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22 EMENKRERZLITERESHMXE

DIRSEARA 2 75 B e i A A i L ARR 1Y
JCRAEAR R AR R TR B A 08T, Rk,
ZE L As. CoMIBILE 3 3 AR AL TR
(1), BRAIEF R 81.7%, ARMEN R
JF K HAE 31.086, P{H <0.05, RAMKIEH £ 10
RN IMERBR LR 2 F1=C (1),

F1 RELIXNFZRESBEAEASTITHITER
Table 1 Results of regression analysis of element content in the

rhizosphere soil

G
B it S AR AR
1 15.384 1 0.000 68.3 + As
2 25.309 2 0.000 78.3 + Co
3 31.086 3 0.000 81.7 +B

®2 RAEBPFEINRELITRER
Table 2 Element variables of rhizosphere soil in the final model

AR MHRBCER  waldf AHE PRI
+As 0495 0.178  7.766 1 0005 0.610

1

WEC 1489 0.543 7.526 1 0.006 4434
+As  -0786 0262  8.999 1 0.003 0455
2 +Co 0274 0.107  6.563 1 0010 1315
WEC 0403 0.659 0374 1 0541 1.496
+As -0946 0313  9.160 1 0.002 0.388
3 +B 0016 0007 4553 1 0.033 1016
+Co 0439 0.149  8.720 1 0003 1551
WEC -1.100  0.953 1.333 1 0248 0.333

-1.1 - 0.946+As + 0.016 B + 0.439+-Co

€ (1)

PH%?:J; - 1+ e-l.l - 0.946FAs + 0.016+B + 0.439+Co

K Pyg >0.5 MEEMBRERG B A, <0.5 Myt
P AR AL

PRI R ER R 1 As. B, Co CZ &b
IR F BRI TR, AsTuRM AL
5, B, CotHEMARBUNIERL, FIH AsFiEnE
M, B, Colltit /A fit, Mempmd/sd b
AR ERAI
23 EMHEURSREATERENHMXERE

DIAR R MIT R385 h5 o0 A A B G M il
WAHF N, Na, CoflAs GRS 4 B IKIEAGE T
B (£3), BRI EIERM SRR IL 88.3%, AXL
PERY R 7K 56 (8 48.596, P{H <0.05, 2R
RICE NIRRT LR 4 T (2),

5.734 - 6.1 As - 10.3264N + 0.00342Co - 0.001Na

£ (2)
1+ e5.734 - 6114 As - 10.326fN + 0.003#Co - 0.0014Na

IR EREMRZ T As. N. Co. NatHRZ

LB

®3 MATEMASHSTHITER

Table 3 Results of regression analysis of elements in the root

i

SH T kk AmE PHE DEIEWRI% AL E
1 21.270 1 0.000 75.0 BN
2 31.828 2 0.000 78.3 # Na
3 42397 3 0.000 86.7 i Co
4 48.596 4 0.000 88.3 M As

x4 RAEBPHESHNRATELZE

Table 4 Elements variables of root in the final model

£2. BUSEREC bidEiR waldf AME PH I

RN -12.139  3.265  13.822 1 0.000  0.000

g 5.640 1.531  13.561 1 0.000 2813
BN -15.469 4110 14.167 1 0.000  0.000
2 HiNa  -0.001  0.000 7.681 1 0.006  0.999
(g 8.837 2257 15.329 1 0.000 6886
N -12611  3.965 10.115 1 0.001  0.000
3 Co  0.002  0.001 7.108 1 0.008  1.002
MNa  -0.001  0.000 9.636 1 0.002  0.999
WAL 6.165 2286  7.275 1 0.007 475.9
MAs  -6.110 3.704 2.721 1 0.099  0.002
BN 210326  3.963  6.789 1 0.009  0.000
4 fCo 0003 0001 6.659 1 0.010  1.003
MNa  -0.001 0.001 6.597 1 0.010  0.999
WH 5734 2385  5.778 1 0.016  309.0

EARAR 2 7 IR AR 1 B LR IE TR, As. N,
Na JCE R, ColLRMAENIER, *
B As. N. NaJiti /508, Co it & /3 £ AI%
AR AR B B8 A b PO AE R R AT
24 EMENREMHFTERESBHXE
Pt R e R e bR o H AR R ST i R
M H Hg. Zn, Mg HISTTE 7 4 PRI A L1t
B (R 5), P28 IERI R TR 96.7%, A 3L
PERY R J7 R I 67.548, P <0.05, & AMHant
R ICR N HERRAR LR 6 FIsk (3) .

x5 MATZEEESHATHITER
Table 5 Results of regression analysis of elements in the leaf

FRAY

A Rk BlE  PE SRIEFR/% PR
1 47.360 1 0.000 90.0 i+ Hg
2 56.335 2 0.000 93.3 I Zn
3 62.751 3 0.000 95.0 Mg
4 67.548 4 0.000 96.7 S

e15,662 - 0.28301FZn - 0.3321Hg + 32.19411Mg - 7.5911S

u - Zn - - it - 7.590 (3)
1 + e15.662 0.2831fZn - 0.33211'Hg + 32.1941Mg - 7.591'S

AR R M R Zn, Hg, Mg, STtH: &
RERPAR 2 T R B AL 1 B2 RIEH R, Zn, Hg.
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Table 6 Elements variables of leaf in the final model
S MR bR waldfi AME P L
| FHg -0225 0.055  16.636 1 0.000 0.798
WH 7803 1.856  17.679 1 0.000 2447
zZn -0.161 0.061 6.991 1 0.008 0.851
2 WFHg -0206 0.060  11.638 1 0001 0.814
WEC 11777 2920 16.269 1 0.000 13E5
Zn -0.200 0.073 7.642 1 0.006 0.818
3 FHg -0270  0.096 7.973 1 0.005 0.763
Mg 23.644 11545  4.195 1 0.041 1.8EI10
WEC 9.839  3.399 8.381 1 0.004 1.8E4
Zn -0.283  0.119 5.675 1 0017 0.753
FHg  -0.332  0.142 5.457 1 0019 0.718
4 Mg 32194 16.820  3.664 1 0.056 9.6E13
S -7.590  4.049 3.513 1 0061 0.001
WE 15662 6.159 6.467 1 0011 6.3E6

STCEM RPN TEL, MgItRMARBON IR, &Y
Zn, Hg. SFUE/EOHS, Mg B/ Aok, e
TR I B A AR A AR

3 e
WZA L MR B T 2 e 7 e
HALIRA I 4007 2109 «
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2) MY R MRS DHMETTRRFEED
SRR, R P R TR IR
— EEPETE (BRI 4, 2012; Prajna et al., 2022;
Veldhuis et al., 2022) . MR MAER, Xt

R 2 A0 2 M BR Ak 2 2H A A7 23t v B B e
WEAE T Bz —. i tEP Y As TR,
WEFF B Co JUE it & 7 BOR X5 ey 1) 384 B T Bl
PR B AL s AT As. Co Tt E G i E 54
RAEFAR—FL,

3) AsTCE A AN R MGTHEA (HA E
&BICE Hgit A), &% AsTCRERMBR IR R
T+ EERE031% (REE, 2016), UL AsTTR
ANy BARER A it RS (AR B, AsHES
FAv o AR S BAE [ (AR At B, R B R AR
IR L . AR R As JTCR T 50k 2 i Tk
o AR (1, RAR L As i 708 <4.2 mg/
kg, RH <028 mg/kg, M H <0.12 mgkg), XF
As TCRLEIEH SR YL S AR AR A B d
TR E AR, ATRETRIEL As o Z X b i b
FEOIR, IR R AR AR A ) = K A I, R
Stk ARG ST e FNR S A 25 5 25 ) AT
Yy B B R S AR IR YT (Liu et
al., 2019; Bi et al., 2022)

4) AsTERFFFEICR, & LA R AL ™
a B RSP B Te AR . I, R AsTT
RO EAEAR LR R ELIR BB R, M A BERE
B A EA SR V5 Y MR L B R 4, DI,
AN BB - 9 PR BT T i 1T SR R 2 RN 7 il
PIRR AR IE 2 5% 414K, HETT T AR el A Ml b ot
AR (A M BT A B, 2014), 5 T ilikE
G+ 4609 As TR TR /0N 1.92 mg/kg (JiT
80X 6] 0.1~281.4 mg/kg, ARSI -8 A
XA, F399.74 mg/kg), REZMET
40 mg/kg 194 FH Hb - 49875 Y KUBS i (. (A= 2885
A, 2018) ;5 KEMPSRSC P As TR R ECh
0.006 mg/kg (434X 7] 0.000 2~0.077 mg/kg) ,
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Fig.1 Content of As in the rhizosphere soil, root and leaf
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KT 0.5 mg/kg BFR EAE (HAe N RSEFTE T A
#h, 2012), KL, FIH As JCE B AR AL
FERAIE IR0 o B AR AR SR SC g %y 4
& Z LA EEEASE. MR, EXTRERR AR R
- FIRE AR SR S G 2R G RIS 78 MG A
ALY, TR G g, Rl RO Rk g
HE”, o R XA AR B AR 2R RS RGN

4 ZEip

BT A SRR A AR5k, RIS R T
TR IR IR SR B e AR PR AT AR 2R 4R
F-M R ECE R, XAt R, R
F A As BT /bR, B, Co B /38R, R
ZH As, N, Nafstid 8o, Co JBit /r B,
MR Zn, Heg. SBURZMEGEE, Mg B 7 Kbl
i, MEABA RO B AR AR AR . TR 33 B B
HIOUFE MR PR TR AR EEORIR, S L
T As SFILER MR, A B TRERRR i SR i
o Aa S As RGBT IR
AL, DO AsARZG By T AL BAT B P
BAIR IR BT As 1 - HERREE T i Rk ™
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PR TR B A, RIS e 25T AT X R AR AR AR
F 09 & gtk W RIS OF 5 FPE AR, B K
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Analysis of Eco-Geochemistry Prevention and Cure for Yellow Leaf Disease of the
Areca Palm in Wanning of Hainan Province

He Yusheng

(Hainan Key Laboratory of Marine Geological Resources and Environment, Hainan Geological Survey Institute, Haikou 570206, China)

Abstract: The areca palm is one of the three important "trees" (hevea brasiliensis, areca palm, and coconut) of
tropical agriculture in Hainan province, China. However, the areca palm is highly susceptible to yellow leaf
disease—the mostcommon disease affecting the palm—which is highly destructive, spreads rapidly, andis
difficult to control with comprehensive physical, chemical, and ecological measures. Eco-geochemical studies
have focused on the elemental geochemical behavior and ecological effects of the soil-plant system, which may
prevent yellow leaf disease in the areca palm. With the support of the People's Government of Wanning City,
Hainan Province, an eco-geochemical study was conductedon the areca palm area of Wanning City. Thirty sets of
geochemical samples were collected from the root soil, root system, and leaves of areca palms infected with
yellow leaf disease, along with samples taken fromhealthy trees. Root soil samples were tested for 28 indicators—
including Se, Cu, Pb, Zn, Cd, Hg, As, Cr, Ni, Fe, Mn, B, Mo, C, F, I, N, P, K, Ca, Mg, S, Co, Na, Si, Al, pH, and
organic matter. Additionally, the plant samples were tested for 23 elements—including Se, Cu, Pb, Zn, Cd, Hg,
As, Cr, Ni, Fe, Mn, B, Mo, F, I, N, P, K, Ca, Mg, S, Co, and Na. Binomial logistic regression analysisof whether
areca palmswere infected with yellow leaf disease as the dependent variable showed that As, B, and Co in the root
soil were the main characteristic elements for determining whether the areca palmwas infected. The coefficients
of As were negative, while the coefficientsof B and Co were positive, indicatinga lower probability of areca
palminfection when the As content is higher and the contents of B and Co are lower. N, Co, and Na in the
rootsystemwere the main characteristic elements for determining whetherthe areca palmwas infected. The
coefficients of As, N, and Na were negative, while the coefficients of Co were positive, indicating a lower
probability of areca palmsbeing infected when the contents of As, N, and Na are higher, and the content of Co is
lower. The elements Zn, Hg, Mg, and S in the leaveswere the main factors determining whether the areca
palmswere infected. The coefficients of Zn, Hg, and S were negative, and the coefficientsof Mg were positive,
indicating a lower probability of areca palminfection when the contents of Zn, Hg, and Sarehigher,and content of
Mg content is lower. Statistical analysis also showed that the correct classification rate and chi-square test
expressed leaf> root system> root soil, indicating that the differences in elemental contents in the leaveswere the
most accurate reflection of whether the areca palmwas infected. Soil is the most important source of trace
elements in leaves and roots. From an eco-geochemical perspective, changing the elemental composition of root
soil can be prevented, and yellow leaf diseaseamong areca palmscan be controlled. The As indicator did not enter
thestatistical model of leaves (but Hg did), indicating that As does not easily reach the leaves or even the fruit of
the palm. As is well known, arsenic-containing pesticides and drugs are used for plant pest control and human
disease treatment, which indicates that increasing arsenic elements in the root system may enhance the prevention
of areca palm from developing yellow leaf disease. Thus, this study provides a new eco-geochemical approach for
the prevention and control of yellow leaf disease in areca palms. However, arsenic, as a toxic element, is an
important control indicator for soil environmental quality and agricultural food safety. Therefore, systematic field
trial studies and evaluations of areca palm root soil and fruits should be conducted to avoid secondary
contamination using As; this can prevent and control yellow leaf disease inareca palms.
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