44.6+3.1de
T6 95.3+12.6b 22.342.5cdl 99.74+29.9b 53.8+5.8b
T7 56.7+9.3d 18.9+2.91 65.4+22.1c  39.943.1f
T8 128.2%1.4a 37.6+6.8a 134.94£13.3a  57.14+3.9a
T9 106.7+1.2b  32.3£3.7ab 96.94+10.8b 46.44+5.1d

FH 2 4.5 A L, 78 R U, T8 Ab B (1) 8 55 40 Wz
e & (N+P+K) 8 HAb 43 (T1. T2, T3.T4.T5.

T6.T7.T9) % il & 5 79.2% .35.2% .36.8% .
37.9% .73.8% .40.7% .117.5% .30.8% (P<C0.05) ;
IR F R A M A B (T1, T2, T3, T4, T5,
T6.T7. T/ E 4 T 109.2%6.70.0%.59.4 %
63.6% .101.4% .63.0% .148.3% .46.4 % (P<<0.05) ,
T8 &b B f A7 | F 42 3 F i ) 7 ik, B0 — B A
FET(T7 b3 1 2 45 43.1 % (P<<0.05) .

x5
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Tab.5 Effect of compound substrate cultivation on
nutrient utilization rate of tomato in the
whole growth period

b 7 F2 M HZ /% Nutrient utilization rate
Treatment N P N
T1 39.6445.66¢d 43.764+11.39df  43.75+6.14bc
T2 57.2044.52b 44.7543.01cdf  54.77+£9.88b
T3 59.40+0.61b 55.84+0.38bc 51.6121.33b
T4 58.852.90b 50.82£2.80cd 52.92+£2.50b
T5 45.40£2.52¢ 39.89+4.29df 46.79£2.97bc
T6 58.36£7.29b 49.4947.69cd 55.3210.09b
T7 33.82£3.33d 37.09+£3.56f 36.24+7.28¢
T8 76.4840.51a 75.41+8.12a 74.1244.38a
T9 63.65+0.43b 64.78+4.41ab 53.24+3.56b
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Tab.6 Range analysis of tomato total biomass under different proportions of compound substrate cultivation

Tresmen A b c b oo

T1 1 2 1 3 505.32

T2 1 1 3 2 881.66

T3 1 3 2 1 954.05

T4 2 3 1 2 1349.19

TS5 2 1 2 3 1064.62

T6 2 2 3 1 564.32

T7 3 1 1 1 781.98

T8 3 3 3 3 1034.89

T9 3 2 2 2 811.21

k1 780.3 963.1 617.2 793.7

k2 992.7 909.4 1014.0 827.0

k3 876.0 776.5 1017.9 1028.4

R 212.4 186.6 400.6 234.7

P2 E W B C>D>A>B
Analysis of primary and
secondary factors
. - . B SR R AT — 1 2 R AR P AE AT

A

03 04 0503 04 050 0.1 020 0.1 02
Bl 4FERERNERMKXRAME
Fig.1 Main effect relationship curve of
four substrate factors
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Tab.7 Analysis of variance of tomato total biomass
under different proportions of composite
substrate cultivation

iy 2
wamz  HEE g gy BER
Degree of . Signific
Influence factor Man square  F value
freedom ance
A 2 67 868 4.3 *
B 2 55 369 3.5 *
C 2 318 000 4.7 *
D 2 96 765 6.6 *
"% Error 0 3.780
4t Total 8 538 005.780
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3 B W ORI FH A S R T Y R R TR
AR B £ F, T8 b B A 8 % 43 (N+P+K) Tl
W g A AL FE(T1 ., T2, T3, T4, T5.T6.T7.T9)
gy ) W B 79.2% . 35.2% . 36.8% . 37.9% .
73.8% .40.7% .117.5% . 30.8% ; & 3% 4 (N+P+
K) R R 5 Hofth 4b B (T1.T2.T3.T4.T5.T6.
T7.79) 250 8 24 & T 109.2% .70.0% .59.4% .
63.6% .101.4% .63.0% .148.3% .46.4% . 3% ] fig
SR Ok T8 Ak B 25 T AL BRJE | A] 457K & A1 pH
SERARAE B T A 5 A BT, AR T A AR R X
IR 4y 0 MR L AR E e IR S R LA
FI B4 7= B ROR . T8 Ab B A5 A T 4R i 7 0 A A
WP — A N (T7 &3 ) B FiR e
43.1%.
3.3 4YEXAE 68 & H B AR K E L

T = S AR R A KR O R AR Bk 5 4
B UIHE G, T A 0 B A A o OB R+ AR+ SRS
CINER VISR I DR A O =1 (A N1 S WL < U
R FMOEAREY AR EES LN
AR SR & Ak T b A — 3 5 () 21 AR I By i 2 B
3k ok B A T R K 25 5 O T R A
7R AR TR R Z M 32 BAE 3 — 20 X IE 2
RN O S BSNA St 7/ R R EE S = VAN MG B b = T3
BT EAR TA MR A Y o fe e B2 B fE
(52 6 B 0T, ORELIR S W L IR W AR A
AEFERBE 98 0.43:0.27:0.14:0.16 If , 7 il
SAEYRTTAE] 1 420.22 g/ .
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