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Effects of different substrates on growth and root morphology of
Sophora moorcroftiana seedlings

LIU Wen-jie, LI Zi-shuai, XIN Fu-mei”
(Department of resources and environment, Tibet Agricultural & Animal Husbandry University, Nyingchi Tibet China, 860000)

Abstract: [Objective] In order to screen out the best seedling substrate for Sophora moorcroftiana seedling, the
seeds of Sophora moorcroftiana, an endemic species for sand control and prevention in Tibet, were used as test
material. [Methods] The effects of different matrix formulations (sand soil (85), garden soil (GS), humus soil
(HS), sand soil: garden soil: humus soil = 1:1:1 (MS1), sand soil: garden soil: humus soil = 2:1:1 (M52}, sand soil:
garden soil: humus soil = 4:0:1 (MS3)) on seed germination, seedling growth and root morphological

characteristics of Sophora moorcroftiana were compared. [ Results] The results showed that: (1) In this study, the
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seed germination rate of Sophora moorcroftiana was the highest in 5§ (85.0%), that is, sandy soil was more
conducive to the germination of Sophora moorcroftiana seeds; (2) From the above ground growth index, the
specific leaf weight, total biomass, seedling height and ground diameter of Sophora moorcroftiana seedlings were
the maximum at HS, and the minimum at 55. (3) The total root length, root surface area, root volume and root
biomass of Sephora moorcroftiana were the largest at MS1, with the values of 376.19 cm, 78.91 em?, 1.32 em? and
0.67 g, respectively, and the smallest at SS, with the values of 165.29 cm, 33.03 cm?, 0.53 cm® and 0.15 g,
respectively, indicating that the seedling growth of Sophora moorcroftiana was the best in MS1 substrate and the
worst in SS substrate. (4) Through analyzing the effects of different substrates on root morphological
indexes of different diameter classes of Sophora moorcroftiana seedlings, it was found that the root
length of all substrates except MS3 was the longest in the diameter ¢lass of 0 mm<D=20.5 mm, and the
shortest in the diameter class of 2 mm<D=35 mm. The root surface area of each substrate was the largest when
the diameter class was 0.3 mm<D=2 mm, MS1 was significantly higher than that of other substrates (42.03 e¢m?),
SS was the smallest (21,16 ¢m?), and the difference was significant (P<0.05). In the range of 0 mm<D=0.5 mm,
the root volume was MS1>HS>MS2>GS>MS3>85, and in the range of 2 mm<D =5 mm, the root volume was
MS1>GS>MS2>M53=H5=55. [Conclusion] To sum up, HS medium had the best growth in aboveground part,
and MSI mixed medium had the best root system development. However, for HS medium, MS1 medium was
easier to obtain, lower cost, and the quality of seedlings was the highest. Therefore, it was suggested that MS1
should be popularized as container seedling medium of Sophora moorcroftiana in production practice.

Keywords: Sophora moorcroftiana, substrate, root morphology, grow seedlings
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W LA BRI 22 1 AR ELEEAT R, B TR 24 emx30 emx24 em (IR X 43
X&) MEEE D, REREER QLIEZRa R A RA R AR E R R Gkt
W) TREARAGD T i s, FARIRE RS, — MR, AT E
HURRL M . JUNA), B EmERR T, MESEBREEEE, 1 e0CHKIZE 14, 6
TEEAREMNTIEZ D, B30 8, 45 ~8HE, 863 RE—UJ0K, BIREEREK 500
ml. —/MHJFGETH B ST )P, B R RATREBE LR 6 bk, JLihRpAbBE 30 Bk,
AL R B IR R B AT K R AR

AEFEFEEL T IR S R 1, ol WL, A FEFEE pH R34 : MS3>MS2>GS>5S>MS1>HS,
T B E & WA HS>MSI>MS2>GS>MS3>SS ., S E T E EH AN
HS>GS>MS1>MS2>MS3>8S, LN . GS>HS>MSI1>MS2>MS3>SS, 4 { &k
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Tah 1 Different substrate formula and soil nutrient content

e i SR substrate HHLE Organic 4= 4 Total A2 Total 4= Total

substrale umber formula (V:V) carbon/(gkg) nitrogenf{gkeg)  phosphorusfgkg)  potassiom/{zkg) pH
55 ¥4 Csand soil? 22.25 .81 0,49 1.78 6.68
GS [+ Cgarden soil) 46.00 31 1.85 5.02 6.10
HS T8+ Chumus soil ) 16096 8.95 1.72 393 5491
MS1 b Ao B AT Ae=1:101 105.67 274 1.57 415 603
M52 e A B AT Ae=2:101 50.36 1.70 1.56 318 6.17
MS3 Pl o] s AT =410 35.49 1.52 1.47 3.00 6,24
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+HEFHLEE (Soil organic carbon, SOC) K H] HHE R EI-SM NG, RIFRHL A HERE &
0.05~0.1 g, I 1/6 KoCrzO7 Flif HoS04 % S ml, 180°C & 4F F bl 5 min, 15350420
RS 250 ml = fi b &R, BT 0.2 mol/L (] Fex804TH-0 i 5E , #4H %S AEE Sl
FEM FeaSO.THO MR THERE AT SOC & ;. LHE4 % (Totalnitrogen, TN) & &l
FH RIS, WRRHCEEERES 1.0 g, IR S AL 10 ml # HaSO, SR I 1 h,
SRE FH E B AL(UDK 149 A, 5 AOR] VELP 4 5))fE 50 mL-10 mol/L fili P35 b Bl i 25 18 3
min, ZETEEA] 20g/L B HaBO: Wi, WG AL 0.01 mol/L HCL i 5E . #4824 S dn AT #E
HCI B RTHREFESEB S R B8 TP, TK & &E K HaS04-HCI104 3%, BRI 0.149
mm i AT IR AL 0.5-1.0 g, FESREAGEIEE N 8 ml K HaSOLHES], TN 10 5§ 72%
HCIOs, AR, HEBRANSERSE 100 ml FEH S (HEA 30 ml 240, ¥
B, iR BRI B T b i . BRSO AR S A5 SR KGR RE i
SE. pH {HH5ERF pH MIE (]2,

L4 BAEG I

TG0 FE R ST b B2 R Excel 2010, KA DPS 7.05 &G0 B k4T 4 2 0 dir, Ak
FRA] S 45AR A B E PE LB T 0 2 (Duncan) %, (EE R85 H Origin 9.0
(Originlab 27, ZEED #i7.
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2.1 RFEIZEF T4 BB A K R
21,1 BdE, GeferiE

HI 28 2 AP, A [ B 5 I ot b A MR R R R A7 7 2 5, b SS R IR 85%,
GS HETERKAAH 61%, HRILFIIE 70%LL . FEF HS 1R A0 1w AR5 R
Jo HAES RN 22.84 em F1 232 mm, 435I SS ) 2.15 12,00 %, @ AEETE SS AbfE
vy GrH129 10,62 em 1116 mm. #fEEH MS3 Rk (11.53), SS d/h (9.17), As[R] AL [A]



FIf e, RS R AR R E 2R (P<0.05), LRI HS (178 552 5T SS.
GS. MS2 Al MS3 (P<0.05); HS MHbfRHy 5 H Al % Beff (6] 22 55 3% (P<0.05); MS3 115
125 SS, HS fI MS1 Z AR EE (P<0.05).
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Table 2 Effects of different substrates on germination rate, seedling height, ground diameter and height diameter ratio of Sephora

moorcroftiang seedlings

UbPE Treatment  HU 1% Emergence rate/®s 117 Seedling height/em  Ht4# Ground diameter/mm  #4% tt Height diameter ratio
58 85 10.62+0.30 ¢ 116004 d 917054 d
G5 6l 20, 81H0.81 b 192008 be 10.85+).51 ab
HS T4 22.8440.62 a 2324006 a 9832017 cd
M51 76 21.56+0.73 ab 2032005 b 100394028 be
M52 76 20734088 b 1.9320.04 be 10.850,34 ab
MS3 T8 20.67+0.98 b 1.82+0.08 ¢ 11.53+0.55 a

i FFIEERE WA RSP R IRTE P0.05 K P ERASTERL TR,
Note: The values within a column followed by different lowercase letters represent statistically significant differences at the 0.05
probability level, the same below.

2.1.2 eetEAe b dh ¥

i 3 ardn, BhAERLLNE HoH SR HS b B, LN 1.70 mglem?, SS e/, JLAEN
1.16 mg/em?, H 5 e &L 0] 2 R EE (P<0.05). Rl S E L HS ok, MSI
Wz, HAESHIA 161 F1 160 g, WERIEYIR 3 AE SS 1Y 6.44 f1 6.40 5, £ELILHE
BLHS A1 MS1 Z[HZERALE (P>0.05), HY5ERGEWNERREE (P<0.05). WAL
BRI SS B (1.43), HS Ei/b (0.59), H5 SS fil MS3 2 2R 2% (P<0.05).

# 3 TRERPERGE T ERE R R
Table 3 Effects of different substrates on specific leaf weight and biomass of Sophora moorcrofiiana seedlings

4B Treatment LI Specific leaf weight mg/em? AR Total biomass/a L bl Root shoot ratio
58 1.1640.08 b 0.25:0.06 ¢ 1432014 a
GS 163019 a 1.2620.16 b (.84H0.15 he
HS 1.7040.04 a 1.ol+0.24 a 059011 ¢
MS1 1.64+0.07 a 1.60+0.23 a 0.80+0.12 be
M52 138010 a 1.29x0.26 h (.T8HL 10 be
MS3 1.56+0.18 a 1.03£0.25 b 1.0420.17 b

22 ARERFH TR ERSGERERSIFE
221 HEMENHIT

T ot e A R 0 P R R A HR AR R SE M G 2R 4 FR . BRAEBRERAC . ARRTIRL #R
PR RO AE A e MST Ab R, AR5 376.19 cm. 7891 cm®, 1.32 em® 1 0.67 g,
F S8 Ab&/n, LAE 414 165.29 em. 33.03 em?, 0.53 em® #1 0.15 g, MS1 3514t SS 1Y 2.28.
2.39. 2.49 f14.47 fif. HFESHRE: ARZEME SR, REMH, RESAREDE
IEE R E IR (P<0.05), ELFEI MST SR, BRI 5 e &5
i 1) 2 5 5 3 (P<0.05), #AEHIH MS1 5 GS. HS. MS2 1 MS3 2 i) 7 A i 3% (P>0.05),
HE SS Z 2R 2E (P<0.05).

PR MRAN T LU AR KA LE R BLE SS dbimoR, AN 12.21 m/g F1247.25 cm’/g,
SIWESREFE M EREE (P<0.05), B SS 4, HE&EMILREKSN T 5.78~6.74, L&
R AL 113.90~136.91, Rz ERALE (P>0.05). HEHLIEE HS 48
J HAEH 058 giem?®, £ SS [ 2.15 4%, SS AbEEN /N, HAEHN 027 glem®, 5HERE
R a2 R RE (P<0.05).
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Table 4 Effects of different substrates on root morphological indexes of Sophora moorcroftiana seedlings

HEE 5 H4 Total root HJEE{”U‘{“ ‘*HH‘"EE ﬂ'!ll'.q‘mf'l' Ltlﬂi L\. lt.& |I[| E\I m?] lﬂ%?ﬁ'lk
Treatment lengthicm Root 5urfujcc Root . Root Speci ﬁ_c oot Specific uuﬂrf&ce Root tissue :
arga/cm® volume/cm® biomass/g length/(m/g) area’{cm-/g) density/{g/em’)
55 165,290,309 d 33.03+2. 10 053+0.02d 0154004 b 12.21+£3.62 a 247.25+30.98 a 0.27+),08 b
GSs 3218742339 be 640022740 10M2006c  05820010a 5.78+1.40 b 1164742619 b 0.5540.10 a
HS 3346623402 b 65076840 1.012008¢c 0590101 a 5.00=].44 b 113.90£2251 b 05840011 a
MS1 376.19£12.94 a4 T8.91+3.32 a 13220064 06720054 591£1.51 b 1240121798 b 0.5140.12 a
MS2 3456522683 b T0454581 bk 1L17£0.08 b 05420004 a 6.74£1.63 b 1369123221 b 0.4640.12 a
M523 302 89+22.98 ¢ 660.75+4.74b 114004 b 0522013 a 6072113 h 133.75225.04 b 0.45+H).11 a

222 ARZHARZR M E BRI

P A B 0T ARG IE B /R A AR, R R SRR [ R S R,
ANAR T BEWIOK TR ThEEY. SAAY, KEFEBRAERL<2 mm )53 EN
AR, AR 0.5 mmy 1 mm B S mm IR AR, R RS2 mm )
HRTLE 42%-~-75%MH R R T BARYChEE A, R R & 51 (D) Kb
b B A M 3 A28 0 mm<D=0.5 mm. 0.5 mm<D<=2 mm. 2 mm<D<35 mm,
AR R B RRIBFR RAEBTE.

A [F) B AR A AR A B AN R 2 RIS TR R 52 B 1 Bros . LR KIS ER MS3 4t
HEAEFEIYE 0 mm<D=0.5 mm B0 H N & 1K £ 2 mm<D=5 mm 22070 B N & E -
0 mm<D=0.5 mm F£4¢ 1 H AR B NMEUCY: MS1>HS>GS>MS2>MS3>SS, MSI
Kt N 19529cm, 5 GS. HS FIMS2 ZRALE (P>0.05), {H5 8S Z[A%EF L
# (P<0.05)-0.5 mm<D=2 mm {22475 H A, A KD : MS1>MS2>MS3>HS>GS>SS,
MS1 5 HS. GS f1SS 225 5% (P<0.05). 2 mm<D=5 mm 400 H M, MS1
e, HAEN 1420 em, SS M, Uf 2.32em, SHEFEHEZEEFDZE (P<0.05).

FRFRFTEPIIEELE N 0.5 mm<D=2 mm i K, MSI BEmFHESER, &

{E4 42.03 cm?, S8 S/, HANA 21,16 em?, TR HE 5L 0] 28 5 L (P<0.05). TEfR
25y 0 mm<D=0.5 mm fEH K, HEEF DRI : MS1>HS>GS>MS2>MS3>5S, MSI
HEem AR (19.45 cm?), 55 SS. GS. MS2 HI MS3 27 [i] 22 5 5 % (P<0.05). /£ 2 mm<D
=5mm jEHEN, HE@B AT MS1>GS>MS2>MS3>HS>8S, MSI 7ifiz K (12.86
em®), SS i/ (L71em®), HoFHHEEAEMEEFDZE (P<0.05).

FRARFLEE GS A1 HS ££ 2 mm<D=35 mm #4030 R i S0, HE S 2B IE 0.5 mm<D=2

mm U0 HE KN K. 7E 0 mm<D = 0.5 mm %90 N, AR RN
MS1>HS>MS2>GS>MS3>8S, MS1 {f 4 0.17 em?®, 5 SS Fl MS3 2 [ 2 7 i3 (P<0.05).
0.5 mm<D<=2 mm JGHE KN, MSI fZA, H{N0.98 cm®, 5 SS. GS Hl HS Z[0] % 5 i %
(P<0.05). 7£ 2 mm<D=35 mm JGHH, HAEFINICH: MS1>GS>MS2>MS3>HS>SS.,
MS1 7Rk, A 0.97 em?, SS i/, (U4 0.10 em?, 538 % 28 i 7] 2 57 i 3% (P<0.05).
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A1 FRERMPERGEFAREEERBERIFNEE
Fig.1 Elfects of different substrates on root morphological indexes of different diameter classes of Sophora moorcraftiana seedlings
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Note: Different lowercase letters abovebars represent statistically significant differences at the (005 probahility level.
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ESWEL ISR -2 GIR o <5 iy be R i) - A L e st 54 S e v Rt S BT e &8 B IS i ]
AR R BB AU OB A . R S SR FE A [ 25 o X A R HE#f A A RO 2w i A EL
SR ) T R, R, AW LA R A B BT AR Y
SEm EEE Ay MR R RALBR R L35 pH A7 OG0, b B U DA P PR FR R R A
R FAGFARR A AN, bl SRS, S ERGEREE, WAKEFER RS, FE
EREBUR. HS Bra WA pal i (8 A ) B e T A A B, AR K S HS
Abrpgh I 7B B EoR e, HR BRI R, X T AR BB A R T
[, RS RS, HES, HOOKTEREEr, R AR RALE, (B T8 5 R A
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A, R E AR, AP R AR UG R . AR, B HS S, WE. M
& MS1 Fek, SS fly, MST AR b, BEFE b A0 pE e AR 12 1. 1 A AT IR
& Hob, db e nr DU INEE T FLBRAE, (et S AR A, T B AT A 0 2 e
AREKTFEWNEFRICE, HEVIIEHR pH, FE--EU 7, A7 LA i 38 5 i) fR 2K 0GR AR ik
JPUR0L R AR SS BRI B Z, (RAKEE 2, E AR, RAREUK,
7 AR AR, AT AR LA B B R, S AR A K,
BURLEYD L5 = 3547, HHRAKRIE, SEEAEREES, SAUALRME 3. o
tb SS fe/h, FRRWRER VD L E TR, AR TICE £ A8 TR, (R R4,
{HRZ AR R A FR 4 A R 2 1 B, BRI EN). R SS #I HS 4F, MSI
fafe i, 00 MS1 AT HAh JE R P AR LU B R0, PidEss, MS3 mfetbm, Ak
R A, pirEE.

Fomt SR A P B S W A A B SR, AR AURBE AR R B,
AR, WO RSN | AE A B R CAE L. BB R WA RR N A R A (R A AR
Fn A S A R L B () @K RS, o EALG AR iR RN HS
R, MS1IRZ, SSH/bh. Ko, AU, &, B, WEASHEHMERMFFHEESF
JUE, MROUREMETREER, BREAENYEI BT, RIS, (i
HRRWCTR 7y, (E AL B 34 7R o 1 &, WA KR, S BT P R R,
fii 45 bt SR A B 0 K262, AR e bR R B 0 T A S B A AR S R A EL B R AR,
AhRABE R S R Le AT — e s, AR s, MRE LR BN SS |k, HS b,
A7 WF R T A 5] 5k 3 T LU0 AR Ay 25 25 7 B T 0 4 (R0 HR 33 7 i 25, i o B A 5 AR
EAEZE, MM RRE, (AT A LR ATHE T BRI AR R A A
- IEE S, AL SR R R A, MR R AR ARG, PR .

BRI AR — A R E R R E, B, A [E R R A R B R AC L 2 B
TERD B A KA R R E 4 BE 12, MST 056 (R0 4 BN i AR 2% 1 R
b, SSALMIESE IRV A R R H R, MR MST SERBOARA L BRT A
HIE A e, BIrasee, wREFEMHEIE, G8 TR HYER FZAE IR
AP0, SS BT g A, PROKIRAERE S22, K RIFR AR SE BRI RIFE A R
THURE R S F R AEZER RS 0 mm<D=0.5 mm [FEHRKERK, 05
mm<D=2 mm (iR RL AR FREREL, 5P TR SRKMRREIR LR 2
mm<D<=35 mm {75 80% A b, iX U112 4% D=2 mm {402 A8 b b B R AR &1
., MiZEgEE MR R DR A TR R E KA SRR, £ 0 mm<D=2 mm {#
FFERAN, MS1 R 3 MEtr (CBRIC. RARREAMEREED HH0, SS 2 3 ME
brdfd . BVAORE, MSIEEREF, IXAAER MST ZE R SR aAL, TSN
BEAMERF, HAR R I AR A, HRRSOK R S I R AR
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(1) ARBFEH, AR FRFRED P EE (85.0%), GS HEERIKAH 61%,
HALRITE 70%0L b, Bl LG R FRb A s Fh i A, mE i IE R E,
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