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Study on the relationships between the foliage diseases of
Dalbergia odorifera plantations and soil variables
based on the redundancy analysis
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Abstract In order to explore the correlation between soil variables and Dalbergia odorifera foliage disease, inves-
tigation of the diseases and determination of soil factors were made in 13 sample plots in Hainan Province. Redun-
dancy analysis (RDA) was used to sclect dominant factors affecting foliage discases occurrence on D. odorifera
plantations. RDA results indicated that pH, available N, total P and available K were four dominant factors af-
fecting the disease. The importance of soil variables was arranged as pH>available N>>total P>available K. By
clustering analysis, the sample plots were divided into 3 types which were mildly diseased plot, moderately diseased
plot and highly diseased plot based on the RDA. The results showed that the correlations between the soil variables and
the sample plot with different degree of disease were significantly different. Overall, in highly diseased plot, the content
of available N and total P in the soil was highest; the average values were 82.08 mg/kg and 0. 68 g/kg. In mildly diseased
plot. pH and available K content were highest. the average values were 6.56 and 143. 60 mg/kg.

Key words soil variables; redundancy analysis;  Dalbergia odorifera; plantation; foliage discases

W7 80 (Dalbergia odorifera) JE RMRTEAERE SN RHUE R 228 o P e A O A
oA B R HE S R BRGNS, LURRRR R i R
P R 1) 2 TR 55 0 Bt AL e BR ) AN FIAT SN B A s R A T o B [ R 2
B 2015-06-10 fEiTHEA: 2015-08-15

E£mE: EEMLARGHET AL (201304402)
% JH{E1EH  E-mail:gyzhou2118@163. com




42 55 3 W

SRR I T ICARIIT IR A SR AR B 5 5 3 R i G R AT < 37 -

S T R A SRR W2 e R B A R LR
o HUR VA A5 T T A E ST S B H 3 R T A
I M A BRSO R 1 F 7 O B
A HRE . van Dijk S5 f BF 58 A BURA B A R 5 4
o™ B0 3 ] £ BRE A St A BE G 3B R R
PrE U R IR S BACHESE mBFIE k BE
PAR I35 55 1 2B S b P i R R A O OE
o SRR AR L pH A SCPE AR S
SEAEIIIE ST A R R B A8 BE R L IR R A R
A R e R AR R ARG, S
R EEON/K P/K FN/P L 53519 A
Koo MOETS S5 RIS WA R BT
5B Z R4 KO 54 K& R A IR A
DAy it P A RS X410 ol 5 e A AT — RERCR

TUARII T — b 22 A2 4 1) B R B 20 BT 1R 7
V5 REAS K 2> BRI AL B FORE AR 8 1E AT £ T [l 1
AT T DR A S 2R A R B Y 4
TET A A Dty 78 ek D A R A8 ] ) £ M 5C AR AR
FRULSI gt 8 AT P T L SR A A TR
RS AER BRI 73 A5 55 W72 X B S . TOR
I G R AL AT — 2R 0 0 Mgt i i » A 3k 2]
AR TR AL AR H Y SR BRI RR 5 3R B
T A A A BAE ] — A b il b AT B e
ST S R R A T R AE R R IR
IITAEESNE 22 )32 B T B 5 L AR 2 A U Y F
FEU L IF FEAE AR A AR B
AT i B PR IR TR . H T P9 OO AR 43
PrstIt T i b A BT 58 530 e 5 351
JE& T RSP RLED T A AR A R IR

LR U IR

B LAV P A W A RN TR o
BFTERT AR BRI 13 HUAE sy R A7 BF SR A 3R A5 1
T A A 100 P BN B b, - SR i 0 3
ARG )RR S5 H RN 1 s R AR RS
S TUA B 5 B (RDAD #F 55 + 38 H 1 5 9%
KNG DU N TEIR ZR - DU O I A SR N AR
BTG P IE R ST

1 #MREFE

1.1 #REXEHR

VB 4 M PR AL BT R 108°37' ~111°03'E, 18°10'
~20°10" N, ffi B i A2 35 400 ke, ¥R 58 T
oy e WU AR -3 R 22~ 27 C L R K & R
1 000~2 600 mm, TEHZEI T, W 5k
120 m, PO FARE, Hhie) g H R R 2
TR AL IR DR R LT IR
AR,
1.2 HngE

PFANMEAAE 2013 4F 4 H —6 H#ktr. HEHsy
FIBEBEAEER A R 10 A BT, A3 s i O D
[N = = N Ny TN el = SN = = N 5 = N
BURARE BUERE, BAWE 1~2 FH, 313
AFE, BRI 4~7 hm? 24, SRR ST 3
A~ 30 mX 30 m AUARIERL ., N TMOMRER S R i AR
MR HFIE I Slibk, + 3R FE R 0. 8~1. 2 m, fRk4>
SRR R PR S A AL AU ] (5% D
VOSRAE MUY BT (3 ) R 40 B V8 B VR W o AR
EHT,

F1 HHMERER
Table 1 Characteristics of sample plot
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Plot Age Soil type Stand . Slope Altitude Height  Diameter . . .
densit longitude incidence index

ensity

P1 5 Hhi%E 2 250 110°08'22"E,19°30'58"N 6° 118 4.3 4.9 46. 32 25. 56
P2 4 W+ 2 250 109°37'18"E,18°33'48"N 8° 93 3.1 4.3 38.13 26. 64
P3 8 T 3% 1667 109°04'00"E,19°00"37"N  15° 103 6. 4 7.1 58.15 36. 14
P4 7 2145 2 247 109°03'40"E, 18°44'06"N 2° 145 5.6 6. 2 28. 45 20. 65
P5 3 AR 2 897 108°56'15"E,19°22'39"N 3° 55 2.3 2.2 12. 16 9.56
P6 7 iFaR: s 2 250 110°30'35"E,19°57'29"N 2° 20 6.5 6.9 94. 45 55. 56
P7 4 2135 2 260 109°27'39"E,19°10'24"N 4° 230 3.3 4.1 8.18 8. 64
P8 5 HhiE 1250 110°15'62"E,19°38'58"N 3° 30 4.4 5.6 16. 31 13. 24
P9 3 ak: 2 500 110°06'39"E,19°23'53"N 5 93 2.7 2.5 75. 24 46. 76
P10 3 AR 2512 109°27'39"E,19°10"24"N 4° 142 2.1 2.6 54. 34 40. 54
P11 7 T e 2 250 110°05'32"E,19°20"18"N 2° 103 6.3 6.8 91. 05 66. 48
P12 4 2T e 2 667 109°04"13"E,19°00'42"N 3° 101 2.9 3.3 92. 77 74. 36
P13 5 IiFaR: 3 2 275 110°16'22"E, 19°44'29"N 2° 27 5.2 5. 4 85. 45 56. 48
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Table 2 Soil physicochemical characteristics and microbe quantity
Plsem SRR amgeens mmms mnmew SR/ar ke AB/e ke
No, Type content Bulk density Porosity Organic matter Total N Total P
P1 4 (18.5143.24)a  (1.49740.07)c (43.65F2.12)c (18.46=F1.08)bc (5.48£0.02)de (0.98+0.05)d  (0.33%0. 02)ef
P2 4 (8.42+2.11)c (1.66+0.100b (37.48+1.78)d (30.96+2.34)a (5.730.04)dc  (1.384+0.07)be (0. 2640. 01)ef
P33 (10.23+0.77bc (1.33%+0.06)de (49.81+1.65)ab (28.3941.67)ab (6.26-0.09)be  (1.3240.04)be (0. 540. 04) be
P4 1 (1.76£0.65)d  (1.35%£0.11)de (48.93%3.07)ab (5.84740. 76)de (6.88%40. 13)a (0.422£0.02)e  (0.21£0.01)f
P5 2 (8.90%0.98)c  (1.39740.04)cd (47.55%£3.07)ab (28.46+1.63)ab (5.77£0.05)cd (1.41£0.11)bc (0. 48740. 03)de
P6 2 (13.90%2.97b  (1.297£0.02)e (51.3242.87)a (27.3841.07)ab (5.3440.04)de (1.43740.09) bc (0. 56=0. 07)ced
P71 (9.9740.78)bc (1.5974-0. 10)ab (40.0541.56)de (28.31+1.23)ab (6.77-0.07)ab (1.474-0.06)b (0. 54-0. 04)cd
P8 3 (13.20%2.49b  (1.45%+0.07)cd (45.28+3.12)bc (23.87%1.18)b  (6.8240.09)ab  (1.2340.04)c (0. 39=F0. 03)e
P9 4 (9.21£0.78)bc  (1.75%+0.10)a (31.58743.07)e (7.21£0.56)b (4. 36=F0. 10)f (1.197£0. 06)cd (0. 59+£0. 08)cd
P10 4 (12.51£3.12)b  (1.45740.07)cd (44,9142, 42)be (13.9543.07)ed (5.570.04)d  (1.7740.10)a (0. 97+0. 16)a
P11 1 (10.68+2.49)bc (1.56-0. 10)be (40.75+3.02)cd (16.974+2.58)be (4. 45+0.08)f  (1.56+0.09b (0. 83+0.12)ab
P12 3 (9.3240.55)be  (1.4840. 05)cd (43.77=£5.67)c (9.15£1.18)d (4. 50=£0. 09 f (1. 3840.07)be (0. 74=0. 10) be
P13 2 (7.95%0.51)c  (1.54740.10)c (41.51£3.12)cd  (8.15£0.63)d (4. 21F£0. 09 f (1.51£0.11)b (0. 68%0.07)bc
o VR Y Bt L T e Ve
e g kg ! mg » kg—! mg * kg—! mg * kg—! X104 cfus gl X10%cfusg ! X10%cfusg ! 777
No. Total K Available N Available P Available K Bacteria Fungi Actinomycetes Cf”T;i | :
Pl (75.42+1.50)a  (68.04=7.63)e  (2.47-0.0Def  (47.34410.15)ef  (31.2147.3Dcd  (8.5640.97b  (14.59-2.3D)cd  335. 25 de
P2 (60.4241.47)b  (64.68+9.87e  (1.9940.07)f  (43.6548.23)ef  (37.16£9.87c  (7.2241.02)ab (26.3145.13)b  405.13 cd
P3  (20.8340.96)f (73.122£10.02)de  (4.3540.17)de  (65.52412. 23)de  (43.64410. 32)be  (3.2120.76)d  (15.98+3.12)cd  455. 59 c
P4 (17.9240.87)fg (56.24=£1.67)e  (2.5440.10)ef  (87.26512.45)d  (26.5146.76)d  (5.81-£0.87)cd (13.32+2. 14)cd  284.23 ¢
P5  (3.7540.05)g (69.9246.89)de  (1.74%0.06)f  (153.96415.30)b  (42.34+7.89bc  (6.3841.03)bc (16.5543.24)cd  446. 33 cd
P6  (3.7540.00)g (118.44+11.56)a  (1.5240.06)f  (55.6147.23)ef  (29.7849.76)cd  (6.971.36)bc  (8.13+1.670d  312.90 de
P7  (28.7541.39)ef (58.6-£8.63)e  (12.8341.54)a  (187.52-16.56)a  (58.32410.87)a  (6.87-£0.98)bc (35.21+1.56)a  625.28 a
P8 (23.67+1.23)f (67.3448.23)e (5. 7620.43)de (145.6747.65)bc  (48.03+11.56)b  (5.7641.23)c  (23.32-4.45)bc  509. 38 be
P9 (2.8740.47)g (63.43410.12)e  (4.56--0.10)de  (23.5749.23)f  (30.1148.50cd  (6.074+1.03)c  (16.133.87cd  323.30 de
P10 (5.0141.0D)g (104.26£18.67)be  (3.8241.97)efl  (43.58412.75)el  (51.43411.76)ab (9. 361, 04)ab (32.0946.89)ab  555.75 ab
PIl  (3.5340.08)g (76.39-12.20)de (7.0941.53)ed  (32.6846.96)efl  (48.05411.04)b (10.921.54)a (35.3046.00)a  526.72 be
P12 (6.0241.02)g (82.87+10.76)cd (8.311.43)c  (34.63411.00)ef  (39.63410.96)be  (7.8141.36)be (23.325.670be  427.43 cd
P13 (8.56+1.2D0g (69.27+10.58)de  (9.99+1.80bc  (64.21413. 1d)de  (49.76--13.34)ab (8. 4842.08)ab (34.55-+6.57)ab  540.63 b

D) R B AP EE AR EZE (0=3) . AFVEEE A R FH R ANOVA 047, AL BRI 1235 22 55 (P<C0. 05)

The data are mean+SD, Different lowercase letters in the same column represent significant difference at 0. 05 level by ANOVA.
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pH, om, mc, tn, tp, tk, an, ap, ak, type, sb, sp, bacteria, fungi, actinomycetes,
FBL, BQZS represent pH, organic matter, moisture content, total N, total P,
total K, available N, available P, available K, soil type, bulk density, porosity,
bacteria, fungi, actinomycetes, disease incidence, disease index, respectively
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Fig. 1 Redundancy analysis of the relationship between

Dalbergia odorifera leaf disease occurence and soil variables
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The figures in the graph represent the 13 sampling plots; pH, tp, an,
ak, FBL, BQZS represent pH, total P, available N, available K, disease
incidence, disease index, respectively
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Fig. 2 RDA ordination of four dominant soil variables

T4 4N ESTEFRFH RDADINER
Table 4 The RDA results of four dominant soil variables

+EE T ENE 55 11 4 [l b 5 IV %l
Soil variable Axis | Axis [[ Axis]ll Axis[V
pH 0. 869 3 —0.161 9 —0.035 4 0.125 4
4#f Total P —0.693 8 0.445 7 0.115 5 0.125 4
AHA  Available N —0.593 7 0.225 4 —0.401 3 0.316 8
BHRE Available K 0.633 3 0.259 7 —0.001 7 0.320 7
FFHE(H  Eigenvalues 0. 896 0. 005 0. 086 0.013
L 7
i:f?jt\f percentage variance of species data 89.6 90.1 98.7 100.0
BYEAFE(E  Sum of all canonical eigenvalues 0. 901

BARE{E  Sum of all eigenvalues 1. 000
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The figures in the graph represent the 13 sampling plots
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Fig. 3 Cluster analysis of sampling plots of

Dalbergia odorifera leaf disease
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The data are mean+SD. Different lowercase letters on the bar indicate significant
difference at 0.05 level by LSD. Type I : Mildly susceptible plot; TypelIl :
Moderately susceptible plot; Type II: Highly susceptible plot. The same below
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Fig. 4 Correlation between soil pH and different

I

susceptible plot type of Dalbergia odorifera
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Fig. 5 Correlation between available N content and

different susceptible plot type of Dalbergia odorifera
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Fig. 6 Correlation between total P content and

IES

different susceptible plot type of Dalbergia odorifera
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Fig. 7 Correlation between available K content and

different susceptible plot type of Dalbergia odorifera
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