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KIS« ZFEAAE=0.3 : 0.1 1 0.2 1 0.15 : 0.25, RUETIERIELTT SEARTT (T 184 : BERA=04:03:
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Selection of Formula of Light Substrates for Container Seedlings of Cunninghamia

lanceolata and Pinus elliottii

XU Qingfu', WU Xianhua', CHENG Hongtian’>, ZHAO Min'
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Abstract: Seven different formula of substrates for seedling cultivation of Cunninghamia lanceolata and Pinus elliottii were prepared with peat,

vermiculite, perlite, fermented dairy manure, fermented pine bark, fermented wood chips, and rice hull. 4 kg controlled release fertilizer with 18% of

N, 6% of P,Os and 12% of K,O was mixed in each cubic meter of substrate. On 16" December 2020, seeds of C. lanceolata and P. elliottii were

sowed in plug. On 15" April 2021, seedlings were transplanted in 7 substrates. On 20" December 2021, investigations were carried out on ground

diameter, seedling height and survival rate. The results showed that different substrates had significant effect on the growth and quality of container

seedlings. The experiment resulted the optimal formula for cultivation of container C. lanceolata and P. elliottii seedlings was as follows: peat: perlite:

fermented dairy manure: fermented wood chips: fermented pine bark=0.3:0.1:0.2:0.15:0.25. There was no significant difference in seedling growth

and survival rate between the selected formula and the traditional formula (peat: vermiculite: perlite = 0.4:0.3:0.3), but the cost of the selected formula

was reduced by 25%.
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EHHARNESM S IBALL R, T RFESE, 35 TRy, nask, BRRRAS B mHR IR
K. ANERRPEA SR 2 AR AR, BB SRR EEL K . BIE . ]
AERE, XEAPRHIE AT ERRBH, BAHEREGE. Bk, AOZER SRR, B HRCRIFD
PIRAREE . I RAR R F A Tl [ AR 4 TR 20 & B S AR A PR VR S e B e 5k, xSkl ok
Rz, AMUOTLIBEARA = A, AN B AR SR IR i TEFE, i ELG ORI RIS A AR A T S

K2R Cunninghamia lanceolata FIEHUAL Pinus elliottii F=WiT A FEEMMFRY, MFIF, HEST, EARB
SR R SIS T T A AEE BV T X MR D R RS TR E R, IImT, RE &5 mai 2
A WA T FRARIE AR AN, SR mE AR aE R R R N BN R EA RS Z . BT
HRE SN R AP R . WS RS RIERIE . RIEAABERIEEE M RIS IE S, ALz i
ATV . BERA . B4 RREPIEMARERBIZPE | RoKMEEE, v RV R KEEAALERI 22
BIZZIRTE . FRPE . EAPERECEE, WO EIRE . AL ik, ARPERI X 7 MarERRE 7 AR
FRELTT, AL REL S T R ASGER . B AR KRR = AR, T M A AR A 2 &
BRI, AP MR R B S LR

1 R 56K S ML

RIS A FHHT A T BIRAAESHT, M 118°1825" E, 28°1825" N, B2 NS5 ERE /K B1E
1800 mm 7247, FEEPLEI—T H, AR 5125 T, KRN 260 d.

2 MBETTE

2.1 #§

AWICRHE R . A . BEE . AR, KRB . KIBIARIENE 7 Fbbk, HRZ R ERX S
WBGE L TEA-2E . RIS . RIEAlE . 2R GIR AR, FHARR AR L GBS 7 FhdEft (£ 1) , D
TWRETIRR . B . BEATEAER, S RETNIN, P0s. KO SEHIN 18%. 6%, 12%H)45FEAE
4 kg, KIS, KRS . KIPAABSAZRHOX S SR RIE T B BH IR AL . Rl A2 R A 3
KB, —MEE 3 d BHE 1 IR, DASHIR R T A ARARE—RAE 50 T, R R R
HEAE RS TERER, SWSE TR A RER . RTFEARE I A TS AR | IABSHEBCE R B, 5K
BEIKE 60% ~ 70%, KM 0.5 kg BRIR S EGTEFEYY 5], FAMIE S (AR ONE, 4~5dB8iE 1R, &
IKETRETMK, (HIEFEs . B5)%RE. DL 3 Pkl Sidsk 2d MR AHIE, BIAREER . AR K
LB, LB, S pH. Rk TMIAEMRYE (F RN (T/CPPC 1026—2021) ) HlAhRHEE IlE"

*1 TELRES

Tab. 1 Formula of different substrates

H PR/ % W% BIRE/% KIS % KRB Y KRR/ Yo EHE %
CK 40 30 30 0 0 0 0

Al 30 15 15 25 15 0 0

A2 25 20 15 30 10 0 0

A3 30 0 20 20 15 0 15

Ad 30 0 20 25 0 25 0

AS 30 0 10 20 15 25 0

A6 35 0 15 20 10 0 20

2.2 REHE

2020 4E 12 A 16 H, Z5PE2ARKFERAAFhF3EN 50 FLCEh T B . AP SRIE T #4812
M3 AR FRhFE, RSP RIE T B T R TRI SRR7 IE HAA B App . oS8 52 em x
26 cm, F9CEOAEA 55 cm, FHAER 3 cm, RN 7 cm, FBERTCHIRR, BRGEHBEEK)G i E e 8k
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Kb FEBRE A TR, BalEE.

2021 4F 4 H 15 H, AR 2 MR M E] 7 NAREIE T e R A sws (H
fEdcem, KB 8cem) W, FEAWFMERMEC T FEEAS 150 REAR, B S0 14, WEE 3IH (3KEE) .
XHEEARFMIEE 1050 BRETA (50 BR-JE0T" x 3 IRER x 7 R o BT RIS ARG L RIGEK, BT H
FEBHMT, BERHMAENERA 50%, HEERAREEAGK . R EGTGHBRE ., ZFEBEGSE 20 X, B
0.3%REM WAL, 40 7 d WHit 1 Uk, ELE 3 IR,

2021 4F 12 H 20 H, fEWAREIERS, EERAAS . WEARER. HisbDeskitamist,
FRYEHT A M bR %5 B AR SRR AR A s R,

2.3 HIEAE

R Excel 2007 1 SPSS 20.0 it Fr A SdE S TALBAISE 4347 « AREIEC TR FAARRNEHAA & | bz

B IR R AR RN E SR R FEF E 5 WA Duncan 2 E ST, 25500 8 2K %R 0.05.

3 ERGOM

3.1 FEEHERBUMER

BRI ARG, BT B I BB B R B s AV E R R . MR 2 LR, 7 R
LLAL, A2, A3, A4l CK B RFLBR LIRSS, ~FMECR 41.3%; 1l AS Fl A6 FETH) RFLBE L B w24 T
oAt 4 FRET (P<0.05) , “FIUMEACH 33%. AS FEF/MUBRIL BT, ik 41.7%, HIKH CK. Al A2, A4
A6 FENT, A3 FETUNLBRLL Bl AR, {Ch 32.9%. H5:ZH pH (EAE 7 MR P A REER (P>0.05) . FF
KIILL A6 IR, HIR AL, AS FIICK, A2, A3 Fil A4 FEHRPK AR, A2, A3, A4 Fll AS FEINAE
B, AL 3 R, el W, FLBREE . Rk RIS BN R P AR

F2 TEEFIBUMER
Tab. 2 Physiochemical properties of different substrates

FH ot RALKR/% NFLER /% 5 Z/(mS-cm™) pH Rk 1% ZRE/(g-cm™)
CK 40.30+4.9a 39.8+3.8ab 1.854+0.36a 6.58+0.27a 2154+26b 0.18+0.03ab
Al 41.10+3.5a 36.80+3.1bc 1.43+0.41a 6.61+0.17a 221+13b 0.17+0.03bc
A2 42.20+4.8a 37.70+2.9b 2.09+0.16a 6.53+0.11a 168+24c 0.22+0.02a
A3 43.00+4.3a 32.90+4.7¢ 1.16+0.65a 6.55+0.21a 176+15¢ 0.19+0.02ab
A4 39.80+3.6a 37.50+5.3bc 1.56+0.42a 6.53+0.15a 177+£19¢ 0.21+0.03a
A5 32.30+5.1b 41.70+4.3a 2.14+0.19a 6.83+0.20a 230+21b 0.18+0.02ab
A6 33.70+4.6b 39.20+3.7ab 1.71£0.52a 6.75+0.16a 276+18a 0.14+£0.03c

H: RPE—FIRENG FEEFRRIERELE 0.05 K EEABFEESR, MHEFEFRRERFRE; TH.
3.2 WAEKIRKR
M3 FIE 4 WLLEH, AEBECTTETON 1 SRR S A KA B2
®3 TREGERAMHMEAREKERL
Tab. 3 Growth traits of C. lanceolata and P. elliottii seedlings in different substrates
" IS AR
S FHH T /em AR /em =X Ela X H T /em AR/ cm rezlan

CK 23.90+4.8ab 0.36+0.09ab 65.05+7.1ab 21.40+4.3ab 0.34+0.08a 65.14+10.1a

Al 19.30+9.1cd 0.34+0.09b 57.20+17.4b 19.60+3.3¢ 0.33+0.05a 59.60+8.0b

A2 17.40+7.2d 0.30+0.10c 59.40+13.2b 20.50+3.9bc 0.34+0.06a 61.20+8.0b

A3 22.60+7.7b 0.35+0.10ab 65.00+12.2ab 20.80+4.5b 0.34+0.06a 61.40+7.6b

A4 20.10+8.6¢ 0.31+0.11¢ 68.30+16.5a 20.80+3.7b 0.34+0.04a 60.90+7.1b

AS 24.90+8.3a 0.39+0.08a 64.40+12.7ab 22.50+4.3a 0.33+0.05a 67.60+10.2a

A6 23.80+7.9ab 0.38+0.09a 63.50+11.9ab 19.00+3.3¢ 0.34+0.04a 56.50+7.7¢

1E 7 FhEEH, AS BRI AR B S TR B S,

ik 249 cm, Hkh CK. A6 fl A3, A4, Al Fll A2



13 TRIEE, 55 AN RS R BT ik 51

TP R EAR, AS LA I AL A2 BF0E 43%, HS CK ZMAEEER (P>0.05) . 2
RESLEFIIHARTE A5 Fil A6 aEr, HKh CK. A3 Fil A1, A2 Fil A4 BRAEIHAZAINTE N, A5 FET
HIPEAR L A2 FERR 30%, {HE CK ZMMAH BE R (P>0.05) . IZARRMSHE AL A4 K,
HAth 6 FPE P EALLASR T EMBEEER (P>0.05) .

R4 PEBRAFERTEZATEMNERE KBRS EST
Tab.4 ANOVA on growth traits of C. lanceolata and P. elliottii seedlings in different substrates

RFh ARKAER BT H ¥iJ5 FAE Pl
T 6518.6 6 1086.4 18.037 <0.001
AR iz 0.945 6 0.157 17.393 <0.001
EiR 43 009.7 6 7168.3 4.753 <0.001
T 9298.9 6 166.5 10.792 <0.001

A iz 0.01 6 0.002 0.699 0.651
=7 9402.4 6 1567.1 21.192 <0.001

WRAETT 220007, ARIE TR 1 4R SCA IR AR 2 4 A I 3 B SRS AR A R, (E P AR
WS (£3MFE4) o 767 FEEFECTP, AS BEFURHIAR RS EEY B RS, 1K 225 cm, HIkH
CK. A2, A3 Fll A4 B, Al Fll A6 FEFCTFHERAEAR, AS ZFCFHE R A6 FFA TR 18%.
TEHIAA R s TP HARTE 7 PR B & ER (P>0.05) , “FHER 034 cm, fBHIARESH il AS
1 CK FEFRR, Al. A2, A3 Fl A4 B ERLINAE BEFER (P>0.05) , A6 FEFafatiimh. RE AS
B P S AR LS T CK AR, (B2 A 2R (P>0.05)

HHIE 1 0I5, ASEBC T B AC R HIAA 2528 1 E A g . o A1 FEO P AS R A 88 i Ts 2
G, R 85%; HiAts 5 FREFAZ AR BRI RES, 16 94% ~ 98%2 18], [ Al FEFoh, Hdth 5 FemiAiA
RRUBIERE CK (97% ) 2R EBEES (P>0.05) . MMTAER, BHAAZEIREBERE 7 Fhid 75
TR, Hor A4 AS Bl A2 FEFTIBHIAA RS o8 B B 2R B0, 43k 91% . 92%H1 89%, 5 CK (89% ) ZIH]
ZERARE (P>0.05) ; HAETIRHIAAZS 2 0 0 SGH R IET 85%, JUHZ Al I A3 BECRHIAA 48 M Y A
THRHA 79%.

100 100 F
=
S 75 75 ¢
e i
4 <«
E 50 t S 50t
25 25 |
0 0
CK Al A2 A3 A4 A5 A6 CK Al A2 A3 A4 A5 A6
Bl 5Ly

B 1 ARRB AR T AARFIL AN G R RE F

Fig. 1 Survival rate of C. lanceolata and P. elliottii seedlings in different substrates

ARFEEL T AR HAA RSN SR WA BF 2 (K 2) o AS P ARRSE SRR, N
87%, WE&ET CK (85%) , (H  FREA AR SHREA BEESR (P>0.05) ; HIUKCH A6 Fl A3 KFT, AR



52 W LAk ol B3 4%

AR R 82% 1 78%; Al. A2 Fl Ad FEFAIFZ AR LR SAS R IR, 7E 60% ~ 66%2 8], FHXT T
AR, IBHAA RS B O RAE 7 PP FE o AR e iy, “FHMER 89%; v A6 Fil Ad FLJTHI R A4 K IIEF)
96%, fa T CK (92%) , Hth 4 FREETEAR SRR, 7E 84% ~ 88%Z 4],

100
100
< 75 i 75

ol =

€ 30 & so
25 25
0 0

CK Al A2 A3 A4 A5 A6 CK Al A2 A3 A4 A5 A6

FEWTB T B3I NWi

B2 KRG ER T ARG RS R

Fig. 2 Certified rate of C. lanceolata and P. elliottii seedlings in different substrates

MG 1 AR SVERV ARG . R R A A R T AR T ZE SR . FETA AR S A MR AR R 2
HIZRZSOMAT RN, ST LAo A 3 28, Hh 55284038 AS. A6 Fll CK, Hif. Hufe. B AIAIERYE
P, JoIRE AS WTE O FIE A, 45 R 0FE A3 il A4, SARILESE, HE. W2, BOERMAHE
PUET B2 55 =200F8 AL R A2, BIARAROIRAL . SRS RIS T RIS, BRI (K
3) o MAFIEL TR NASKTE , ARIETIMAS RS INAR A3, AS. A6 Ik, ¥90 0.15 564", HikR AL,
A4 F50.17 T84, A2 H0.18 TTA, B CK, H 02 A Bk, LSRR, FEEASAE
IR T E A AS.

as ' l: Al B2
1.0 1
Al B05 02
0 0
A2 B o5
-1.0 ks
A3
15 2
A6
CK
A4
i it EfEL DAl TR [T it HEGE B
T EPFEERERI R REE D, BHOBIR RIS, . . "
. o B4 KRy R TR S e R R R
B3 RERFLFE FHAYEAMKGELIN Fig. 4 Cluster analysis on multiple traits of P. elliottii seedlings in

Fig.3 Cluster analysis on multiple traits of C. lanceolata seedlings in different different substrates

substrates
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SHEHAAZE A PR AR FCRE B SRR, PRI LA 3 2%, Hp S —280U3E AS, e . &t
PRGBS  , (HEAR GG R ARG B 28048 A4, A6 Ml CK, B SIS R A 5 =24
Al. A2 il A3, BiIAREKIEREIIN S, WIRAGH I T HA 3 Fid )y, SR (Kl 4) o 84K
FEAGIT, BB THAA SR B ) e R T B E A AS o

4 NEER

N 7 FORREIRC BT E BB AR AR AR 88 AR RR AT B LRG0T, TEESE AR
RIS 1 AR SRR R R T 34k AS 5ERt, RI: Yok : BERA © BREAREE RIS © KA
=03 : 0.1 :0.2: 0.15 : 0.25. ZELIFFEFHAANKSF, B, nieS HEARFHYEYERA K. ZE7
FEBUMUBR L B3, FKaETR, EREAKIENRFRIR, ¥ TEEE, ARTFEARALE . kRFEED
FT 5 FRE SRR T 7 PRI L B R B2 B iR, BBk « BIRELER 4 1 1 (I TTAZAR
BRSNS, ERAEVET 4 PRI TR T 9 MIARFEERECHAAZAK | IBHAAFIVIAS Abies holophylla 75
BREHIRLE, BHERL B¥E BAHEIh 5 401 EDT 3 MR B ERCRREE. Ah, gt
WEB, AEFEFIFERREC 7 XA Schima superba . %1% Phoebe sheareri M8 Dalbergia hupeana 7545t E1
PEARAT W2 500, AR AR FI T A T 7 G BB 7 . AR TR AR AE R, ARS8 I e o B o
KIFFEAR T IR RAEBBE RG], HEI TR SR A28 | AR BRI E B 5ok, [RIHIR 3 T4
P B R, RAETHIER AS BRI . HAR . R R AR S5ESN T (K : BERE  I84=04 :
0.3:03) WHRFEER, HIZE AKX G RBEEFLBIEE] 60%, HAHXM TAESRE T A (0.2 76-4) BEK
T 25%. B, ARG B BRI TA B T AR AN HAA S S S8, SHE R s
WA REAAEEE L.
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