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Effect of Corn Stalk Compound Substrate on Cucumber Seedling Growth

WANG Yuxin SUN Qiangian WANG Pingzhi ZHAO Yanan LI Xueyuan
(College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract; In order to explore the feasibility of replacing non-renewable peat with corn straw in traditional
substrate, the cucumber varieties “Zhongnong 19” was used as the test material, and cornstalk, peat,
biogas residue, vermiculite, perlite and so on were mixed according to different volume ratios to make
seedling substrate. The morphology and element composition of straw and peat were analyzed and
compared by electron microscope scanning and energy spectrum analysis, the effects of corn straw on the
physicochemical properties of substrate and the growth of cucumber plug seedlings were investigated.
Furthermore, a suitable compound substrate formula for cucumber seedling production was screened out.
Twelve different substrates were tested, including a mixture of 25% peat, 25% biogas residue, 25%
vermiculite and 25% perlite (CK1) ; 100% corn straw (CK2); 100% soil ( CK3) ; a mixture of 10%
corn straw, 20% peat, 20% biogas residue, 25% vermiculite and 25% perlite (T1) ; a mixture of 20%
corn straw, 15% peat, 15% biogas residue, 25% vermiculite and 25% perlite (T2) ; a mixture of 30%
corn straw ,10% peat, 10% biogas residue, 25% vermiculite and 25% perlite (T3) ; a mixture of 40%
corn straw, 5% peat, 5% biogas residue, 25% vermiculite and 25% perlite (T4) ; a mixture of 50%
corn straw, 25% vermiculite and 25% perlite (T5) ; a mixture of 80% soil and 20% corn straw (T6) ;
a mixture of 60% soil and 40% corn straw (T7) ; a mixture of 40% soil and 60% corn straw (T8) ; and
a mixture of 20% soil and 80% corn straw (T9). The experiment was arranged in a randomized block
design with three replications. The effects of corn stalk on seedling emergence rate, plant height, stem
diameter, leaf area and seedling biomass were analyzed as well as the physicochemical properties of
different substrates, including bulk density, total porosity, organic matter, pH value and EC values.
Corn straw can be used as a suitable volume ratio instead of peat and biogas residue to raise seedlings,

which can promote the growth and development of cucumber seedlings. To a certain extent, the substrate
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recipes of treatments T1 and T2 could improve the quality of cucumber seedling. The growth index data of

treatment T1 at 40d of seed germination are as follows: plant height was (8.61 +0.34) cm, stem
diameter was (4. 34 +£0.27) mm, chlorophyll relative content was (37.40 +£2.15) SPAD, leaf area was
(60.21 £1.69) cm”, root activity was (118.306 £30.611) TTFug/(g-h), and the content of organic
matter of cucumber seedlings in T1 was significantly higher than that of CK1. There was no significant
difference in the growth index between T2 and CK , but the biomass of root of (100.53 £2.71) TTFpug/(g-h)

at T2 was significantly higher than that of CK1. Therefore, corn straw had a certain role in promoting the

growth of seedlings, which can be used instead of peat for the nursery substrate configuration, but it was

necessary to control the volume percentage of corn stalks within 20% in order to avoid inhibiting the

growth of cucumber seedlings.

Key words: corn straw; peat; cucumber seedling; conductivity
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Tab.1 Physical and chemical properties of straw, biogas residue, soil and substrate materials

P ALV B FARFEFF 15 R Lpa) 237 %41 i
AHE/(geem ™) (0.10 £0.00) ¢ (0.83+0.01)* (0.08 £0.01)¢ (0.36 £0.03)° (0.11 £0.01)¢ (0.64 +0.02)"
AHXF 55 K/ % (20.42 £0.45)° (8.97 +0.83)¢ (45.91 £0.94)"  (26.21 +£0.26)" (0.11 20.02)" (4.85+0.16)°
ML/ % (82.06 £3.04)"  (34.41 +0.08)% (80.17 +0.18)™  (56.05 +0.45)¢  (72.03 £0.30)"  (49.76 +0.12)°
ESALBRE/ % (14.17 £0.08)™  (4.97 £0.09)"  (28.43 £0.25)™ (11.91 £0.25)*"  (27.46 £0.11)° (3.910.07)"
FEKFLIR EE/ % (68.22 £0.18)"  (29.44 +0.08)¢  (51.74 £0.08)"  (44.14 £0.25)°  (49.57 £0.27)° (45.82 +0.18)"
pH ff (8.19£0.01)" (8.93£0.03)" (6.54 £0.06)" (7.42 £0.03)" (7.36 £0.02)* (6.17 £0.03)°
EC/(mS+em ™) (1.18 £0.00)* (0.14 £0.01)° (0.05 £0.02)¢ (0.01 £0.00) " (0.02 £0.00)° (0.25+£0.01)"
HHLR RSB/ %  (87.16 £0.48)° (8.97 £0.48)° (22.61 £0.54)°  (10.51 £0.15)¢ (0.11 20.01)! (79.34 £0.09)"
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Tab.2 Volume ratio of compound substrate

formula for different treatments %
b 7 1 EORFSAT Bk B wa o BRE
CK1 0 0 25 25 25 25
T1 0 10 20 20 25 25
T2 0 20 15 15 25 25
T3 0 30 10 10 25 25
T4 0 40 5 5 25 25
TS 0 50 0 0 25 25
CK2 0 100 0 0 0 0
CK3 100 0 0 0 0 0
T6 80 20 0 0 0 0
T7 60 40 0 0 0 0
T8 40 60 0 0 0 0
T9 20 80 0 0 0 0
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Fig. 1 X-ray photoelectron spectroscopy analysis of peat
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Tab.3 Results of elements on surface of peat by

XPS analysis
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Si(ZI;)) 102.7 10.76 KA, ERFEFP,0 TEMIE T A 55N
Amp)) 4.4 518 20.64% ,C JLE MR T H 538N 75.57% ,N JLR 1
Fe(2p 712.4 1.98 o i .
N(1s) 400.2 1. 63 JF AN 1.93% . A, ERFEFF P S RZT
Ca(2p) 348. 1 1.13 — N ) .
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Tab.4 Results of elements on surface of corn stalks

=
=
"

1000

600

JGHL T

BE/eV

B3 TORFEATIY X A2kt s RE T8 20 A 1]

Fig.3 X-ray photoelectron spectroscopy analysis of corn stalks

W BEE CKLTL ~ TS K& 50 F K R A 0K BT (5 14

by XPS analysis

TR

AL JCREFAHSHGHE R C LRI F A B E
KFEFF R C I E R A 0802 B3R, R F KRS FF
W LR A

B EC A3 T, e o 5 T 5 T AR, ARG 57 7K 38 i

i, pH EZ W =, A AL B . CK3.T6 ~ 19

TR AE LWLV {1/ eV BT T B % B2 - 4 B G T K R 4 BE 19 5 4 LR
o o e S BTN 38U W AR K R
K(2p) 293.2 0.32 W RIS AT, XS EEEE Y
Si(2p) 103.2 0.39 FORFEFFAPLETE fE & A E /N, i LABE G ik 5t o
Al(2p) 77.9 0.03 P a3, L ARG WL & & B, R E R
N(ls) 399.9 1.93 (. 5 T3 1 L 0SB 00 pH {8 b e M 2 oh o
Ca(2p) 347.3 0.53 B LV T - SR RS T B0 5 R 3 3 — o 7 50 i
P(2p) 133.3 0.12 pH {8 LIS BT 3R W 4 Ko % M40 1 15 B EC 2
o s - % 0.5 ~1.25 mS/cm, i1 % 1 001, VR AR FF 2L
Cl(2p) 197.9 0.13 1) EC HAF G BURYA K2, 1IN A K A

2.2

AN 5] BiE b ot B J5T 32 4K 14 JBT Y =2 i

MM E R R R 5. g S ATLLA

JFCIE B ZS T 29 0.20 ~ 0. 60 g/em’, B FLFRE K
T 60% o MR _F IR X LI bR I G 2L 75 3 E R
4P A K 2R O CKLLT T2 1 T3 o i Jog B4k 1k

x5 AEALEBEERMEBULIER

Tab.5 Chemical and physical properties of substrate under different treatments

Ak 3 KA/ (grem ™) AHXT 57K it/ % RALBLEE /% BIALBE /% pH {4 AL B 5 5 %
Tl (0.27 £0.01)° (28.53 £0.30)¢ (55.53 £1.18) (13.76 +0.04)" (6.41 +0.00)* (22.56 £0.42)"
T2 (0.26 £0.01)° (26.90 £0.67)"  (55.98 +4.20)% (10.48 +0.14)" (6.48 £0.11)} (23.31 £0.09)*
T3 (0.20 £0.01) ' (33.70 £0.41)° (56.56 +8.51) (12.62 £0.22)° (6.52£0.02)° (25.37 +0.23) ¢
T4 (0.18 £0.01)® (35.5420.60)"  (62.40+1.24)" (14.49 +0.42)" (6.60 £0.04)" (29.64 +0.10)°
TS (0.14 £0.02)" (37.90 £0.58) " (67.37 £3.13)" (14.43 £0.33)" (6.68 £0.06)* (35.68 +0.48)"
T6 (0.61 £0.03)" (16.71 £0.19)° (35.92 £4.92)" (6.79 £0.06) ¢ (6.74 £0.02)" (6.97 £0.18)°
17 (0.41 £0.02)° (16.80 £0.71)" (47.00 £7.30)° (12.21 £0.21)¢ (6.81£0.09)° (9.75 £0.53)"
T8 (0.27 £0.00)° (16.46 +0.17)" (51.82 +5.41)% (10.53 0. 14) " (6.84 £0.05)¢ (19.11 £0.09)¢
T9 (0.22 £0.02)" (18.54 +0.45)" (69.99 +3.74)" (11.64 £0.19)° (6.87 £0.10) (24.58 +0.30)°
CK1 (0.33£0.02)¢ (27.69 +0.41)° (56.51 +4.00) (12.95 +0.06)° (6.35+0.05)" (21.65 +0.49) "
CK2 (0.10 £0.00) (20.42 +0.45)® (82.06 +£3.04)" (14.17 0.08) " (8.19 £0.01)" (87.16 £0.48)"
CK3 (0.83 £0.01)*° (8.97 £0.83)} (34.41 +£0.08) (4.97 £0.09)" (8.93£0.06)° (3.34 £0.26)7
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Fig.4 Emergence rates of cucumber under different

ratios of substrate
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Fig.5 Comparison of cucumber height for each treatment
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Fig.7 Comparison of cucumber chlorophyll content for each treatment
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