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Effects of Soil Types and Microelements on Growth and Physiological
Characteristics of Dodonaea viscosa Seedlings

WANG Xuemei'?, YAN Bangguo®, WANG Zicheng', SHI Liangtao®, LIU Gangcai**

(1. School of Resource and Environmental Engineering, Mianyang Normal University, Mianyang 621000, Sichuan, China; 2. Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences, Chengdu 610041, China; 3. Institute of Tropical Eco-Agriculture, Yunnan Academy of Agricultural Sciences,

Yuanmou 651300, Yunnan, China)

Abstract: To understand the function of microelements on Dodonaea viscosa growth, the effects of micro-
elements (B, Fe, Mn, Zn) on the growth and chlorophyll fluorescence characteristics were studied. The results
showed that all the microelements except Mn significantly promoted the growth and chlorophyll fluorescence
parameters of D. viscosa (P<0.05). Biomass accumulation of D. viscosa supplemented with B was significantly
higher than that of control by 133.61%. Microelement and soil types had significant interactions on leaf P
concentration and N/P (P<0.05). The addition of Zn in purple soil and Fe in yellow brown soil significantly
reduced the leaf N/P. The plant height, leaf area and biomass accumulation of D. viscosa in dryland red soil and
yellow brown soil were higher than those in purple soil, but the root-shoot ratio and leaf N/P of D. viscosa in
purple soil and yellow brown soil were significantly higher than those in dryland red soil (P<0.001). Therefore, it
was indicated that microelements played an important role of in the growth of D. viscosa in dry-hot valley, and the
plant growth could be promoted by adding B, Fe, Zn, especially B during the vegetation restoration process.
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oM AN, T s E TR Fey Zn F1 Mn 1
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22N A (Lilium davidii var. willmottiae)' . £ K
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R4 o5 P M b AR )5 e 32 R () Pk v B
PP, BLTE 1923 EEIERH B /MY 75 1S 77
JLFEERY, BIRHAT A BTG O B IE AT
RER Iy —Ff (A1 A 22, (H K A 73R 1226, B
e RN TR B e v e R OB A R . MPt
WS R A EEAER, TSk B 22 mi iR 1l
Wk CIREABTE 1 BEE . oK EARH . %
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Gb, TR Y b & AR TR R I R K
KEKE, Fe IRKERKNT N, P, KPP, K]
Fe 7 T#Un A K POEE . 52+
FRIAT A A K T I ) e 22 B PR A5R i) . Zn B4
EEYMPURRE T, MEk Zn 2K D H T4
EAEAE, IF H o PR Y NN K 73 B 2
FEIATRE SIS, [E A PO R IE T R AT )
R Fev A2 Zn F1H 2 Mn 5 & 73 718 0.49,
0.20 A1 7.58 mg/kg, UiHITCHMRLL LBk Fe. Bk Zn,

{EAN G Mn. Mn XHEVEVII0E # R 2R, £
TR A R R AR B A A E BRI b
A0 o Bl T AN R 38 £ B e R A0 R T R
YB3 T R Z e HO et A KT
PRAE S M 9. BIILA,
AR A A R TR 2 R S B . AR,
X T A A X R TR S AE KRR
FIWE IS HRIE, A 3 BRI o ER R 4
FTERKUNIEATFIE,

Bk, AR ER TR TN R, W=
B TG ERARAN A 1 383047 4 MR JT R (B Fe.
Mn. Zn)ds ke, #FFCIE B R ah A K E
PR R . BB 2 RSO I 28 3R 5 e 1 K 52
Wi, PRICHEZ TR FMEITCR N, FFRIA
[F] 4358 E 40 257 0 2R 22 SR M AR T8 3 A R A1 A
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wE%.

1 MRLRN 714

1.1 BFFEXBEAL

TG T o [ R 2 B R L b R T 5 BRI
AP S G ES Y BE s RYIRIL i i i m W v
BT = 7 B RE SR E VA M T BB (25°23'~26°06
N, 101°35~102°06' E). JGEEAL T =1 w5 b4
MG VDV — S VL R R A oy, 4k
898~2 836 m, AHXJ/EZEL 2000 m, AL
g3t B, TRTE 30 1L TR D R T] 45 B I 247 (898~
1350 m)~ (LA E G (1 351~1 700 m). 13 db T4
(1 701~2 000 m) K LI BEHS-rFEAA7(2 001~2 835 m)
4 AT EAFEA Y WA ORI R AR
Shegg, XN ELER 21.5°C, FRLKERT
3500 mm, FHFFEHEANT 700 mm. Hf 6 H—
10 H AR, WP 2 5 2FR 90%EL |, 1T
K, B 6~7 MHAL HESE 5 H). KK
XM R F EON T L35 (Heteropogon
contortus)EFFEVE , THilgEHR X £ EARR (Quercus
acutissima) £ . WA (Nouelia insignis). =
FATA(Pinus yunnanensis)55 TR, ik X 32 2
NALES(Rhododendron simsii)s = FEFA~ BT EETRA
& o MRHIR B sk X ISR 43 e+
HOLAEARE, b, RALMEOEXEAE
FTAK, Ml TR XA E R TAKI,
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HHF . fLAE (Bothriochloa pertusa)~ FEA6 5
(Stylosanthes guianensis)<5 AL HA AN Y, + 1%
FAR PR+
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IR X B RRIE B R T, BAERRRAEAR
BRI 5 1, MY A5 AR A e A B, [/,
RIRDE AR AR T 25 57008 78 LR B 1
TERPE, SREE T LT kR K50 P ) g A
BLFEFIA XPRAL L iR X 5 0 R g ik X
PR, BRAPAIER P S ES, 3 PSRRI
REAER A AR EER, AV, 42N,
BRP & ENEAREES R A >R 1112,

TERHRE 55 RAE 0~20 om )2 1%, SFh+ 35
FALREE 3A LR, ¥ EHOS RIS, 25T
Pofhi BREE. LIRS IRAIBENGER, BAEBKRY
%+ 1400 mL. fJITH BN 25 'C/35 °C (8 h/16 h)
MABEREFRAE T, — IR RIE K S R P A AR BR A
FRIER M. ffhrRFE1DMH, K23
HEEAE, 5 PR, IR T E R .
Tl 0 B AL P 5 B IR (CK) ~ NI (+B) Ingk(+Fe).
IEf(+Mn) INEE(+Zn)3t 5 Fh, 3 FhbIgERASE 15
ANRER, FANGEL 4 NEE . fEICER UKIERGE
ITEIN, SIRER 2 IR, 7373 LA H3BOs.
FeS04-7H,0. MnCly-4H>O A1 ZnSO4-7H,O ¥
e NRIEZE ST G R A BRI, ETT
FEFWGRBM 1R, FEEN 50 mL, X
ISR ZEIMK o LRI AR RN I &5 2 1) 2540
K, DRI IER A K. RIGAHE 3 ANMH)E, Ik
R FTFE S AT AR BRI 52
1.4 $EtillE

ISR, il 28R %64 Handy PEA 1024
D5E .37 (SR 3 ORI . R R B LIE £
MRS 75 RIFI Fr, BEE R 30 min J52E4T
M-SR R IOCSEIINE, SRR KNFm) DK
F(Fo)s AIARTEHE(Ey)~ PS IT [ KA 22 R (Fy/Fon)

ms BRADERCREAR . A RIS B i
A, Image J B Ak it SH AR

N Rl L N 0 = 7 S B (W B 1 2
MEFEIETION 65 CHREARH LT, I+ RPics
Fay R, REEH RS, WE N P AR,
N FERAYIKEZENE, & P SERHHEE
Pt ik e 38,
1.5 T

W 7e tb=tRAE M/t - AE . XN R T %
3T i%(Two-Way  ANOVA) 7> #7438 2K BRI 1 B o
RIS ERTFIREAGR S ). EYEGERE
Yie. HhEAEYE. R, MR IR ISR e
FHFAE(Fon Fu/For Fu/Fm)IREM, JFF /N 3 M
7= 5% (least significant difference, LSD)#H{T % H LE
B [RINE, XFIXEFRFREAT £ . A, B
HE AT X B A A B, SR P B U -4 b
X TR AN IR R, Wi 3 4 £ (response ratio)=
In[ADD/CK], & *, ADD AF/UIMALEE(B. Fe.
Mn. Zn)Wi 348 S S, CK ot B8 b 27 i B
BRI EE. NI ENT 0, RARFESIINEA
BN, KT 0 Fom HA ER NP4, H Student’s
t KEIGALER M N AR S 0 MZEREE . TS
PEAbFELE SPSS 19.0 HiE47,

2 SR

2.1 HHHR AR TR AR

-8 KT S I L T HIRT 7 R bR A
TR B, P 108 A R 5.
(G 1), 2R FHERRAT T RIBCRRHE b 0Bk 545 5] e 2

Bt B ERRE T 24.04%F1 21.89%; R4 A
EAEE L AR R e B ER T

24.22%F1 19.17%; T 52T 4= R0 3 A 358 A1) 6 e v A0 -
TR 25 WE 1AL, +B fl+Fe (kK2
SEEXT IR 10 T 12.65%F1 12.30%; ANFEITHE T
AL B R 1 e AR A B B R 3 22 R (P<0.001), F
W, +B. +Zn fl+Fe (AR E R, 2050 Lt
JRIE 0 81.82%. 56.84%F1 47.49%. Wi v K (1) A%
i —8(E 2).
2.2 HEERBARE TR AR
THRAR I E CR BE W T ERT
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Table 1 Two-Way ANOVA analysis of soil type and microelements on growth characteristics of Dodonaea viscosa

k7 TR Soil type (A) T ILE Microelement (B) AxB

Index F P F P F P
¥k Height 13.893 <0.001 3.649 0.015 1.710 0.137
AL Leaf area 4.938 0.014 16.653 <0.001 0.565 0.798
AW Root biomass 12.047 <0.001 12.869 <0.001 1.356 0.255
Hi B4 Shoot biomass 7.602 0.002 18.162 <0.001 0.955 0.488
FRjeE Lt Root-shoot ratio 27.427 <0.001 0.683 0.609 1.146 0.363
AN 33.025 <0.001 0.309 0.870 1.114 0.382
WP 169.930 <0.001 2273 0.085 6.822 <0.001
N/P 96.182 <0.001 2.598 0.056 2.790 0.020
F, 3.573 0.041 2.370 0.075 0.821 0.590
FJ/F, 6.563 0.004 4397 0.006 1.057 0.418
Fy/Fn 6.292 0.005 4382 0.007 1.022 0.441

mmCK OB mmFe CZ1Mn [7Zn
16 abc
14 ab abc
~ 12 bed def=
5
= 10
=
20
Q
T
’HE
¥
- a ab
g abed
g
< ef
b5 f
-
&
=
=
it 2ot B
Dry red soil Purple soil Yellow brown soil

T Soil type
B 1 ANFE R IMPE R R TIRSRHERE . CK: M.
T EARFFRER R 2 5 3 (P<0.05). T [H
Fig. 1 Effect of microelement addition on morphological characters of
Dodonaea viscosa in different soils. CK: Control. Different letters upon

column indicate significant difference at 0.05 level. The same below

). HEFEEMIRAEYREZE S THRO Mg 6a L,
[F, SRR L EAE B EE S TR
o, ARG LR T RAEYE S S
o+ BERE T 39.03%AM1 34.59%. HAh, AE I3
HA R Z e L B A 3 22 5 (P<0.001), R4
R T b S I TR R R AR, R
PR EZER . SXEML, +B. +Zn fi+Fe

ERETERTIEDERR, HadymEnsilt
MR R T 133.61%- 65.31%F1 59.33%, {HI
I G R R E R IR LL (] 2). R R
R P+Mn BE K T ERTRAEVEGR 2).
2.3 HIERRAMEITTEXN N P FHHIHMH

M3 AL, AN R P S DU >
HO >R, HERIKEZEKT: WA N/P
PLEE RS 0 >R o+, SRR KT
20, WEEmTEROL. WA, METTER S BIERA
X P S EM NP ARENLEEHGR 1), 15
gLk b, +Mn REEIM T P AR, +Zn BERK
RTH A PER;, MEMAL L, +Zn BEBINTH
F P &R, +Zn fl+Fe ¥REFC T NPy E
FEHE L, +Fe RE KT I N/P.
2.4 TIRRBFFAE o R X R R T4 IR

ME 4, F 1 A2 AT 0L, SR AR N &
LR BEMM T EFRT R ISR ERE. %
B H) Fo 5K, 10 Fu/Fo Al Fo/Fo e, 355 5K
AR ) 22 ik W25 7K o +B Fl+Zn AL Fu/F,
43 A ELRT IR R 2N T 9.97%41 9.62%, H. Fy/Fu th
BEWM. BINHMETREHENESR TR Fo/Fn
N 0.786~0.836, H. Fy/Fo Fl F/Fp £ 1% 5225 1 IEAH 2%
% £(r=0.996, P<0.001).
2.5 X

TR B R WI(GR 3), B 3 A R FFEE
KT 1, BEFTTERRIL 87.136%, H, % 1 k&
535 Fy/Fms Fu/Fou Fou P B EEEAHR, LL Fo/Fins
Fu/Fo. Fo AT ER K, RINMHZERICSH
%2 FRSr S NP PAIN S EEHMK, RN
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Table 2 Response ratio of different microelement addition treatments

ek JE&4+ Dry red soil 2+ Purple soil HAFIE Yellow brown soil

Index +B +Fe +Mn +Zn +B +Fe +Mn +Zn +B +Fe +Mn  +Zn
=1 Height 0.13 0.19" —0.05 0.00 0.14 0.03 -0.07 0.12 0.08 0.10 —0.12 0.07"
IFHFY Leaf area 0.47" 0.43" 0.05 0.34 0.73 0.35 0.07 0.50 0.58" 0.36" -0.15 0.48"
A4 Y)H Root biomass 0.99" 0.43" -0.08 0.19 1.22" 0.90" 0.36" 0.94" 0.54 0.06 -0.72 0.48
i AR Shoot biomass 0.76" 0.63" 0.03 0.38 1.33" 0.80" 0.31" 0.81* 0.58" 0.08 -0.36" 0.37
M Root-shoot ratio 0.19 -0.24 -0.14 -0.22 -0.12 0.09 0.05 0.12 —0.03 —0.00 0.03 0.13
% N -0.02 -0.04 0.06 -0.03 -0.04 —0.06 —0.08" 0.01 —0.06 0.09 0.02 —0.06
W P -0.07 -0.08 0.24 —0.19" 0.12 0.20 -0.07 0.32 -0.02 0.32 0.18 0.04
N/P 0.05 0.04 -0.18 0.16 -0.16 —0.26" -0.01 -0.30" -0.05 -0.24  -0.19 -0.11
F, -0.03 0.01 0.02 —0.00 -0.12 —-0.08" -0.09" -0.10 -0.07  -0.05 0.04 —-0.09"
F./F, 0.08 0.00 -0.01 0.05 0.11° 0.09" 0.11° 0.12" 0.09 0.06 -0.05 0.11"
Fy/Fn 0.02 0.00 —0.00 0.01 0.02™" 0.02" 0.02™" 0.02" 0.02 0.01 —0.01 0.02"

*: P<0.05; **: P<0.01

0.08 I CK COB EEFe ™Mn [1Zn
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0.06 -

[ bed
0.05 cde od cd
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002} & g g
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05~ ab
04+ abed
bede

031 f cdef

efg efg efg def
0.2
gh
0.1+

A
Aboveground biomass (g)
S

T
o
g

=
® d
G

ab(z1 b abc abe

cde befe
010} de .

K Ratio of root to shoot

Hee1 4 %ot HRRHE
Dry red soil Purple soil Yellow brown soil

+ 12578 Soil type
B 2 R 3 RS IR e R G S T A R AE 1 5

Fig. 2 Effect of microelement addition on biomass of Dodonaea viscosa in different soils

N. P FRIMRHE; 33 ERSrHtkm. B4R, i 3 ZEp AT

SRR, RS R AEKRHE, A2~
¥k E(=0.474, P<0.01). M1 A(7=0.915, P<0.001) 3.1 #ETEMEKMHEE W RIS BN
EERTE IRV KR AEREKY, AF L3 F+B. +Zn fl+Fe
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Fig. 3 Effect of microelement addition on N and P nutrients of Dodonaea viscosa leaves in different soils
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Fig. 4 Effect of microelement addition on chlorophyll fluorescence parameters of Dodonaea viscosa leaves in different soils
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Table 3 Eigenvector, eigenvalue and contribution rate of the principal components

£

FHi4 Principal component

Index 1 2 3
Phisi Height -0.122 0.216 0.786
HHEAL Leaf area 0.385 0.455 0.703
BAY)E Total biomass 0.454 0.368 0.750
M7 . Root-shoot ratio 0.626 —0.487 -0.277
N -0.585 0.635 ~0.352
P ~0.650 0.704 -0.120
N/P 0.529 -0.765 0.128
F, ~0.699 ~0.589 0.331
F/F, 0.785 0.519 -0.297
Fy/Fn 0.795 0.508 —0.287
¥R Eigenvalue 3.544 2.984 2.185
J7 ZETIERE Variance contribution 35.443 29.844 21.850
R 7251k % Cumulative variance contribution 35.443 65.286 87.136

XEZF A AERERE . AR &) A (i
ER, JUUA+B BN, U ZES X B 75K
K. ar NSRS R B, Bt B i H 2 (Dioscorea
esculenta) FIMAS AR W) & 2 35 FRAK, @ E IR HIAEY 1Y
K. BINARME TR RTFERTRAEK,
R B sk = o 2R R AR A 75 A R B A B /)
e o 7753 DR AR [ B o 2 A 4 PR A AL
WL, FHAT o AR R AR L RIBR ] BT 3
IFE) PR 1) R0 P 1) PR 1) 390, AR 5 Ph 22 MR e RN 4=
AT e RIS L FIBR S, RP BB 0
& Fhisk B T R I A R AR R

M ak R FOCS AT S W EY T E TR
B IR R 2 —%, KBS B F1 Zn BEFE S
PSII 1) Fy/Fo Rl Fy/Fmo Fy/Fm &SR 4 PSIT Safb 2
BRI — R EE, — BN 0.80~0.85, TEMMEZMFET
2 W) AR TR I E TG R FR ) Fy/F
FEARHKT 0.80, Ui EZR T u A 2 2 R
FErER, BA KA CH], —E R F S
TG RVER B HEYI Fo/Fn B8, R
Ft B8 1Y A R FH 26000 PR [ B B ) e,
I, EITTER B M Zn MAINEE S T ERF4hmnt
TCRERIR R R . AR IR AR BE SR, 24—
A fr Tt R DAY BOEAS IR, W& A
I a4 A R AR 3G 0, AR AR X
FRFRBIRRE). ZR6KE, WMEIGE By Zn F Fe
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