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K2 ANRAEE T AR A

abEE 45 HEE/(grem?) LB /% FRK LB/ % LB % UK
CK 0.24+0.01™ 74.45+£0.56™ 55.45+0.94" 19.00+0.43° 0.34+0.01"
T1 0.26:+0.00" 72.18+0.97¢ 53.59+0.81%* 18.59+0.27° 0.35+0.01*
T2 0.27+0.01° 72.08+0.60° 53.49+0.40¢ 18.59+0.53° 0.35+0.01*
T3 0.25+0.02** 73.83+£1.62%¢ 55.36+1.27" 18.47+0.45° 0.33+0.01**
T4 0.26+0.01*" 73.06+0.71¢ 54.49+0.62° 18.58+0.11° 0.34+0.00"
TS 0.24+0.00¢ 75.91+1.97* 57.41+1.86° 18.51+0.28* 0.32+0.01°
T6 0.24+0.01" 75.38+0.14" 56.65+0.20" 18.73+£0.07° 0.33+0.00™
Ab3 pH{H EC/(uS-cm™) HAA/ (mg-kg) B/ (mg-kg) HH/ (mg-kg')
CK 7.19+0.02° 182.25+2.87¢ 196.00+1.40¢ 150.00+0.00¢ 277.50+2.50¢
T1 7.13+0.01¢ 567.25+5.44* 326.20+1.40° 388.50+1.00° 1075.00+0.00*
T2 7.13+0.01¢ 536.00+2.16" 320.60+0.00° 372.75+0.25" 992.50+2.50"
T3 7.15+0.01" 496.00+2.16° 313.60+1.40¢ 366.00+1.00¢ 900.00+0.00°¢
T4 7.14+0.02" 466.50+2.52¢ 310.80+1.40° 344.75+0.25¢ 892.50+2.50¢
TS 7.16+0.02° 435.25+3.30° 249.90+0.70¢ 309.50+0.50¢ 777.504+2.50¢
T6 7.16+£0.01™ 404.00+1.41" 243.60+1.40" 281.75+0.75" 542.50+2.50"
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B EKREK N 19.19 em(T6) , K T CK. T2,

3 ORIEALELh A PER
AbEE Bk /em 22K /mm A H/(mmeem™) TR /em AR /em
CK 15.52+41.95° 3.30+0.12¢ 0.22+0.03¢ 4.31+0.52° 15.14+3.96°
T1 16.85+0.98* 3.67+0.23¢ 0.22+0.02 4.25+0.25° 17.01£3.32%®
T2 16.23+1.69" 3.84+0.17° 0.24+0.03" 4.10+0.43® 15.52+2.51°
T3 16.22+1.17* 3.84+0.18° 0.24+0.02" 4.28+0.40" 16.24+2.74°
T4 16.62+1.34" 3.93+0.16™ 0.24+0.02" 3.60+0.31°¢ 16.64+3.49®
TS5 15.77£1.30® 3.87+0.16" 0.25+0.03* 3.81+£0.35" 17.09+3.00®
T6 15.40+0.76" 4.02+0.13¢ 0.26+0.01° 3.55+0.15°¢ 19.19£2.71°
Qb R /em K58 /em /MK /em /N 5E/em
CK 6.20+0.55° 7.94+0.67° 3.05+0.54* 4.73+0.76°
T1 7.08+0.55* 9.00+0.58* 4.11+£0.59* 5.73+£0.67*
T2 7.04+0.56° 8.99+0.68* 4.20+0.44* 5.53+0.52*
T3 7.14+0.46° 9.06+0.59* 4.14+0.39* 5.84+0.65*
T4 7.08+0.29* 9.12+0.43* 4.16+£0.42° 5.85+£0.51*
T5 7.05+0.50° 8.86+0.64" 4.32+0.48* 5.81+£0.87*
T6 7.12+0.45° 9.20+0.43* 4.20+£0.27* 6.02+0.44*
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E LN CIEOs:s:y) AT R 7/R T wAE IR =i

QbR Mo TR /g o BT /g M F T/ 52 N s HEFEEL
CK 4.96+0.49° 1.07+0.37¢ 0.43+0.02¢ 0.07+0.01°¢ 0.10+0.01°¢
T1 6.30+0.48" 1.314+0.25% 0.55+0.05° 0.10+£0.01° 0.13+0.01°
T2 6.37+£0.36" 1.64+0.24" 0.56+0.05° 0.09+0.01° 0.12+0.01°
T3 6.31+£0.37° 1.3740.34" 0.56+0.03® 0.10+£0.01% 0.14+0.02*
T4 6.29+0.38" 1.63+0.21" 0.55+0.03° 0.10+£0.01% 0.13+0.02*
T5 6.34+0.56" 1.60+0.39" 0.55+0.04° 0.10+£0.01% 0.14+0.02*
T6 6.49+0.31° 1.70+0.40° 0.60+0.04° 0.11+0.01° 0.15+£0.01*

25 AEEAERMENSEEEBIEROZMN
AN AL BT TN 1 45 A BRAE AR AT AR 5 22 52
GERILFE S, MHEER(E T4 TS5 . T6 A3 2 [A] A TETE
BEER, AR ESTCK, 5551 557%.
7.01% .6.68%. T6AbFH 5 TS5 4b 3 2 [6] (R FR i 77
MG A A A E R EE R HREST
HoAtb AL, 5% BEAH HL AR B T6 MR R IG s T

41.70% , P IEPERER 5 T 15.38% . sh TR A
M, T6 Ak i 2 &= T CK FI T1, 4 51 & 6.49%
12.33%; T1 AL 3% T~ CK AL 38, {H W5 & 2 [6] 3 AN 1F
TEREVERE o FEWEWRER G Wi SPS I [l 7E 87.85
~304.64 ng/L, T4 T5 T6 &b ¥ i 3 = T X HE CK, ifif
T1 A1 T2 Kb 2 5 FAK X HE CK. SS die i 12 T2 ik
TR T3 AL BRAR T CKALEE . GSAX T3 AbFE & T

E RN G s y) A QA B2 E 1= 2

WA ARl AR

b (T
AR RRE /(mg-(g-h)") /(mgg') /(mgg")

SPS/(ng-L")

SS/(ng-L')  GS/(ng'L')  NR/(ng-L")

CK  49.5242.61" 2.59+0.94% 4.81£0.36° 0.77+0.01%
Tl 49.02+2.22" 1.81+0.29° 4.76+0.39" 0.73+0.03°
T2 49.64+1.85" 2.90+0.31" 4.93+£0.72° 0.79+0.08®
T3 50.17+2.03° 2.23+0.24% 5.07+0.01° 0.81+0.05"
T4 52.28+1.84" 2.89+0.08™ 4.67£0.43° 0.79+£0.01°
T5 52.99+1.74* 3.25+0.72" 5.11+0.24* 0.80+0.02"
T6 52.83+£1.42* 3.67+0.06 5.55+0.11* 0.82+0.03°

164.14+£31.01  103.66+11.12" 192.41+12.46™ 118.09+25.85¢
87.85+20.26°
107.66+20.64°  122.72432.13" 142.18+26.72° 167.85+£39.77*
176.65+£77.38* 103.39+4.35>
304.64+19.62" 116.01+6.48"
207.22+4.91%
241.17411.96° 110.62+9.43"

93.92+9.42°¢ 147.81£9.98°  135.78+26.36"
202.39+£17.06" 185.82+46.59°
142.65£12.88° 114.11+12.06™
105.16+£12.52* 71.29435.03*  169.93+6.35°

177.22+£10.36" 185.2146.06"
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FETE PG 7 T, A5 S N2 R TR o ) o
Jr R
2.6 HEN4EEIRIEIRAELME

X B A v R MR (B e 2R M R AR K

R BRI 58 R/ D R/ FE) AR
Fig (b Lf e M N M LT E M T
A FRAE bR (AT PEBE T 1 B 11 SPS.SS. GS.
NR MR IEG J7 SR AE) 19 19 Bl 48 45 2E 174
KRS BRI 6, ZEM G R AWK Rt
SIS /N 4 N S -4 N L R 0 k36 0 L
firf 7 M b Hb N T A IR AR DG R KR
ISEST N N i T2V 135 S - AL R 2 N SN 54
AN b L E M - E MR T E X 8 MR AR
22 () X5 P 7 i 2 TE A O (e R 4 15 |l 8 o ok
Hh) s AT PERE 5 NR I 3 IE ARG M4 K {H 5 SPS
I ESEPIRTE A P

#6  wNA TR A

Wk Rk Rk Wb
B iR b ok

Fii
fitf

/)

5

W iR s A A SPS

Gf T T PEEE &N

HZ N[5
NR WZE s

55 W EA

GS

73z 1
Exiil 0.11 1
ALK 0225 0663 1
RAKMK 0437 0901 0552 1
RIS 0.411 0.927° 0.607 0.9807 1
e/ 0.361 09117 0.53 0.97570.937 1
F/NESE 0.278 0.933™ 0.73 0.95970.95970.9317 1
Hb F#EEE 0.359 0.924™ 0.59 0.98970.975°0.986™ 0.949"" 1
W R #EE 0.003 0.9237 0.557 0.743 0.782" 0.818" 0.757° 0.813"
o ETFE 0.247 0.9447 0.688 0.964™0.97970.939" 0.956™ 0.980™
HF T8 0.175 0.9407 0.768°0.938"°0.939™ 0.9117 0.994™ 0.934™
AIEERE -0.688 0.504 0.724 0.298 0.323 0.313 0.431 0.365
AYAVERR 1T -0.494 0.649 0.321 0.343 0.371 0.383 0.431 0.371
SPS  -0.228 0.456 0.401 0.144 0.229 0.153 0.348 0.135
SS -0.11 0.43 -0.106 0.162 0.247 0.235 0.096 0.235
GS -0.122 -0.306 -0.126 -0.309 -0.205 -0.493 -0.285 -0.366
NR  -0.348 0.577 0.434 0.543 0.493 0.553 0.533 0.575
HARIE S -0.682 0.504 0.506 0.107 0.172 0.226 0.251 0.214
4 -0.404 0.667 0.68 0.364 0.394 045 0562 0.41

-0.473

1
0.818" 1
0.76270.956" 1
0.443 0.491 0.527 1
0.626 0.44 0.496 0.643 1
0.444 0.191 0.361 0.194 0.606 1
0.654 0.25 0.099 0.083 0.569 0329 1
-0.226 -0.252 0.072 -0.009 -0.08 -0.11 1
0.627 0.605 0.815* 0.629 -0.1070.107-0.004 1
0.289 0314 0.661 0.726 0.595 0.585-0.3010.344 1
0.449 0.599 0.549 0.687 0.820"0.283-0.4370.2730.824" 1

0.451
0.685
0.695

2.7 EMHEHBFEEFRNERDSHMEESHES

XA 3 5 bR R (X)L ZE R (X)) R KR K
(X,) RS (X,) (R K98 (X)) R/ (X))
e/ 5E(X,) 8 (X)) b R R (X,) b 1
FHE(X,) AT EX) AR (X)) R
FEH(X,,) .SPS(X,,) .SS(X,;) .GS(X,,) .NR(X,,) .
AU (X,) AR AE (X,,) 3 19 Bl 8 btk 1 1
F RT3 AR (R T) R HT 64> s 1 R
J7 22 TTERR EL 1K 100% , Ho Al 4 4> E R il ke T
ST 2511 92.225% , R W I 4 > F o e g AR

19 TR 48 b1 19 92.225% , PR, d5c 28 48 BRURT 4 4>
ERGr, AR LR 7

RT NG BARAR PR T BT
EWS FHEE DTSR % RBUTRETTHCR %
1 10.692 56.275 56.275
2 3.645 19.182 75.457
3 1.885 9.919 85.376
4 1.301 6.849 92.225
5 1.017 5.355 97.580
6 0.460 2.420 100.000
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ARG T F0 I3 5 M AL AR i 7% 21 4l 1 0
Fabrs o> R (K 8) o
F8 NS MR AR O R AL

- Ay
Egr 1 B2 ERG3 EUr4
X 0.011 -0.487 -0.235 -0.004
X, 0.303 -0.016 -0.069 0.058
X, 0.225 0.090 0.223 -0.428
X, 0.274 -0.230 0.021 0.039
X 0.278 -0.198 -0.001 0.044
X, 0.279 -0.187 -0.048 0.050
X, 0.288 -0.137 0.043 —-0.140
X 0.283 -0.192 0.012 0.067
X, 0.277 0.063 -0.228 0.144
X, 0.290 -0.136 0.082 0.064
X, 0.293 -0.092 0.093 -0.128
X, 0.180 0.284 0.425 0.012
X 0.194 0.314 -0.015 0.264
X, 0.128 0.264 -0.331 -0.322
Xis 0.105 0.175 -0.400 0.566
X6 -0.104 0.045 0.350 0.197
X, 0.195 0.082 0.440 0.311
X 0.162 0.414 -0.139 0.016
X 0.213 0.285 -0.180 -0.335

S

Y,=-0.004X,-0.058X,-0.428X,+0.039X,+
0.044X,+0.050X,~0.140X,+0.067X,+0.144X,+
0.064X,,-0.128X,,+0.012X ,+0.264X .~
0.322X,,+0.566X,,+0.197X,.+0.311X ,+
0.016X,,-0.335X,,

(4)
HRIEERN Y, Y, Y, Y, 5 B A 19 A8 46 b

(AR EARAE (i SPSS 11458 ) ] 45 31 4% b 2 (1) 25

B Y (Y=0.563Y,+0.192Y,+0.099Y,+0.068Y,) ,

GERIFE 9PN, T5.T6 AL W] 2 T T3 . T4 Ab

B, T3 T4 A0 BRI B T T1. T2 Ab B RIS 4 Ay

JE BN RS A A T8 R  AK  ER A TR

HE4 R T6>T5>T3>T4>T2>T1>CK

R BN AR 2R S E

Y, Y, Y, Y, Y HE#

AR ELY, 6 1 ERGHITFNE) LY, (5 2 4
Y E) Y, (56 3 ERATFIED) Y, (5 4 E LT
VIR RN TS €/HE F INOE> A LR )
Y, = 0.011X, + 0.303X, + 0.225X, + 0.274X, +
0.278X, + 0.279X, + 0.288X, + 0.283X, +
0.277X, + 0.290X ,, + 0.293X,, + 0.180X,, +

0.194X,, + 0.128X,, + 0.105X 5 — 0.104X , +
0.195X,, + 0.162X , + 0.213X,,

(1)
Y,=—0.487X,-0.016X,+0.090X,-0.230X,~
0.198X,-0.187X,0.137X,-0.192X,+
0.063X,-0.136X,,~0.092X, +0.284X ,+
0.314X,,+0.264X,,+0.175X,.+0.045X .+
0.082X,,+0.414X,,+0.285X,,
(2)
Y,=-0.235X,-0.069X,+0.223X,+0.021 X, -
0.001X,-0.048X,+0.043X,+0.012X,—
0.228X,+0.082X,,+0.093X, +0.425X -
0.015X,,-0.331X,,~0.400X .+0.350X .+
0.440X ,-0.139X,,~0.180X,
(3)

CK -3.70 0.38 0.01 -0.01 -3.32
T1 -0.70  -0.65 0.08 -0.07 -1.35
T2 023 -0.09 -0.06 0.16 0.23
T3 037  -0.15 0.14 0.05 0.41
T4 0.67 -0.07 -0.25 -0.04 0.32
T5 1.01 0.17  -0.05 -0.05 1.09
T6 2.12 0.41 0.13  -0.03 2.63

— N A W N

3 itig
3.1 AREEAERAE L ERIEL M RZE
LI AN S B A G, B S IR
WA Ak B HL T HE AR G o T 366 5 14 4 45 308 e 3 el i
T B AL P ORGSR i SR RO AT
Mp R E R AE BRI SR BT Y 45 EEAE 0.20~0.60
glem’ VBB P, LB B KT 60% , 38 < LB 7E K
T 15%, KK FLBRE KT 45%", fEARSZR 4%
ARFR R I ST T BB R LB S ALBR
FEXAE A PRVG IR o 7R AR [ 280N 22 A5 FF 78 i
(IO T, W8 A A8 N i s A Ty, H R JE A ASOK L
AR 5 AR 2 g (A O, O RL B Rk s
BB b o i AR Ko B B A B A
BIRITCER , B 5 e Y BRI 2 A R AR B i
JCEEE B TR I, 2E TR 40 v A R A R v e
512 Hoagland EFEI ; o AR AR B 5 A LR

-
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T e 51 3 1 Sy 0 R B 7 B R g e AR K
SR, (T B AT AT B M RS SR
A S0 v DRI U O 114 588N 2 R T S I T )
$570.045% R 5T 1 5341 0.056% | H S B 43
$20.808% , Ir LATE T 1 o B2 v AT K #EA 78R , 4K
SR R A AR TR, IR HL AT AT 29 A T FRC AR A 1
A, G IR pH  EC i 5532 i BN FE
FEER AL (5200, J6 SN2 RS FT IS N k5 , JL EC
(LR 5 5 TR L TR R B T RN
R FF U a2t (8 B fn s B 7
3.2 FREAERAE LXK 4HEE KB

ANTRIBE A3 3 SR Sy 1 1t R R AR A
Py i R B R ] o BRI AE DL A Ol R
PR L N T 1 FE 0T, A I A« i i =2
121 R, a5 80 97.33% M 5 AU
0.196. JEEAEIFFE & I, 7EF i & B A s
A P AR UE TS i A K B AR RS T
AR R, ARSI Pl SN BN RS AT R Ab
HHT6 A4 H 1 Rk 5] 98.67% , 25 ML L RIS |
H TR B T bR R i B &R T K, 4
KA

I 3 F I 2R A A — i R T LR B v e 1)
A AE KA 28 2 /K i (R ELIE R A v A A
SeA R, B A A YR R R LA
F0 AL T2 T3, T4 . TS 1 T6 [l i A 4 R A 1Y
BT CK, SO A R, i A= 4y i 1 B B
FXIE L AR AR A YR K R i SEAR AR
HR R PR R R S AR R N A sh S AR A A B
L2 52 R R 0 %) 7 R ORI PN TE SR B R A
YRR 2 B AR ISR, SPS 1SS J& kA i i 7 o i 2
R ), 3O A AR ROIR O B G I R
EAHYIEN EE AR AET A, GS NR Z2AAM
e R A TR, 5 R A A S R DDA
Koo ZEZFERINEMIR : MBI 25 BBk =442 40
B S A S R Gk = DN BT A T
B, ™ F SPS (SSiE ME  E TL . AR A SR b
B T6 1Y AT ¥ M 2 T CK, AR B T4 T5 . T6 1Y
SPS i % 15 T CK, 4b#H T2 . T4 . T5 M T6 1Y SS 5 T

CK, 7] WL T6 iy & i A Kok bl e by ot . A
BET6 (1) v] MRS 35 5 T CK, T2 . T3 . T5. T6 i NR
AR T CK, 1] UL AL B T6 1 R4 i FS e,
R AENE %

4 Z5ip

T6 Kb PR /N2 RE AT - BB -t A1 =1:3: 504K
FRILE) S i S B ot fie o 5 B, T A 00 i
RGBT 2R R, 4R e A O 1, (2 2t
TR R N SR A o JF B, R
VRS Hp Rt 1 T AR R SR 2 — , Tl
RT BRI AT A HAR R RE D,
O AR B R T SE 2% . AR/ N A
AT R AL B 574, AR o AT 3R
i, BRERM R SCREAE HEAOV IR FE IR A AT, B LA
JEBINAE AT - BIRBE - A =12 3: SO RRLL ) 5 2k
JRCIE ELAE TN H B L e
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Effects of adding rotted wheat straw to composite substrate on the
growth of cucumber seedlings

WU Yahong'?, ZHOU Yanwei', JIN Qing', DUAN Famin’, KANG Xinna"*'

1. Shijiazhuang Academy of Agriculture and Forestry Sciences, Shijiazhuang 050041, China
2. Hebei Urban Agricultural Technology Innovation Center, Shijiazhuang 050041, China
3. Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu 610000, China

Abstract In order to study the effect of the composite substrate added with decomposed wheat straw on cucumber seedling
cultivation, six kinds of substrate were obtained by compounding decomposed wheat straw, coconut bran and vermiculite in
different proportions, with coconut bran: vermiculite = 5:5 (volume ratio) as the control and Jinzao 198 cucumber as the test
material. By analyzing the phenotypic traits, biomass accumulation and physiological indexes of seedlings, and using principal
component analysis for comprehensive evaluation, a suitable compound substrate formula was screened out. The results showed
that: adding decomposed wheat straw was beneficial to the growth of cucumber seedlings, and low addition amount was better
than medium and high addition amount. The seedling emergence rate of cucumber seedlings treated with T6 (decomposed wheat
straw: coconut bran: vermiculite=1:3:5) was the highest, reaching 98.67%, which was 4.77% higher than that of the CK; the
phenotypic traits such as stem diameter, hypocotyl length and maximum root length were the best; the biomass accumulation was
the highest, and the seedling strength index was the highest, reached 0.15 and were 50% higher than control; Chlorophyll value,
root activity, leaf soluble protein, and soluble sugar content were significantly higher than those of the CK, It increased by
6.68%, 41.70%, 6.69% and 15.38% respectively, and the activities of sucrose phosphate synthase, sucrose synthase, and nitrate
reductase were significantly better than those of other treatments. The comprehensive ranking of different evaluation indicators for
each treatment is: T6>T5>T3>T4>T2>T1>CK. In conclusion, T6 (decomposed wheat straw: coconut bran: vermiculite=1: 3: 5)
treatment significantly promoted the growth of cucumber seedlings, and could be used as the best substrate formula for cucumber
plug seedlings. This paper provides a theoretical reference for the use of rotted wheat straw in vegetable seedlings, thereby
reducing the cost of factory seedlings and improving the quality of seedlings.

Keywords decomposed wheat straw; cucumber; plug seedling
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