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Abstract: [ Objective] This research analyzed the characteristics of mineral elements of associated

plants in different site conditions and investigated features of mineral elements in aboveground and under-

ground parts of Vaccinium uliginosum and its associated plants to provide reference for studying the influ-

ence of associated plants on growth and development of V. uliginosum. [Method) V. uliginosum and its
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associated plants (Vacciniumvitis-idaea , Betula fruticosa ,and Ledum palustre) in three main site types
(meadow bog with soil layer, meadow bog permafrost soil layer and mountain land ) of the Daxing’an
Mountains were studied. The difference and correlation analysis methods were used to clarify the relations
between major elements (N,P,K,Ca and Mg) and trace elements (Fe,Mn,Zn and Cu) of V. wuliginosum
and its associated plants. [Result] (1) There were significant differences in contents of mineral nutrients
between V. uliginosum and its associated plants. The contents of Ca and N in macro elements in V. uligi-
nosum were significantly higher than that in associated plants (P<C0. 05) , while the content of Mg was low-
er. The contents of micro elements Fe,Zn and Cu were relatively lower. (2) The contents of macro ele-
ments in aboveground part of V. uliginosum were higher than in underground part. As for the associated
plants,except the contents of Ca and Mg in underground part of meadow bog permafrost soil layer and
meadow bog with soil layer and K and Ca in mountain land were higher, the contents of other elements
were higher in the aboveground part. For micro elements, the contents of Fe and Mn in underground part of
V. uliginosum were higher than that in aboveground,so were the contents of Mn and Cu of Betula frutico-
sa and Ledum palustre. Vacciniumvitis-idaea had higher contents of Fe and Cu in underground part.
(3) There were significant or extremely significant negative correlations between pH and contents of N, K,
Mg and Mn in aboveground part of associated plants. There were significant positive correlations between
content of Fe in underground part and total N and total Mn in soil, while content of N had significant nega-
tive correlations with both of them. The contents of Ca,Zn and Cu were significantly or extremely signifi-
cantly correlated with soil pH. (4) There were significant differences in the contents of mineral elements in
V. uliginosum and its associated plants. The correlations between mineral elements of V. wuliginosum and
Mg of Ledum palustre and the correlations between mineral elements and Zn of Betula fruticosa were
higher. The correlations between mineral elements and Ca of Vacciniumvitis-idaea was lower, while that
with other elements were stronger. [Conclusion) The contents of macro elements (N,P and Ca) and micro
elements (Fe and Zn) in associated plants were lower than in V. uliginosum. Therefore, the utilization of
soil nutrients by associated plants and V. uliginosum was different,and it had influence on the absorption of
mineral elements in V. wuliginosum.
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Table 1 Basic information of three site types in the Daxing”’an Mountains
SLH R g B/ m FEMAMY T YR R 2 LA L
Site type Location Elevation Associated plant Soil condition
B HE 25 Py e -
N51°36',E123°52' 721 HAELE R . £ B+ R R
§ L Betula fruticosa ,Carex Moss+ Humus
KA - e Detula Jr " o
. I oz ol Setle B JE SR Rt
Meadow bog with N51°36 ,E123°52 691 o . .
soil type Betula fruticosa ,Carex Humus—+ Bog soil
A N50°40",E123°30" 873 A e AL S & GF 4 SR
’ Betula fruticosa s Rhododendron simsillsimsii Moss+ Humus
1 HE P &
N51°53', E123°34' 691 HE LR E LR
NN e 701 Betula fruticosa s Ledum palustre Moss+ Humus
K 3 R - 2K T h I Ak & i
TR H b 5 85+ 1A
Meadow bog perma- N51°36 ,E124°16 691 L
. Ledum palustre s Betula fruticosa Moss+ Humus
frost soil layer type sep fh
1010l o1l R -
N51118°,E124°16 182 Betula fruticosa s Ledum palustre JE 7 it Humus
KA (L0 E e JE B BT+ ek
N50°40",E123°30’ 576 Ledum palustre ,Vacciniumvitis-idaea , Humus—+ Containing
Betula f ruticosa stonebrown earth
S A T 5 s e AT+ 4 2 B
oSE N52°49",E123°16' 583 Ledum palustre ,Vacciniumvitis-idaea , Humus— Containing
Mountain land type S
Betula f ruticosa stonebrown earth
IR AR Ji 5 5+ i+
N51°53",E123°34 706 Ledum palustre ,Vacciniumvitis-idaea , Humus—+ Brown
Betula [ ruticosa earth
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Table 2 Soil available nutrient contents and total distribution of V. uliginosum root concentrated
layer in the Daxing”’an Mountains
B Wi H HWHICE /(g + kg™ 1) Macro elements WA ICE /(mg + kg™ 1) Micro elements
Site type Item N P K Ca Mg Fe Mn Zn Cu
S
KA 4 4 R 0.203 a 1.002 a 0.341 a 0.862 b 0.052 a 96. 862 a 44,541 a 3.896 b 1.313 b
. Available
Meadow bog with "
soil type :[‘j;yi] 9.932 a 3.031 a 7.352 b 8.783 a 1.971 a 1081 ¢ 895 a 75 ¢ 30 b
P! e - A
R HL I - ﬁ)&.m 0.121 b 0.092 b 0.291 b 0.992 a 0.042 a 22.323 b 39.662 a 3.722 b 3.488 a
Meadow bog per- Available
mafrost soil layer ISy
; 5.263 b 2.101 b 7.563 b 5.121 b 1.831 b 1251 a 525 b 115 b 35 a
type Total
RS e - - - R
1 N 0.033 ¢ 0.083 b 0.253 b 0.751 ¢ 0.053 a 107.117 a 38.195 a 6.034 a 1.915 b
. Available
Mountain land -
i
type $;)i1 4.181 ¢ 2.162 b 10.194 a 4.371 ¢ 1.721 ¢ 1190 b 398 ¢ 136 a 30 b

T« S BRJE b A R /NG 58 38R 22 57 38 (P<C0. 05) .

Note: Different small letters indicate significant difference (P<Z0.05).
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Plant 1—4 represent Vaccinium uliginosum , Betula fruticoas .Ledum palustre and Vaccinium vitis-idaea. Different

small letters indicate significant difference at P<C0. 05 between same elements. The same below
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Fig. 2 Contents of micro elements in aboveground(A) and underground(B) parts of V.
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uliginosum and its associated plants
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Table 3 Correlation between associated plants of V. uliginosum and soil nutrients

Y135 07 +HEFE A A i JC £ Mineral elements of associated plants
Plant part Soil nutrient N P K Ca Mg Fe Mn 7n Cu
4 N Total N 0. 365 0.259 0.564 0. 289 0.414 0.353 0.592 0. 540 0.696*
4 K Total K —0.234 —0.226 —0.392 0.048 —0.214 0.189 —0.223 0. 155 0.476
4> P Total P 0.550 —0. 286 0. 205 0.295 0.414 —0.653 0.582 —0.138 —0.611
4 Ca Total Ca —0.487 0.115 —0.465 —0.228 —0.384 0.633 —0.542 0.414 0.429
iy - 3B 4 Mg Total Mg 0.421 0.052 0.632 0.369 0.516 0.257 0.468 0. 366 0.436
Aboveground 4x Fe Total Fe 0.368 0.460 0.413 0.374 0.212 —0.349 0. 206 —0.331 —0.435
part 4> Mn Total Mn —0.328 0.288 —0.569 0.321 —0.396 0.293 —0.512 0.636 0. 604
4> Zn Total Zn 0.584 —0.231 0.499 0.225 0.435 —0.755~ 0.714* —0.457 —0.706*
4> Cu Total Cu —0.290 155 —0.061 0.236 —0.434 0.216 —0.111 —0.749 —0.066
frz{;’fc matter —0.296 0.318 —0.523 0.485 —0.451 0.215 —0.463 0. 365 0.504
pH —0.690* —0.117 —0.839* * 0.062 —0.671~ 0. 660 —0.768* 0. 385 0.699*
4 N Total N —0.707* 0.198 0.027 0.271 —0.512 0.709* —0.230 0.468 0.615
4 K Total K —0.026 —0.181 0.388 0. 044 —0.341 0.202 —0.396 0.375 0.489
4> P Total P 0.488 —0.208 0.669* 0.327 0.282 —0.335 —0.221 —0.106 —0.321
4> Ca Total Ca —0.535 0.027 —0.042 —0.234 —0. 444 0.618 —0.190 0.628 0.858* *
R 4> Mg Total Mg —0.470 —0.211 0.235 0.333 —0.574 0.567 —0. 405 0.373 0.416
Underground 4: Fe Total Fe —0.055 0.548 —0.445 0.392 0.352 —0.218 0. 444 —0.636 —0.603
part 4= Mn Total Mn —0.751~ —0.020 0.090 0.287 —0.493 0.755* —0.241 0.510 0.666
4> Zn Total Zn 0. 654 —0.139 0.257 0.251 0.493 —0.655 0.082 —0.580 —0.871* *
4> Cu Total Cu 0. 105 0.109 —0.277 0.254 —0.169 —0.163 —0.015 —0. 464 —0.002
;ﬁ)rﬂli)?c matter —0.658 0.126 0. 064 0.471 —0.478 0.642 —0.245 0.291 0.515
pH —0.503 0.062 0.302 0.066 —0.799* * 0.735* —0.590 0.737* 0.855*
S I w x AR IFOR 0,05 10,01 BFEKTF . TR
Note:“ * ” and “ % * ” represent significance at 0. 05 and 0. 01 levels, respectively. The same below.
23 WR . EHEAE A Co SRS TIEAN K pH BEFIEML, 5 1S Zn 2 B35 7K
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Table 4 Correlation between mineral elements of V. uliginosum and associated plant Ledum palustre
2 7 R A A& Ledum palustre
V. uliginosum Ca, Mg, N, K. Cay Mg, Mn, Zny
K, 0.938** 0.907* 0. 684 0.902* 0.849" —0. 883 0.753 —0.672
Mg, 0.635 —0.939** —0.977** 0.741 0.768 —0. 883" —0.927** 0.761
Ca, —0.667 0.945** 0.874" 0.679 0. 896" 0.950"* 0.764 —0.711
Ny —0. 646 0.974** 0.840" 0. 608 0.875" 0.955" 0.764 0.881"
Cay —0.821~ 0.956** 0.815" 0. 857 —0.780 0.955" 0.845" —0.794
Mg, —0.739 0.817* 0. 505 0.637 —0.742 0.865" 0.528 —0.763
Mn, 0.495 —0.656 —0. 646 —0.627 0. 336 —0.575 —0.924" " 0.720
Zny 0. 544 —0. 846" —0.841" —0.702 0.535 —0.794 —0.869" 0.831"
W AR S R 134y X RR Y T . TR
Note:“S” and “X” represent the aboveground and underground parts of plants. The same below.
5 HHUESHEEVERTRTZEMNHEXXER
Table 5 Correlation between mineral elements of V. uliginosum and associated plant Betula fruticose
W A Lete Betula fruticosa
V. uliginosum N, Mg, P, Zn, Mg, Cuy
Ny —0.696" —0.749” —0.555 —0.881** 0.846* * —0.034
Mg, 0.577 0.695* 0,744~ 0.931** —0.856"* —0.026
Zng 0,877+~ 0.937** 0.594 0.835** —0.790* —0. 345
Cus —0. 406 —0. 365 0.204 0.329 —0. 446 0.691"
Py —0.455 —0.570 —0.783" —0.796" 0.584 —0. 149
Cuy —0.142 —0. 142 0.195 —0.288 —0. 480 0.728"
*6 BHHESHEEEVLAETRTZEANEXXER
Table 6 Correlation between mineral elements of V. uliginosum and associated plant Vaccinium vitis-idaea
5 37 e A 215 Vaccinium vitis-idaea
V. uliginosum P, K, Ca, Ca, Fe, Mn, Zn,
P, —0.987** 0.523 —0.257 —0.598 —0.997** 0.792* 0.712*
K, 0.965** 0.992** 0. 659 0. 399 0.976** —0.834* —0.765"
Cay 0.623 0. 645 0.983" * 0.798* 0.399 0.399 0.598
Fe, 0.996* * —0. 865" —0.802* —0.812* —0.982* * 0.987* —0.923**
Mn, 0.932** 0.762* 0.865" 0.579 0.987** 0.976* * —0.596
Zng 0. 645 0.231 0. 264 0. 369 0. 489 0. 489 0.994* *
Zny —0.788* —0.843" —0.876" —0.923" —0.879" —0.923** 0.933**
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5950 GHARICR A BRM N BAOKRE . S
RS 55 FE A A Al W 0 R DT R A BT R A A BT R
A -5 RO CR WA B R PR SC R .

3T
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LIS N et SN EANEN 1 RN i)

DXz o3 A s HAL A 41 0O R T R A R
HATB KRB IFRAAOE . 0 BT R 5P
A EACH S R A S X A E R A H A
VERT ALY A A 6 gl b b AR AT A R R R
WHoE R B S 3 RS N & & (3. 2~8. 8 g/kg) B
T AR (1. 0~4. 3 g/kg) s LM 4 #1358
TR SR AE L5 KR R R 2 ) 22 5 AN
MR V2 S A S T R 2 B
TR 3t bR R 0K R (A MU R R LR S R
(] 32 A7 A5 S0k 35 22 5 5 5 i BORs 55 F A R 1 i oG

AR A S AR R 22 UK HOAN R S %
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T B HAS B AN . Y0 TR R
VR T, HAR R R4 1 i o oA K &k
FRMETLEYT FoCER" . AU PR Y
54850 W F M e BB g7 £ 5 pH |,
Hi B8 oo R & &5 5 pH 2 A ¢, b
TEBRIEA G, TAT F S8R B T RS b b 2
gz + B PLR K pH S M, T &6 2 + 58 pH
Je4s Min &R SE R, H5 +88 pH 5 A e,
W B T RS R e R 2T S AT 43 A A
e AR 45 B S R TR SR AT IR
AR B8 A 5T
3.2 HAEYMEESHBETREINEXER

A WFTTHE L s B 5 T 2 AR K
VR b T e P A R A e R ) L KR A
R R IR P AR A ) N SR MO . AR F SR
B 2 0T A 5 L Pk AR R A I B R G R A AE
A AR — g 2. HPhikd S
RS K 2R E, B R K &R T
EERL EE A K SRS A K SR E
K HEDN AL T RE A RO A K S &, H 5% W
HAE ) K TR AR KR . Zn JTCERUE WY
Az A AR RO R 1 22 D RE R 1 T A A BF Y
FWT L T A A 1R e 2 1 0 RS X Zn i ]
KU AR BE G b e M 4L E Zn H RS
WY Zn E i A OG UL A T R 5 LR
M Xt Zo A U RVE AT AT AR dEHE X Zn . 5
Wb ks Mg & (0. 7~2. 0 g/kg) B Z A% T H AR A 4
P1(1.6~5.0 g/kg) KAL) R4 5 1100 Al L U 2
aE,2.1~6.7 g/ke)™ ™, WFFE A0 B Mg
B T BN T A 5 SRR BT R A K R AR
FEHVE B 5 S e R Mg B ) W B 9 A O
KM SRFIREHS Jo K 22 IR B4R 20 A 2 2 34
R4 E A 2 e A B S o 1 4 TR e LB
I () A% L il ) O 2R R T R L S A K B R T U
555 Y ) T R0 R 3R A B LA 2R R A S
MRS I AR R B BA —E AR ER

3 P o7 b 25 AF R RS S AR R B9 Mn
Fra R Hoh A A A T IR (374, 43 ~
740.5 mg/kg) A ¥ &5 F H Al A Py GRS B A
B Mn & iR 80~200 mg/kg) ™ BRK IR
oA AL AN TR Mn & R 2 T A
P, 5415 Mn &8 0 W CE, AF58£ W, Mn
Sl E R R Th T e HE Y
A2, BHLAR B L A BRI T i S il Ca, Fe 4%

JCE MW R kRS (750 ~860 mg/kg) 5
HAE AR Y (370 ~980 mg/kg) B[ IEW A K. K
LA X 1 Mn & 5 — i 2R RN,
Wi B ACHIE 5 v JL Rl K 2% 42 e by DX A 9 2% B 1) 5
Mn $ePE AT RE SAE YA B4 KA G, fEHA
BLAS Mn & B ST A 1 R e ME 5 4 19 Mn
R T RS Mn i He AR E . WA
P Mn BB Bl 5 R8T Mn 55 5 09 48 = 1 39
— H B R IR R L BR A 0 E ad — 5 i A HEFE
K2 409 Mn HEH AN, M FF AR Mn 19 3 3% 1E
FASY ST Min i 52 iR 4 SR Min 35 5 A9 A
N7 75 AR ML ] o 5 b b 3 R B 2R R R ) Min fHUR
R IR B A R E T R e I B A X Min (1Y
fitf 3% P 5 i AR AR AR O AT 2 — 2B T

4zt ®

R 22 W i DX 24 8y A R A A il ) e A
B FZL G A0 IR o A7 AEBCR 22 5%, Bk Mg oh, 8
ST RS B B TR R R T 3 MR AR
. Hop N Ca LR & RIAFIF AP 2~4
o EL2 ST A P R T R S IR Fe Zn TR &
AU AR 1/2~1/3 5 A 6] 57 3 55 4F 8 2 i
MRS SO O R S AR LR A
MES K & s i ar 2R b, Jedle R A 9 KO3y
LB Mn 5 R BUAH B I MRS S O
AP B0 BT R ARV R EAE . B S AT
PEAAEDI I G R R A HZFHK Zn LR T2
[ IR A S AR . s 5 P AR A ) % R
Or AT R R AF A 22 s H R 284S 4 pH A ST
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