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Abstract: Camellia oleifera from Hainan possesses unique quality traits. Public attention to both quality of life and nu-
tritional health is increasing, while market oversight of food safety is being continuously strengthened. An in-depth
analysis of the soil characteristics in the forestlands of Hainan’s main C. oleifera planting regions and the impact on the
elemental composition of the seeds can fully reveal the safety attributes of Hainan C. oleifera seeds. In this study, a total
of 11 sample plots were selected from the main C. oleifera planting areas of Hainan. Soil pH, nutrient contents (includ-
ing organic carbon, organic matter, total nitrogen, total phosphorus, total potassium, nitrate nitrogen, ammonium nitro-
gen, alkali-hydrolyzable nitrogen, available phosphorus, rapidly available potassium, and slowly available potassium),
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and heavy metal elements (copper, zinc, and lead) were measured. Simultaneously, elemental indicators in C. oleifera
seeds, including nitrogen, phosphorus, potassium, total calcium, total magnesium, total copper, total zinc, and lead, were
determined. Duncan’s multiple range test was employed to analyze the differences among various indicators and trans-
location factors. Pearson correlation analysis was used to examine the influence of soil properties on seed elements. The
results indicated that the soils in the main C. oleifera planting areas of Hainan Island ranged from strongly acidic to
weakly acidic (pH 3.83-6.90), with significant spatial variation in nutrient content. The DA-1 plot had the highest or-
ganic matter content; BT-1 had the highest total nitrogen; HK-1 had the highest total phosphorus and available potas-
sium; and QH-2 had the highest available phosphorus. Notably high levels of copper and zinc were found in the HK-1
plot, while the DA-2 plot exhibited elevated lead content. The contents of the seven nutrient elements in C. oleifera
seeds differed extremely significantly (P<0.01), with total calcium showing the largest coefficient of variation (41.2%).
Four sample plots, HK-1 (enriched in macronutrients), QH-2 (advantageous in micronutrients), QH-1 (comprehensively
balanced), and DA-1 (exhibiting high protein-micronutrient synergy), were identified as high quality resources. The
elemental enrichment factors exhibited pronounced plot-specific characteristics, with WZS-1 (for phosphorus), QH-2
(for potassium), DZ-1 (for copper), and CM-1 (for nitrogen and zinc) showing outstanding performance. Correlation
analysis confirmed that soil pH was highly significantly positively correlated with the accumulation of magnesium and
potassium in C. oleifera seeds, organic matter was strongly associated with seed copper content, and available phos-
phorus showed significant positive correlations with calcium and zinc contents. This study reveals that maintaining
slightly acidic to neutral soil, increasing organic fertilizer application, and balancing phosphorus fertilization are key
measures for enhancing the nutritional quality of C. oleifera seeds in Hainan. It would provide a theoretical basis for
the selection of high-quality seed resources, targeted cultivation practices, and the optimization of processed product
quality.
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Tab. 1 Information sheet of sampling site
\ Bl 2H R . B 1 .
B S . izd wp  DEBORAE g, ik
. North latitude East longitude . Main cultivated
Lot No. Location Height/m - Tree-age/a Remark
(N) (E) varieties
BT-1  PRERIEHIE AR 18°44'57.79217  109°44'59.1946" 203 BRI 8~10 TEIR R 2
WA R\ K B 22 2 BHEAT
CM-1 &35 B &1 )E A 19°41'41.2699" 109°54'36.7698" 69 iEFIK 1, 2.3 8~10 JaoK A 4E B
DA-1 B E Y 19°35'05.7819" 110°16'32.5234" 129 wBRK 8~10 JeK A 4% B
DA-2 %R E U 19°28'39.4358" 110°14'00.1381" 71 ARHHp 8~10 TooK N4 Bl
DZ-1 MR ERUK B 19°24'57.3919" 109°29'16.5747" 339 ARHuFh 8~10 TooK N4 Bl
HK-1  #AW =T E SRR 19°44'42.9543" 110°29'58.3367" 46 PR3, 8 8~10 TeoK A4S B
QH-1  ByUfETH A HE I b 19°05'13.7613”  110°30'23.2659" 21 BUEAMF 8~10 TRk A B
QH-2 Byl TiT PHYLAE S5 AT 19°04'31.4607" 110°21'16.1258" 29 A3, 8.9 8~10 JaoK A 4E B
Qz-1  BUPBREHEAREE  19°0007.5729"  109°44'17.1773" 588  JiifE 1, 3., 4 8~10 JCK AE A B
WA 5T -L A
TC-1 HEAWEHMMEKE  19°24'36.0399" 110°02'18.3014" 140  #H\EK1, 2.3 8~10 TooK N4 Bl
wWzs-1 HARIITHEEEFE TR 18°4518.0780" 109°40'32.0618" 540  AHbFp 8~10 Tk N4 B
BT/
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Tab. 2 Analysis on differences of soil pH, organic matter, organic carbon and nitrogen forms in forest

land of main C. oleifera planting areas in Hainan

T A Bk ZERINGY £ HAA AR Tl A
Lot No pH Organic carbon/ Organic matter/ Total nitrogen/ Nitric nitrogen/ Ammonium nitrogen/ Alkali-hydrolyzable
' (gkg™ (gkg™ (gkg™ (mg-kg™) (mg-kg™) nitrogen/(mg-kg ')
BT-1 5.89+0.05%  14.94+0.24° 25.74+0.41° 1.83+0.18* 2.60+0.10° 66.69+10.98* 124.20+11.90*
CM-1 4.18+0.03"  6.74+0.44F 11.62+0.75° 0.53+0.21<P 0.70+0.25F 46.81+1.985¢ 36.20+14.39°
DA-1 6.58+0.03%  23.45+0.55% 40.43+0.94" 0.76+0.00¢ 35.69+0.69* 54.37+3.598 51.70+0.00¢
DA-2 6.90+0.03*  17.12+0.75° 29.51+1.29¢ 1.14+0.01® 0.08+0.03" 48.52+1.928¢ 77.27+0.818
DZ-1 5.94+0.02°%  15.26+0.85°  26.31+1.46° 1.15+0.04® 4.21+0.15¢ 21.83+2.70" 78.23+2.75"
HK-1 6.16+0.03°  14.05+0.54° 24.21+0.92° 1.14+0.228 6.77+0.92" 42.59+4.13¢ 77.30+15.16%
QH-1 5.71+0.03F 7.94+0.345F  13.69+0.58"F 0.56+0.01<P 2.84+0.07° 31.82+3.20° 38.17+0.71¢P
QH-2 6.36+0.03°  8.48+0.47° 14.61+0.81" 0.68+0.03¢ 0.85+0.14F 23.12+2.99PF 46.00+1.71°¢
Qz-1 5.35+0.03°  8.63+0.52F 14.88+0.89" 0.60+0.03°P 0.59+0.16" 45.61+0.595¢ 40.57+2.04°P
TC-1 4.22+0.03"  21.75+0.94" 37.49+1.62° 1.07+0.09% 1.55+0.28" 42.07+0.89¢ 72.77+5.78"
WZS-1 3.83+0.03" 3.80+1.00¢ 6.55+1.71¢ 0.38+0.03° 0.36+0.02" 35.90+2.59P 25.60+2.19°

T BRI A RS 5B m A R 22 5l .2 (P<0.01)

Note: Different capital letters after the same column of data indicate extremely significant difference among treatments (P<0.01).

HE 3 W, bR 9 4 R e ) e PR
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AN . AR S #EFN 0.33~4.66 mg/kg,
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S pHIEH AL, FHIRMERIF THEA S B E
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R —30, BRMENYRE S . SR & 2
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B, SRS —E, DLXRE A R T
gL e 5%, QH-2., CM-1 AFHbZZ 88K T
40 mg/kg, PEMEAL, KPS FEHER
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AR EZES (P<0.01), H&EEE N
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Tab. 3 Morphological differences of soil phosphorus and potassium in forest land of main
C. oleifera planting areas in Hainan

B2 £ gt B A S
Lot No Total phosphorus Total potassium/ Effective phosphorus/ Quick-acting potassium/ Slowly available
' /(mg-kg™") (gkg™) (mgkg™) (mg'kg™) potassium/(mg-kg™")
BT-1 214.15+34.39° 1.33+0.03* 1.47+0.26P 60.78+1.09° 628.37+13.91*
CM-1 72.84+7.04¢ 0.13+0.01" 0.63+0.16"* 47.42+1.75%F 36.03+0.61"
DA-1 174.78+17.535¢ 0.46+0.01° 3.85+0.09" 149.62+5.80" 155.77+1.63°
DA-2 165.61+14.355¢ 0.50+0.02° 0.33+0.05" 95.66+1.13¢ 235.43+15.06¢
DZ-1 59.15+17.32€ 0.16+0.01" 1.73+0.08¢ 42.37+2.08" 63.99+3.09¢
HK-1 1222.66+113.41* 0.55+0.01¢ 3.78+0.68" 210.80+1.61% 154.11+£10.21°
QH-1 122.54+17.79¢ 0.19+0.01°H 1.82+0.16¢ 64.81+5.49° 59.79+2.91°
QH-2 94.22+13.67¢ 0.04+0.00’ 4.66+0.07* 3.91+1.471 23.28+1.07"
QZ-1 81.16+12.28¢ 0.64+0.01° 1.09+0.05" 68.21+1.52° 354.74+1.328
TC-1 128.09+30.285¢ 0.28+0.02° 1.3140.11<° 52.38+6.45" 134.15+2.05"
WZS-1 33.24+16.22¢ 0.20+0.01° 1.04+0.07° 16.55+1.02° 113.56+3.59"

T BRI A RS 5B m A R 22 54l 2% (P<0.01) .

Note: Different capital letters after the same column of data indicate extremely significant difference among treatments (P<0.01).

x4 BEHFIFRAMTESEEEERE
Tab. 4 Differential analysis of heavy metals in woodland
soil in main C. oleifera planting areas of Hainan mg/kg

1 G5 ] BE it
Lot No. Coppe Zinc Lead
BT-1 17.64+0.31¢ 28.13+0.11° 1.59+0.12"
CM-1 2.17+0.045¢ 11.64+0.23¢ 13.63£0.27"
DA-1 3.03+0.08F 28.27+0.85" 42.21+1.44°
DA-2 3.76£0.11%F 81.66+3.28%  69.52+2.38"
DZ-1 0.46+0.02° 43.39£1.67°  46.53+1.73¢
HK-1 82.98+2.88"  124.02+#3.36%  20.61+0.62°
QH-1 0.69+0.02¢ 16.36+0.39" 9.82+0.30¢
QH-2 5.20+0.16" 20.29+0.51F 5.25+0.17"
Qz-1 8.97+0.30° 80.44+2.03" 44.70+1.74°P
TC-1 21.15+0.428 52.15+1.61¢  21.85+0.64°
WZS-1 7.61+£0.23" 56.10+1.78  56.27+1.84°
e FAVEE S A [/ KB 5Bk R OR Ak B 25 4R 3
(P<0.01) .

Note: Different capital letters after the same column of data
indicate extremely significant difference among treatments (P<
0.01).

K, TRFEER, BIHARTRKT. Bos
JE IR 11.64~124.02 mg/kg, HK-1 FEdh &85 i,
DA-2 5 Qz-1 A&, KRFEES; CM-1 #
B Al BT S EVE Y 1.59~69.52 mg/kg, &
R T ERKRNITE . DA-2 HEHLE SR,
WZS-1. DZ-1. QZ-1 FHHX, TR EER;
BT-1 HEHL S Rk

2.3
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HER 5 AT, 11 NSRRI 4 L R T8 b
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MR E AT A A I RE s, s H A KR
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JERUE B A EEE Y, HK-1 S i, BF
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RS o, SUE RSP RN L, X
AT RE N HAM AR A BRI T RAF i A, HLak
SRR QH-2 11 2.34 £i5, WZS-1, BT-1,
DA-1IRZ, = HEITBEES.

BT AR HE VA BOE A AR BOGE T ) 1 kS
ki, RHEFESHBNEEEEICR, HK-1
MR & i, W s T AL, DA-1 IR,
QZ-1 W& H Ak, 5 DZ-1, TC-1 KR EXER.

G 2 Y AR 20 B 1) E A R Gy, RIS
SHMMAE ST, kR S A,
QH-2 [y 445 & i fe iy, W T HALAR M, W] RE
LN B 2SR RS, FF L AR R, IR
AEWMTHA, CM-1kzZ, DZ-1 a4
Ak, 5 BT-1, QZ-1, DA-2 7B,
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Tab. 5 Analysis results of element differences in Camellia seeds from major C. oleifera planting areas in Hainan
T A W oy 44 Ees X gt it
Lot No. Nitrogf:ln/ Phosph?lrus/ Potassi}llm/ Total calcj}lm/ Total magr}?sium/ Full cop}zler/ Full zir{cl/ Lead{ 1
(g'kg™) (gkg™) (gkg™) (mg-kg™) (gkg™) (mg-kg™) (mg-kg™) (mg-kg™)
BT-1 13.44£0.43¢  9.95+£0.35®  8.72+0.28°°  87.88+2.70° 8.49+£0.29°®  11.10£0.34°  32.01«x1.21°  0.037+0.005"
CM-1 13.03£0.41°°  8.82+0.33°  8.50+0.27°  118.94+3.41° 7.37+0.26" 8.63£0.30°  30.06£1.06°  0.033+0.0035¢
DA-1 14.39+0.41®  9.77+0.31®  9.24+0.28°  106.79+3.21° 8.80+0.29¢ 13.93£0.38"  36.95+1.30*® 0.053+0.003"
DA-2 11.32+0.35%  8.59+0.28° 8.39+0.27°  82.27+2.55" 8.25£0.27°°  10.82+0.32°" 32.29+1.22°  0.054+0.002"*
DZ-1 10.49+0.31%  8.12+0.27° 7.95+0.26®  69.98+2.10" 7.60£0.24"%  10.8620.31°° 32.48+1.13%¢  0.031=0.0025¢
HK-1 15.07+0.46 18.25+£0.60% 10.49+0.33*  99.46+2.78°  10.53+0.34* 10.52£0.31°?  34.42+1.23%°  0.038+0.003"
QH-1 15.31£0.41*  8.10+0.25° 8.35+0.22°® 111.28+3.07 9.57+0.28" 9.43+0.26"  36.68+1.28*® 0.010+0.001°
QH-2 12.27£0.35°  7.80+0.24°  8.41+0.23¢  145.58+3.80" 8.10+0.25° 12.58+£0.35%  38.71£1.27*  0.024+0.010¢
Qz-1 10.56+0.30%  8.39+0.26°° 7.79+0.21°  87.77+£2.20° 8.24+0.26°  10.44+0.30°° 34.11+1.12%¢  0.013+0.001°
TC-1 12.43£0.32°  7.91£0.24°  7.92+0.20°  94.73+2.61° 6.44+0.19" 12.19£0.31%  33.76+1.10%¢  0.014%0.002"
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Note: Different capital letters after the same column of data indicate extremely significant difference among treatments (P<0.01).
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Fig. 1 Analysis results of C. oleifera seed element transport coefficients in major
C. oleifera planting areas of Hainan
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Fig. 2 Pearson correlation analysis of soil elements in major C. oleifera planting areas of Hainan
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Fig. 3 Correlation of Mantel test heat map of soil elements in main C. oleifera planting areas of Hainan
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