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D-optimal Mixture Design Optimizes Volvariella volvacea Residue Compound Matrix Formula

for Cucumber Cultivation
WANG Tao, LEI Jingui, HUANG Yuyan, CHEN Yongkuai”, LIAO Shuilan
(Agricultural Digital Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China)

Abstract: Using the D-optimal mixture design method, taking the agronomic properties, fruit quality and yield of cucumber
plants as evaluation indicators, the effects of different ratios of Volvariella volvacea residue, peat and perlite on cucumber
cultivation were explored, the regression model between the ratio of each substrate and the response value was established, and
the effects of the interaction of each substrate in the formula on the response value of cucumber were investigated. The test results
show that Volvariella volvacea residue is rich in nutrients, but electrical conductivity (EC) and the potential of hydrogen (pH) are
higher. The peat is acidic, has strong water retention and air permeability, can lower pH, and perlite has strong water absorption
and air permeability. EC and pH of the matrix compounded with peat and perlite are lower, while EC and pH of the compound
matrix containing Volvariella volvacea residue are increased with the increase of the added amount of Volvariella volvacea
residue. The final optimized substrate ratio is Volvariella volvacea residue 32.02%, peat 60.00% and perlite 7.98%. It has been
verified that, compared with peat, plant height, stem diameter, vitamin C and soluble sugar contents and yield per plant are
350.00 cm, 11.74 mm and 101.01 mg/kg 1.313%, 2 123.33 g for the optimized formula, increased by 20.69%, 1.73%, 12.79%,
14.79% and 41.56%, respectively, while nitrate content is 351.04 mg/kg, reduced by 14.66%, and production cost is reduced by
about 33%. This study shows that optimizing Volvariella volvacea residue composite substrate through the mixture design can
solve the problems of high EC and pH in a single substrate, and the cultivation effect is better, thus, applying Volvariella volvacea

residue in soilless cultivation of cucumbers is completely feasible.
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Table 1 Physiochemical properties of matrix materials

BB R R + £ (g/em? BALBEE (%)  ESALBE(%)  FEKILBREE (%) pH EC(mS/cm)
FLEE T 0.36 73.27 3.05 70.22 10.34 7.98
R 0.11 83.99 3.39 80.61 0.51 5.39
BIRE 0.07 60.05 23.03 37.02 0.13 6.97
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0~50%, BRI 16 MARFRBA A BT,
W 5 ANELZAEGE T, &1 11 DRGSR T,
TR 2,

ARSI T . HRFEFES RIS 5 H 13 H,
KH S4ecm x 28cm x 4em 1Y 72 FLAEEE 1 o 4%
RRIEFORBCRT RIS 6 H 2 B, B rghghd | Hok58
A IARTR Ll (v ) BCRUE A 2GR 2), R
W EE BB AE SRR N, B IR R R B AR
25 emo ARIEHOO I TR VER 3 h, YEREH
## EC<1.50 mS/cm, #JIVEHME A 6 H 3 H . il

http://soils.issas.ac.cn



55 4 31 T W% D-EUIRAIO U o gl i 52 A

T B B TR G I 725

2 RPHEITR®%)

Table 2  Mixing design table
e 7 4 A HhEE B: Hijk C: BIRA
1 50.00 25.00 25.00
2 0.00 50.00 50.00
3 20.00 60.00 20.00
4 14.00 49.50 36.50
5 50.00 0.00 50.00
6 36.50 49.50 14.00
7 39.00 22.00 39.00
8 50.00 50.00 0.00
9 28.00 44.00 28.00
10 16.66 36.67 46.67
11 25.00 25.00 50.00
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HIAIEE 1.25 mo il i [ K — ik R Gk 178
FRWE I SHHERE, TR R AR T 8:00 i 11:00,
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BT« B AR A R B, Hp R A
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6.40 kg, H3;BO; 91.52 g, MnSO, 51.66 g, ZnSO,
7.00 g, CuS0O,42.56 g, (NH;)sMo0,0,4 + 4H,0 0.64 g;
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Table 3 Physiochemical properties of different matrix ratios
(eI R T45 5 (g/em’) SALBLEE (%) LB (%) FEKALBRE (%) pH EC(mS/cm)
1 0.24+£0.02a 62.53 £ 1.28 ef 7.20+£0.23 cd 5532+ 1.11d 7.35+£0.07b 5.06+0.15b
2 0.09+0.01g 73.17+£2.78 a 12.02+1.22b 61.15+ 1.40 ab 5.59+0.05¢ 0.33+£0.02 h
3 0.16 £0.0l e 69.08 £ 2.16 be 6.43+£1.32cd 62.65+1.38a 6.92+0.03f 3.62+0.13 de
4 0.14£0.01 ef 66.10 + 1.62 cde 6.63 £0.67 cd 59.47 +1.10 be 6.94+0.07 f 297+045¢g
5 0.21+0.02 be 59.69+147f 585+0.73d 53.84+£0.99 de 7.61+£0.02a 5.61+020a
6 0.23£0.01 ab 64.59 +3.28 de 5.88+£1.08d 58.71+0.17 ¢ 7.29 £ 0.04 be 3.81+0.16d
7 0.19+£0.01 cd 67.32+3.05 cd 13.89+1.14a 53.43 £2.05de 7.30 £ 0.07 be 437+0.16 ¢
8 0.24+0.0l a 60.44 £ 0.66 7.71 £0.53¢ 5273+ 1.24¢ 7.17£0.14 de 3.86+0.29d
9 0.20 £ 0.00 cd 68.70 £2.20 be 6.62+1.09 cd 62.08+1.77 a 7.07+£0.02¢ 3.38+0.11 ef
10 0.13+£0.01 f 71.65+2.41 ab 12.25+0.60 b 59.40 £ 0.77 be 6.94+£0.03 f 3.06+0.17 fg
11 0.18+0.01d 66.72 + 1.72 cd 7.56£0.17 cd 59.16 £ 1.11 be 7.22+£0.08 cd 438+0.25¢
TE: RZVER G AR NG Fa 378 & L 7 ) 22 57 . 3% (P<0.05), Rl
x4 BALTHBER
Table 4 Results of mixture design experiment
fic )7 4w 5 Pk (cm) Z£H (mm) et C(mg/kg)  AIEMER(%) TR (mg/kg) PR ()
1 316.00 £ 10.00 cde  11.31£0.49abcd  100.09+0.43bc  0.95+0.02 efg 45843 +£10.06c 2 140.97 +494.79 abc
2 267.00 = 10.00 hi 1229+1.12a 9591+ 1.68bc  1.05+0.02 cdef  498.18+2.79b 1 821.80 +316.25 bed
3 332.00 £ 10.00 be 11.86 + 0.20 abc 81.93+1.85de  1.02+0.03 cdef  402.51 +2.84 ef 2 377.00 = 83.91 ab
4 330.67 £11.02 be 10.76 £ 0.73 cde 93.48 +9.42 cde 1.15£0.10 abc 512.73£13.30a 2 334.10 £236.00 ab
5 291.00 + 5.00 fg 11.73 £ 0.22 abcd 100.39 £2.00 be 1.11 £ 0.00 bed 326.79 £10.02 j 1 825.97 £ 100.14 bed
6 324.33 + 14.57 bed 10.56 £ 0.91 de 108.69 +5.22 b 0.93 +£0.07 fg 381.93 +£5.30 hi 2 343.90 +350.18 ab
7 328.67+25.03bcd  11.81£0.11 abc 81.83 £8.08 de 0.88+£0.09g  399.31+1091efg 2200.53 +457.12 ab
8 353.00 = 10.00 a 11.47 £0.13 abed 97.44 £2.40 be 1.27+£0.00 a 385.41+£6.13 gh 1527.43+£201.76 d
9 308.00 = 8.89 defg  11.14 £0.85 abcde  95.18 £6.38 bcd  1.01 £0.19 def  392.37 +7.90 fgh 2527.35+446.86 a
10 289.67 £ 18.23 fg 11.06 + 0.87 bede 140.61 £21.10 a 1.11£0.09 bcd 50547 +10.18ab 2 182.37 +512.18 abc
11 300.33 £4.73 efg 10.01 £0.90 ¢ 90.37 £10.88 cde  1.11 +0.10 bed 407.59+12.84e 2 123.67 £ 186.93 abed
x5 HigRHEYFERE
Table 5 Regression model of each index
fabr MR iy A2 P R
e
MRE st Y,=281.80A+290.79B+356.32C 0.001 7 0.6259
2 Rk Y,=14.04A+11.60B+11.57C-10.32AB-3.52AC-2.34BC-51.01A’BC+138.87AB’C-43.59ABC’ 0.005 0 0.908 4
MK
e 1) Y3=—144.87A+102.01B+248.73C+584.60AB+118.02AC-393.26BC-149.52ABC+1254.47AB(A-B)- 0.0002 0.979 4
#C 176.93AC (A-C)+764.77BC(B-C)
VA Bk Ya=1.03A+1.10B+1.47C+0.11AB-0.87AC-1.30BC+19.79A’BC-9.85AB’C-12.15ABC” 0.0004 0.958 5
A ak
TR Kk Y5=496.59A+315.21B+307.20C+131.50AB-57.79AC+555.06BC+6449.92A’BC-2647.10AB*C-5285.20ABC> 0.003 7 0.916 4
i}k
BaRk ARk Y=1523.34A+1841.15B+1048.91C+1766.76 AB+4364.77AC+2662.39BC-902.93A’BC-9182.97AB*C+ <0.000 1 0.996 3
peg oy 11424.04ABC?

HE% 5 AT, X FARE e bR, W52 P<0.01,
FWZAR IR B2, 03 2% R7=0.625 9, PiIARkR
AR S A 62.59% 2l REA, B, O5l&Em., [H

R A AR R K, emiss F AR X6 R Y T
BRFERE . thBk s r R A, AR & R A KB/ MK
KN Kc(356.32)>K5(290.79)>KA(281.80), & HH 4% 3k
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Fig. 1 Contour plot and response surface plot of effects of different substrate ratios on plant height of cucumber
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Fig. 2 Contour plot and response surface plot of effects of different substrate ratios on stem diameter of cucumber
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Fig. 3 Contour plot and response surface plot of effects of different matrix ratios on vitamin C content of cucumber
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Fig. 4 Contour plot and response surface plot of effects of different matrix ratios on soluble sugar content of cucumber
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Fig. 5 Contour plot and response surface plot of effects of different substrate ratios on nitrate content of cucumber
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Fig. 6 Contour plot and response surface plot of effects of different substrate ratios on yield of cucumber
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B, e L A, SO = Z MR EAR A, L BEAE] 50% W, ROk SBEHCA AR R RS
W, RGN RR A S A R TREGE RS AR R C o

BIS  ER MBS EHAAN, a2k 2.3.4  AFEHEBEC HO0 Al i v m & 5 i 2 i
AR LR, TERORESIREDAL , s R4 aTH, 8 Sy BN AlE T & i, 545
PUERTAR , WIREE AR R, i b By 2 m AR, SHRRTERDE: 7 50w
TR, ZEHA R JNATE RS B RAIK, 515 .6 ST LR &2,
233 ARZEFECH4EAER ¢ SR o SHRETEFEE. WK 4 Fos, 3 FEERE R
FAFH, 10 SETEMGEER C Sifm, SH XFAEEHES R WS REIHRIE, =&
RETAAEREEZES, 3 S ER C & BEAEMBE, HrhRE RS RS 15 5 AR &Y
Al WA 3 Fi7R, 3 MEERRAC IO EAE R C S8R B MR EERINERERE 40% 74, AR S
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{H; 2, BEERREME R, BEA I
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2.3.5 A[FZEFEC O AR ER SR A R 4
GERERW, 45 10 ST NAHIRER S 8GR, —
FHREFARE; 6 SHCBNAERREL & Rk, S
RECTAFAE A TEZE R WK 5 B, 3 FhERTC L
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HA WA EAE A, R SRR E s HARH]
WL R T HA WA, A 4R A R ER 5 . AR ER
R R A SR D, ROk BECA SR
SEITIE I, o 17 gt v S T b AROR, AR

i KRME.
2.3.6  AN[EIFE T AD B BARR 7 Y S ) PARR

T RGEE HERW, 9 Sy N
F . 8 S HL T AR i R K. il 6 B, 3 Fh
FE R Ho X Bk SR B S R A R, R =
H 2 A HAE AR g il R HOY, i =
[ HAT — s BEAER . B 6 dnl i, (FEmishik
JRECLURT, Bk BN MR s SRR AL
YRR AT 5 2 P Bk o, BRRR ™ B A R 1 T
FLRUN IR AL, BERA I INE A g m, >4
TR (RR B HCE BN IN R 53 A R 28% .44%

28%HF, FRERARAAE; YEaE e . ER NIk
S, BERA TR ARSI, o IR,
2.4 EREH AL R

R [ U9 5 R 53 A 15 45 8 b 1) 309 B i 7 {1, 141
YA R C R TIPS R R R A A ik
PR KM, fSIRER & bl B/ IME, #R . M7
B, AR 3 AT By 1
HEEGER 32.02%, Hk 60.00%, BEE 7.98%; I
J7 2 HgE T 50.00%, Fk 4.96% , B 45.04%;
Bor 3. WERELEWE 17.27%, Hk 32.73%, 2R
50.00%. AT SR AT, WA 1, 255
PR, By 1 IER(ESh 0.75, & TRCJy 2 R )y
3, BCECT 1 N ERARED T .

XS ENY 3 AU 7 AT I UE RS , DA A
JXR, ZEARILER 6. 3 ALY A T i S DUE
o T INAE, ZR SN S T 22 S8/ 3 AV
AR R C SRS IEZE REK, E
PERE S i 5 BONME 22 SN B 1 NG DT 2 5 IR
MRk O 5 5 OB 25 S0/, B 3 v RS IR R 7 i
SR 2 SR B 1 RIS Y 3 Rk R S
T 22 S5/ IN, e 7 2 8 BB ™ it 55 T 22 5%
B Bl 1 Nk . M. 4iER C gra, 1)
TP S AR R T IR R ER S RN T
XTRE, TECTT 2 By 3 BREEM B/ N TR R,
AR 1 BN HR S o

F6 MUEAIIEREER

Table 6 Verification test results of optimized formula

21 53] 75 (cm) 254 (mm) Yir: Z C(mglkg) A PERE (%) fili AR Eh (mg/kg) HbR 5 (g)
WO SCOUME O BOWE OSSO WINME SCOUME WO SCONME PO SCDIME WO SCDME
By 1 333.99  350.00  11.57 11.74 17045  101.01 1.16 131 351.83  351.04 2107.17 2123.33
fid2 29621 31333 11.42 1124 13285 10649  1.03 121 356.64 357.46 1977.56 1766.67
Bty 3 285.89  305.00  10.37 1075 140.61 11247 1.09 121 44677  404.45 2105.77 2096.67
it e 290.00 - 11.54 - 89.55 - 1.14 - 411.34 - 1500.00

W — FORXT HELR 6 JC T
3 ihie

3.1 ERBAMER

B LR A AP IRRT R AR K R B T E 5 b
B S EERSE I, T E A AR AT, BRT
SRR EEARARSL, 8 AR ) A K B R P
FOARPRIREE O F 35 0 P 45 b 3 B DAL T
RE ., BALBRE . FPKILERE . mAALBE . BC.
pH Ry P, KRB R, TR EE AT
EC {E i = 1Y )8, 5 G AR B, R 52 %k

FEBCAETT EC RN, Fakahik 55K . BIE
LAY L EC (HY# 3T 2.50 mS/em, PRI i8R £
FICR T K T, DA BEC (H, #kf s
JNBEAR . ARG AE LRI, B Bk v FH s,
pH Ml EC HiZxA T, wiME®ED A FEENER
A R i3 B3R 43, 1T B i M TR AR 1 s rh B R
L E TR AR TP A v e i
FE T A R B 32.02% . Bk 60.00% . BEkA
7.98%, MAFLBEHAEN 0.16 gem’, BFLBAE
} 68.20%, EC N 1.87 mS/em, pH N 7.27, %I

http://soils.issas.ac.cn



55 4 31 T W% D-EUIRAIO U o gl i 52 A

RIS e i 731

FEbR IS A BN A K
32 MUBEAMERKZER. RERKRMN==E

g

P R SE IS HR bR T DA B0 b Sz AR Ak 1) A
AL o AT, 7 08 e TR R e %o B T e ok
BIRE I S5, R ) e TR R ZE R A iR A, et
fic 7 B E A5 2 A Bk 55 o 350.00 em, 25414 11.74 mm,
i T B g, BRI LT IE A EUAE R, X5 H
BRI SR PR IS R AR, B
B R LB IE 40%, #NK 3E0 4

Yo R C T T R NE O i i R S 5 T
MR R EP ANER LR o R A B R A R — A
HEFEAR, WRREE & /N T 432 mg/kg, MTLAE L4
B AR, BARE T BIE SRR R C &
K 101.01 mg/kg, @ FXIRE L 12.79%; A #H
FES N 1.31%, XIS 14.79%; fEfRER & 58
351.04 mg/kg, HEXFHRAR 14.66%; 1 IH % i fef FH L 491
H32.02%, SEK. BHRAIRE, BEARMGERR
MRRAEMEIR , B R EURA SR, X5 E G ET RS
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