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Study on physical and chemical characteristics of compound substrate
and effects on the growth of tomato seedling

WANG Peng-bo, LI Jian-ming, DING Juan-juan, LIU Guo-ying, DU Qing-jie, PAN Tong-hua, CHANG Yi-bo
( College of Horticulture , Northwest A&F University , Key Laboratory of Protected Horticulture Engineering
in Northwest China, Yangling, Shaanxi 712100, China)

Abstract: Spent mushroom compost, cow dung and perlite were composed to five kinds of compound substrate, tak-
ing internationally best formula substrate (peat: perlite =2:1) as CK and tomato c¢v. Xinong No.2011 as the test plant,
the physical and chemical characteristics of compound substrate and growth of tomato seedling were investigated and the
physical and chemical characteristics of substrate and seedling index of tomato was carried out path analysis and multiple
regression analysis, moreover, we optimized the formula that was preliminary screened by test. This study indicated that
the morphological trait, dry matter, root-shoot ratio and seedling index of optimizing formulating( spent mush: cow dung:
perlite=3:3:4) are significantly higher than CK and preliminary optimum formula; the main factors of affecting the
seedling index of tomato seedling were bulk density, total porosity, aeration porosity and water holding capacity, the di-
rect path coefficient of aeration porosity on tomato seedling is 2.2992, and influence of other factors on seedling index
was negative. Incresing aeration porosity of compound substrate and decreasing bulk density, total porosity and water
holding capacity are benefit the breeding of healthy tomato seedling. In order to produce good seedlings we can increase
the dosage of cow dung and decrease the dosage of mushroom compost in this study.

Keywords: spent mushroom compost; physical and chemical characteristics; seedling substrate; path analysis
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Table 1  Physical and chemical characteristics of basic substrate

- K SALEBEE AL FEKALE Rk EC 42N &P 4K

Materisls DB TP AP WRP WHC ooy W TP TK
arena grem™) /% /% /% /% poem /% /% /%

BB Peat 0.42 95.63 41.63 54.99 29.02  5.15 547 1.43 0.22 0.91
#E# Mushroom compost  0.45 87.23 20.91 66.22 26.66  7.56 3687 3.17 1.33 2.22
43 Cow dung 0.40 60.65 27.12 32.80 16738 6.91 7870 6.32 2.76 2.31
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W2 H5 T1 A T2 A FE 2 (8] 1 6 2 25 55 CK Y
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Table 2 Physical and chemical characteristics of compound substrate

e A SALBRE AL FEARALBR K1 EC
Treatment BD . TP AP WRP AP/WRP pH /(8- em- n
/(grem™) /% /% /% /%
T1 0.28a 81.09b 29.44a 51.65b 287.09¢ 6.10c 4287a
T2 0.24bc 76.86bc 28.73a 48.13be 299.60c 6.26b 2713b
T3 0.25ab 65.42d 23.19b 42.56¢ 269.92¢ 6.07c 3137b
T4 0.25ab 63.60d 20.70be 42.90c 273.07c 6.14bc 4327a
T5 0.23bc 89.02a 23.32b 65.70a 388.00a 6.56a 2727b
CK 0.22¢ 72.11c 18.45¢ 53.65b 347.71b 5.63d 336¢

T [AFAS IR FBERoR 0.05 AKT-BY 28 5 52385 I,

Note: Values followed by different small letters in the same column mean significantly different at P =0.05; The same below.
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Fig.1 Effect of compound substrate on plant height
222 AAARNERDGREABSOm H
KIMUAEE, CK AR ABKEREK, N
461.994 cm, 43 B LLALBE TS 5 T3 & T 1.8% Fl
2.3% AHEMIZEFFIC R #E 25, T4, T2 F1 T1 AL
B 2R B B IK T CK; CK AR PR AR R R m AL
HE AR5 THI R AR R AT K, T3 A1 TS b Bk 2,

H=FZ T8 255, T AL B A AR 25 2 18 AL
AP AR R BN, B E T CKGfH
PR A BE 0 T 4l T AR 2R -2 ELAR (A 5 e G S 3
PEZE S, TS A B -3 AR fe =i 0 0..445 mm, 43 5]
Fo CK T3 A FEE T 1.19%H14.0% ; 48 Ah B T il
LHF- IR IER B R E /N HEF IR AR A CK >
T5>T4 > T2 > T3 > T1, HHr CK Ab AV PR R %k
2R 110 4>, 83w T HAAL L, T5 . 14,12 DL
T3 AP Z ] 22 A0 3

5.0

T
8} -~
(=] (=]

25K /em
tem diamete

S
- o
o o

e
=

T1 T2 T3

B2 SEERMEMYEEHENZIG

Fig.2  Effect of compound substrate on stem diameter
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Table 3  Effect of compound substrate on root morphological trait of tomato seedling

Sb P B /em MR AR LR/ en? HRAZ BT en? HRAAFL/ end® P EAE/mm AR
Treatment Root length Root surface area Root projection area Root volume Average diameter Root tips
Tl 290.973¢ 34.184b 10.714b 0.288b 0.378a 463c
T2 298.441c¢ 39.626b 14.735ab 0.519ab 0.437a 502be
T3 451.660ab 63.565a 20.234a 0.679a 0.428a 483be
T4 366.925be 48.076ab 16.637a 0.508ab 0.419a 519be
T5 453.8%4ab 58.840a 20.063a 0.657a 0.445a 555b
CK 461.994a 64.108a 20.406a 0.716a 0.440a 710a
F4 EREFRMBEMHETYRRE L UM EIEHHIZ T
Table 4  Effect of compound substrate on dry mass and root — shoot ratio and seedling index
Jb BT/ T /g T H/g HE L MINTE R
Treatment Dry mass of shoot Dry mass of root Dry mass of plant Root-shoot ratio Seedling index
Tl 0.345h 0.043b 0.388h 0.126b 0.123b
T2 0.393ab 0.058ab 0.451ab 0.146ab 0.178ab
T3 0.509a 0.079a 0.588a 0.156ab 0.211a
T4 0.347h 0.062ab 0.409ab 0.178a 0.163ab
T5 0.424ab 0.075a 0.500ab 0.179a 0.200a
CK 0.434ab 0.078a 0.512ab 0.181a 0.198ab

T R ECY = CERL/BR S + T T/ LT E) x 2T

Note: Seedling index "’

2.4 EEERMNBEAUERETERHENSTEA
SHABERES
IR AR A T (X1) SLBRE (X2) 8
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BRI B 48 5 (V) A R AR i, 3R 7 2 0%
LA G EREEIEVE iy
Y = 1. 763751654 — 2. TI4705%45 X 1 — 0. 0026427206721 X2
+0. 017061715581 X3 — 0. 004026114521 X5( R? = 0. 9409,

calculate as: (Stem diameter/ Plant height + Dry mass of root/ Dry mass of shoot ) * Dry mass of plant.

Durbin — Watson Z 118 d = 2.23492654) . ARBF5HE
w2 A0 L ilE- 3 b s LR R T i
MG BT AT B 25 3 0T LU (R 5), X1, X2,
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Table 5 Path analysis of physical and chemical characteristics of compound substrate on seedling index

ERN HEEH [E]4E T Indirect effect
Character Direct effect X1—>Y X2—>Y X3—>Y X5->Y
X1 -1.7782 0.0308 1.5033 —-0.5516
X2 -0.7902 0.0694 1.0251 —-0.4504
X3 2.2992 -1.1627 -0.3523 —-1.3561
X5 —-1.5948 -0.6150 -0.2232 1.9552
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Table 6  Effect of compound substrate from optimizing formulation on tomato seedling

pUBL B/ cm ZEM/mm Mo b/ g T H/g kT /g e AL A
Treatment Plant height Stem diameter Dry mass of shoot ~ Dry mass of root Dry mass of plant Root-shoot ratio  Seedling index
Y1 24.10a 4.75a 0.598a 0.110a 0.708a 0.184a 0.270a
Y2 22.93b 4.06a 0.436b 0.089a 0.525b 0.203a 0.198b
T3 21.86b 4.41a 0.511b 0.089a 0.600b 0.176a 0.226ab
3 9 i I BRAIRR i A 25RO AR B] T3, CK LK T1 1Y
> B
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