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The variation of soil potassium content and its influencing factors in

plantation of Pinus sylvestris var. mongolica in sandy land
LEI Zeyong"*?, LIU Chang', WANG Guochen‘, ZHAO Guojun‘, HAN Yangang'’,
WANG Sainan', ZHOU Fengyan"*
(1. School of Environmental Science and Engineering, Liaoning Technical University, Fuxin
123000, China;2. Institute of Degraded Land Ecological Remediation, Liaoning Technical
University, Fuxin 123000, China;3. Fuxin Development Research Institute, Liaoning Technical
University, Fuxin 123000, China;4. Liaoning Research Institute of Sandyland Control and
Utilization, Fuxin 123000, China)

Abstract: To investigate the effects of vegetation recovery on soil potassium content and availability in sandy
land, a combination of field sampling and laboratory analysis was used to study the distribution characteristics of
total potassium (TK) and available potassium (AK) in different soil layers of Pinus sylvestris var. mongolica
plantations in Zhanggutai, as well as their relationships with stand and soil factors. The results showed that soil
TK in Pinus sylvestris var. mongolica plantations increased slightly with stand age but was not statistically
significant, while TK in low-density stands significantly decreased. No significant differences in AK content were
observed among stands of different ages and densities, but AK exhibited a pronounced aggregation pattern in the
0-10 cm surface layer. Stand factors, except for crown width, had no significant influence on AK variations. The
0-20 cm, 20-40 cm, and 80-100 cm soil layers were positively affected by soil water content, available
phosphorus, and total nitrogen, respectively. The results provide a scientific basis for soil fertility management of
Pinus sylvestris var. mongolica plantation in sandy land.
Keywords: soil potassium; Pinus sylvestris var. mongolica plantation; stand factor; soil physicochemical
properties; sandy land
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BO(K) MR RGO EE M) E R
RZ—, 7oA TS R 4 5 A2
JERM Z H A . AF BRI 1Y% A6
AR A 2 R A TS R, O A A DL A R
FHU2Ys B3 ok 24 45 200 M R R A2 388 R 458 il /K O
B, RTHHY BRI BIE S 5T Y
RN, R R A RORHAD S R T R
fiz it tah, 5 gy HAth T 2 A BAE
., Sem R ks A s e, ()
AP FE AR A B R G i fiti it . 2k BRI
b Ko i A5 5 T R A AR Y, AR RG]
FIHAPAR BB, MYt MAERKAS . it
el W R AE R R G R & ARk
ZZMAREm, WEAERRGERRA . .
TP AR RE BRI AE R RS,
TR R 2 R R B, AR ARV AR
By X AT AP, Z A% (Populus
gansuensis) S5 N T ARAGER & & T X AL, 1
BRI AR . FE[R— R AE R R G A
L RS A R BE RS A 0 5 S RS T
EHR, A, EBRGE D S T YEE
AR BEAR | ki R LA S AR it v B e 1
W RIS R, WA S A R AR
Tk BT AR S R 2 T TR, W
T EERTH . A BT =Y. pHEY . KSR AL
&, BONER, REMERMESRGE PHhiEE
it E R A, HHZ 3RO E A LA
(N) Fggh (P) &9, HERIEAESNHE N W ) ARy
BRI TD Hb - PR 5 e 0 28 Ak 0 bR S 1 £ B A=
KAV AR A S R G R R E 2 CEZES, KL,
A BRI GERF R0 VD H N AR - BEE5 5 1Y
AR S LR e R 2R

¥i¥-#5 (Pinus sylvestris var. mongolica) N T.
MR RID V> M Z AR AR S R, b EdL
D5 (R0 b 36 BRFN A K5 v e 454 B E T, Ry
B O N TR AR KO & 48 B R AR B AU AR
HErC R g2 mmatss, s A Tk K
A HEEWES, YRS ERITRISM. K
AR N AR B RIR B HORET | i i
Biat . A As fem i, DA K A Ak v B AR Ak
SECOR BRI, RS R RN HEE R OTRA S
AR SR PR 3R B RIESR AR B =

FET U, ASCRAFE G M XA [F] AR 4
AN TR AEFERS G, 2R FH B AN BORE 5 % N I
FHEE G, o HrbRchl + 880 5 5 1% 28 AL RRAE

LA T, SIEA R B B 1 Fs N T AR
e R AL, RS R S AR s
MR R - B - ERRAL M DG R

1 RIS 7 %

1.1 HIRE#HR

WF 58 XA T30 72 48 V0 36 #1509 BT 3
W B MY (42°397 ~42°43'N, 122°23' ~122°
33'E), ik 225 m, J& T iRy KRB EZE
A . 310 4FF- R K i 483.63 mm, JL
6 H—8 H B /K a2 4F S 1 67.0%; 4EH 78K
N 1762 mm., FFHRI K61 T, mEA
(1H) PRI H-1291C, &BEH (7TH) ¥
AR H23.58 °C; RTET S CHMMIR2 570 C;
TR N 150~160 d. HEIKIS K TF, K
i 2 + 58 pHAE My 5.57~6.1209, 1Z M AR 2 Pk
/R I N S ook
(Agriophyllum  squarrosum) . Jk W Z& & %
(Potentilla anserina) T AR R (Cleistogenes
chinensis) 5P, % Hb X Vb b B 1 N T AR 8 ST
T, H A B 2 Ay [ VD b 55 > [ e Vo
1.2 KEIET i ESTHIEFRRE

S FEAN [ MRS B BEAR £ AN TR L 8P
M AR IR, BEHRA IS AR . S PRI Bk = A~
MRS B B VR A SEXT 5 o [RIA, R 28 28 ko3 % i
PR R A, FE AR AR B AR
(RPN B ), 8 BT 34 %5 3 5h 420 N/hm?
1) BCAMRIEAT X L . T R R B AR L T T
Hb 3 35 R FH AR 9 T 55y 5 PR B AR A L TOAR
T M A o AR ] IR A5 s o b e 5 D )
I B 21 Bepn b (P 2 AR s e . ik e
Yo, dmaubkede . pERR 4 H) B HebR v b i AR
20 mx20 mo AR A B R A SRAE T B R
MK T, BARGEEWLEL,

R DHETFHAIHGEBERESE

Tab.1 basic information of sampling plots of Pinus

(Lespedeza daurica) .

sylvestris var. mongolica plantation

GRS Mla MROMEIE/(N-hm?) PHWE/m 87%/em

1 13 625 3.33+£0.60 7.43£2.15
2 13 975 3.36x£0.45  7.17£1.60
3 13 1175 3.44+0.68 6.67+2.03
4 13 1425 3.82+0.57 7.36+1.66
5 13 1625 3.66+0.61 7.27+1.93
6 25 500 7.40+0.96 15.80+2.61
7 27 750 7.55+0.80 14.44+2.85
8 25 1050 6.69+0.71 12.41£2.39
9 25 1175 7.80+0.88 13.12£2.26
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FEHb S Mri/a  MROMEE/(N-hm?) PR E/m 1E/em

10 27 1250 10.23+£1.54 14.79+2.88
11 25 1675 6.73+0.91 11.05£2.79
12 42 350 11.44£0.99 22.64+3.05
13 42 750 12.31£1.25 20.19+2.74
14 42 825 10.35+1.12 17.62+3.68
15 42 1000 10.30+1.10 16.63+2.48
16 42 1200 10.73£0.93 16.65+2.09
17 42 2875 10.56£1.20 12.27+2.27
18 56 300 12.43£1.30 23.67+3.78
19 56 400 12.91£1.33 22.23+2.57
20 56 450 13.38+1.23 21.80+2.84
21 56 525 12.27+1.00 20.48+3.53

TE U A AR MEH N SR T AR S T A, I -3
Wade . SFIR A A e, T I e PR A
TER R IE E BIPREARRTE (FEEM T 1 mih), 12
P . WA I may B EERITH . 1 200 cm®
JIAE 2 JZHH 0~10 cm, 10~20 cm, 20~40 cm ,
40~60 cm, 60~80 cm, 80~100 cm ¥% i &b R £4E
JOR B4, REZER 3R R AT BN A%
FASE B, A RIS = T A A A
Tk R, 78RR bR v P B AL L S AR
M, e R HTE 0~10 em, 10~20 cm, 20~
40 cm, 40~60 cm, 60~80 cm, 80~100 cm ¥ &
KRG 1M L HERAE DR S5 = KT,
LR A PRI R AR . TS, ORAE TR A
H, F T AR
1.3 #HoEFUE

DO Tiry el AN B (s o W R < UL DAl = R G ) ]
& EXIM E AAR XS (relative spacing, RS).
Horpr b RS R 0.1 m A T AR AR AL (P
FHERD1000, SE[E ™) Wl A A M7 Mg
JUMN 7 5 A% 74 ek iR R0 e It e s 1 P A RO 4
T A ) R AT ) 3 R S A AR TR AR
1.4 TEBUEFUNESE

SR HE 00 0 A e RIS OR L R
Tt 7L 4 A ORI 73 HT L (LA-300 HORIBA)

M ORI I 70 )R FH E 4% IR A0 A i 3 - A1
INEAGE |« IR - E R R Ak T E - A LA
i, Rl S R SRS ROE T AT
FE RS, SR RO I RE e
A&, K NaOH 8 -4 86 bt LL (L7k I 7 1 4
WA, RHINaHCO, 2 5E + s 20 5 &
>R F NaOH 8 il - KK JCBE 5 e i, R
FANH,OAc R4 - K0 E 10 5 - s 0 35 1
RHTRLALIE I 2 L pHAE . 4% S D T A I 5
FITFEE 7 1 WL SCHR[33].

1.5 HIEAE 55T

fifi I SPSS 20.0 A5 4% Wie 42 2] i) &5 4l i 4 7 48 1
ST FES it AR, SRR 25 40 AT Rl o
N ZE I, KR A R AR RS SO [F]
R E) 2SS EmER R EE, B
WEMEIK 0=0.05 LA KA B K a=0.01, £
K, JrAT ARy 7 A 3 R 8 2 25 A 1B &
oA, BE— 2R DR 1] (1) Pearson #H ¢ R %K
BiR v o N E o D i RS e ot i U G P T
MHXKFR (P<0.05) MIMITRFF L3R T, 4T
PRl CGRNIH—4k) AbEECY, RS, 433dsr 4
R R R 1) 22 e R [l AR R RS R
T SR FH I A5 18 UH 43 #r 0 18 52 1) 25 1= 2% 4= 4 sk
B G -, TR MRS W B B T 22 1
KHEF (VIF) /WNFSHRT. i, Tk
MO, FIHZR ik (AHP) 1PAL 45 B
T A A S A AN B A

2 ZBER

2.1 BEFRMAINRTELHEETL

H 2 TIH, VbR A A AR A 5 i A
AT (13.83+0.84) g/kg~(21.211.08) g/kg Z [0 . 1E
0~60 e -2, AP E i BEE MBI K2 F
A, HARRE (P>0.05), /N FBE Y R 2R i
FLT H AR (P<0.05)

®2 FAEEKMBEEFRAIKMTESHSEEREEE

Tab.2 significantdifferencesinsoil total potassium contentin Pinussylvestrisvar.mongolicaplantations atdifferentgrowthstages

TR K /em W/ (g-kg™)

s RR/(g-kg™)

IERR/(g ke ™) T (g kg ™)

0~10 18.61+1.00Aa

10~20 18.96+0.60Aa
20~40 19.02+0.32ABa
40~60 19.56+0.42Aa
60~80 17.97+0.37Bab
80~100 16.35+0.62BCb

20.58+0.85Aa
19.93+£0.64Aa
22.19+1.76Aa
19.42+1.08Aa
23.19+1.76Aa
23.25+1.40Aa

21.21+1.08Aa
20.55+0.96Aa
20.89+1.09Aa
20.55+1.06Aa
20.45+1.27ABa
20.07+1.20ABa

13.83+0.84Ba
15.68+1.17Ba
16.07+0.34Ba
15.78+0.45Ba
15.99+0.73Ba
14.46+1.23Ca

R RNG TR A MR R[] )2 2 ) 22 S R RS 5 B2 [l — L2 R Rl 2 ) ) 22 55 351k (P<0.05)
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2.2 BFMAIMKITERIHESETK FTF20ecm Ll F& 12 (P<0.05), 7E20cm AT Y

AN TRVAE A i BERS F-Fis A TRk - S5 R0 2 i
ZESWEMENFR3. AT, VD HAR TR N TR
B HEOM (22.1941.80) mg/kg~ (48.29+8.51) mg/kg,

HAMFR LZRET , AR AR 53 18] 77 321 20480
mIEEZES . R, S SRR ENE

2 EERE: 0~10 cmil?:iﬂ’h_sdz%fﬁ Ry

WIE LR, RIS ) LR 45 4 )2 2 T B3R AL
PSR IR E R, RFWEZ LR E S
G AR L 5o R e B H BB R

IMEMEM, HREZEZEREKRKIKR K 024%,
0.18%. 0.14%. 0.13%. 0.13%. 0.13%, FJZEMH

RO L TIRR

®3 TREKMREFRAIMBTERIHSEEREEN

Tab.3 significant differences in soil available potassium content in Pinus sylvestris var. mongolica plantations at different
growth stages
+HEZ K /em B M/ (mg-kg™) R R/ (mg-kg™!) VMR (mg-kg™) WM/ (mg-kg™)

0~10 38.5742.41Aa 43.47+4.23Aa 38.73+1.47Aa 48.29+8.51Aa

10~20 32.81+3.34Aab 32.86+3.55Ab 31.69+3.61Ab 34.34+6.42Aab

20~40 25.7+1.82Abc 27.86£2.91Ab 27.55+1.45Ab 26.77+3.25Ab

40~60 25.39+£1.99Abc 24.16£2.17Ab 25.51£1.02Ab 24.4+3 9Ab

60~80 25.68+1.72Abc 23.95+2.17Ab 25.34£1.15Ab 23.09+1.81Ab

80~100 24.04+0.59Ac 24.1+1.49Ab 26.07+1.7Ab 22.19+1.80Ab

NG TR R Rl — MRl AR )R 2 ) 22 5 B T RS TR RORIF] — LR AN R bR 2 8] 22 55 B E A (P<0.05)

2.3 TEHETUNZWETF

E Ry SRR VY EPS o N (ﬂiﬁﬂfﬂ)
RSB 5 R P R W e R IR AR O . AR
x4 TERIELHAEE

e RIS A 5 4 S O e DN A A A
KM, HRZ R AR A 04 S B A 1 Bl = i R i AR
fb, W3k4. %5,

EﬂCE’JE’HI‘J?@Uﬂﬁ’fﬁ&?ﬂ‘]*ﬁﬁi%ﬁ

Tab.4 regression analysis of influencing factors and relative importance of total potassium content in each soil layer
+Z/em T AL ek REAMHE e T P VIF R AR TR/ %
TK40~60 0.936 0.168 5.565 0 1.971 0.863 53.31
010 TK20~40 0.333 0.124 2.678 0.016 1.882 40.47
10~20 TK40~60 0.704 0.106 6.614 0 1.025 0.791 71.11
ANO~10 -0.427 0.111 -3.862 0.001 1.025 28.89
20~40 TK60~80 0.697 0.125 5.565 0 1.000 0.620 100.00
40—60 TKO0~10 0.648 0.076 8.495 0 1.022 0.818 83.74
TN80~100 16.047 3.835 4.185 0.001 1.022 16.26
60~80 TK80~100 0.693 0.068 10.171 0 1.398 67.78
TK40~60 0.459 0.112 4.097 0.001 1.399 30.43

S TKCH T8 TN TR AN T 383 MUA ; TK40~ 60183 40~ 60 cm )28, 1 )2FRIFHE IR AHXT BTk N T 10% ARSI A
x5 ITERIEERIHESETUNEZMETFEESFEEFHENEES

Tab.S regression analysis of influencing factors and relative importance of available potassium content in each soil layer
+JZE/em T A i AEAGHE peifERE T P VIF R AT TR/ %
AK10~20 0.602 0.059 10.276 0.000 1.628 0.978 45.900
0~10 SOC80~100 2.138 0.186 11.498 0.000 2.217 23.520
SWC0~20 66.355 23.043 2.880 0.013 1.565 11.964
AKO0~10 0.664 0.095 7.024 0.000 1.101 0.827 71.166
10720 SWC10~20 165.100 62.470 2.643 0.017 1.122 21.421
AK10~20 0.458 0.063 7.244 0.000 1.010 0.807 72.758
20~40 CWEWmax 1.442 0.481 3.000 0.008 1.003 14.562
AP20~40 9.611 2.941 3.268 0.005 1.008 12.680
40~60 AK60~80 1.094 0.119 9.159 0.000 1.000 0.815 100.000
60~80 SWC20~40 101.272 44.692 2.266 0.035 1.000 0.213 100.000
$0~100 AK60~80 0.669 0.071 9.479 0.000 1.384 0.936 84.640
TN80~100 22.011 4.475 4918 0.000 1.732 11.446
E AK Ol HHERE ; SOC - HEA LR ; SWC oy -+ 4 5 /K 5. ; CWEWmax S 4% P el i (14 35 A0 3 AP O 200 5 TN SRy s 480 AU Sk o/

F10% AT A o
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BABIFE 5 20~40 cm JZ{U3Z 60~80 cm JZ Y 4
BSR40 ~60 cm JZBR3Z 0~10 cm JZ 48
SHEMZAN, £ 80~100 cm 2 HIE AR S H
B2 3 60~80 cm JZM|3Z 40~60 cm, 80~100 cm
ZEEfRm . (HAFEENE, 40~60 cm 24
B B2 0~10 cm Z &M H9 RSN (X TRk
83.74%), HAe+ 2N FEZHHELEZE (60~80 cm
a7 80~100 cm) A8 R .

TRLER 19 AR AL A2 B 2 R B2 2% o AR
TR KTE, BT 60~80 cm 2L 20~40 cm JZ
HIEE AR WAL, HoAth 4 2 A AR L 2
Z B FHAR - 2R S R R . AR, 0~
10 cm, 40~60 cm 2 FZ 52 J5 1 )2 #8508 1) 52
My, 1 10~20 cm. 20~40 cm. 80~100 cm 2%
PR 2ok @ Lo )2 B . kA,
0~10 cm JZif EZ 23] 80~100 cm JZ 1+ A HLAK
F10~20 cm )2 L HEF KR ; 10~20cm JZib
FEZ LIS ACRIIFLI ; 20~40 cm JZ 52 B0
FZR PO Sl i e KB OS2, — 35 A9 R G BT ik 6 40
SR 12.68% F1114.56%; 80~ 100 cm 2 14852 4 A )
AR
3G i
3.1 BEFHMAIMI LEEETHRIEN

e A R R R S A 2 R
o, XEMHNEEARMXFEREES, B
S e I S ) S Y, RS R A,
FEVPHRE FAs N TR, 308 S B0 5t Bl PR 14
K Th s, (EAREE B A AR G 4 0 5 B AR RS 1Y)
AR AR . X2 FRHR I U0 Ho R ARk 3800 4
BREHIRTR TR BRI, FE A, JH7EY
O3 AR B AN FER RS, % M X R A B
FE R aERRER - WA, A Rk DY A R R g
¥y, Horba sy EE S, WEB S KA, I
SHVBEASRE, 2 1B L Y& BRI,
T YR iE R, A sfbetE e, AR
S 58 1ac, N B ILE AR E; K
GETY (HIFEKAMBHA) B IX 15
PR R ZORTE, 1 E B RN A s B R R
BET /DRI, A5 X AP TN R T
4G QM AR, 1E AR SR

B T R AR R R Y O, 2 5 SR
A, SRR SRR QRN
REEARR N, (R, IR A B SR
BT AR AN = B AL B -5 08 ¥ ) 00 i
R U3 A5 22 T, 92 A ) A M A T O R A S
e HEHE IR, RIAMR M AR ThH,
TSN HAE D T, R e
B R

V0 MR 78 A AR BT KB BE, 0~60 cm
TIRR RS R A RE A, R 2. R
WE AR BE, R0 A R IR AT % o3 T AR 45 K £
wEHRA . HE 0 YRR 8 7% 73 ik Y
b AR QR P . BEE MR AR, ARAR X
BT RS G, AR PR DX B e AR 3 v Y
PR, el R A B A LT i
(R Ak ey, TR BT 2 AE M A B . X
— PR T e S R, MRAER S
EO R P BE S AR IR AR T I AR
M FOC IR | DR S, LRI YR
WACAERT, HI55 e  pg E R 20 sk, AR
W3 1 h T BUCRHER R pHARRRR, 2E— Db+
S e O N TIC i B = N3 N B2 7/ B g |
i P BREEREAN , AROE R Vi ) 2 6 R K B AR A
PSR T ARG R LI LA B 2 ) P R S [A)
YERR . Vb ¥ha AN ARAY 3 40 5 i S A
AR S AR

YR i AR E e B Bem, A A
FREFETE, AKX ARy REE
B i B AR AN N AR M, Wk 1.
TR A DA R AR, AR R R RS, ok
T R HER AR BRI B ISk, B AR
7 A R T e L, T 7 03 A U Y B
RN REAR . [RIE, i B R A o i AR
N R ARV, P T ) Y
B 2R b, SRR AYAR A A B T R
AP E R A RERE , i R I Y AR T 2 5 2
SR oeliigdTE i

T HUAE A N TR A BRI [ B i) - S8 a4
HRETREFEER, HYLARFMNERREAL,
X RS A [ XN TARBF ST 451819 — 3,
AR A R R EEEE S, HOR IR
(ORI S PRSIV E S DA R AN T 7/k DN
PRI UR R o SRS, LR B i R X I
LA T, R A R BN R
FRCRERT 5 & BRI S R, R 2Rl it
SR AN RO AR Bl K Mt i £ 2= [ AR B F1,
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PR TIMRARET A F 0~50 cm -2, JoH
TEFZAARTAE AU H 2 37 W bR RV 0 o3 fi 1
PRZAR S AR L1 RZHEAMH S B RS
TWRIZE . RE U 300 508 8 M Al 45 bRis 3 3%
BRSO, (HAE TN BRI AR &R
M4 Ik B AR R 48 M B R W AR e
WS A Z R G 1, R R A A (R A B
TAREIEE A K
3.2 BEFMAIMITEWZSETHSLERTF
X7

Vb AR A N TR 384 22 R i R P o 2
B DX SR S S i MO IR TR O
T TR 5 R G T e e A K 2 i 3 OE A G
(WK S5) o X—FEREA T/ 7 BT SR
FABREFIAZ AR, X5 F b T S Fa bR R E 5
kb DX AR A0V P RIS F-FA N TR A5 IX 1158
SRR, KA EE2E T R
FRUE . SE T TN IRA S AR R Ak
AR B A B R A R, HE S AR
JEE YA V5 B 55 T Uk D RE R RS, X AR R T
R R T (- (AN E:E S i Y €
5 2RV e 0 e KABL A IE el AH OCHER B, MR A K
& 1 1 et MR 4 S T Ao G 5 A T A P RN O T 0
AFET L BE RSO o i, IR MRE A B R A PR AL
il T BE 2 VD R 1~ HA I W 70 AE 35 1 T RS

WS KB, VbR AN N TR L e R 5 i
ke HERN T2 B EH M. &2 &
FEZMS L ZH T ENEmW, RPRRDH L
ek F R, (HAR TR A By W A
TETG BR AR AL 78 . — J7 1 32 28 W6 4R H] SR JZ AR
FOTATIKENT RS | AR S A S U
W B - B E AR Z R Z TR 55— 7,
TERETR R AR, o 5 bkl RO V& 4 o i R T R
B 5 1 N AR R R SR IR 3 A 398 )
HRIE N B A, AR T RS
125 8] 53 5746 JRi o

TSSO 1) AR A B A7 1R 4 4 J2 3 AR 11 52
G, bz HMERNEW, B, HESKEE
e e PN T IR 2 471 B o7 FIO B =l el O K
Bl R R AT BRI R AR R Z A R A
X5 5 R SR BFgT e — 8. e s T,
0~10 cmJZ M1 10~20 cm JZ A S SCET AR Ak 32 2237 5]
T AR S SR, 1 20~40 cm JZ2 ) 5
2523 Lo L2 S e . R LSRR
B8 Al T A A T e P R AL RE Y, Hik,
HHURR 0 & &% 0~ 10 cm J2 B P WA 3 1F

]I o X 2 R AR 10 A K 4 58 ML 3G i
PETE T PR . SREFRUR I A RE U 1
W, RIEFRLE 8 B LR
M AR4L, (E otk /N, BFIR R, Bk e 1 15
ELA 0 BRE RN B8 P T RO RE 2, I 0~10 cm
ERRLE EbR R, e BIIR 2 B B R T A A
B, WRIZMFORLE S, WM AR RS,
MR R T A N A e, R)ZE B AR TR
A o TR A E O R BIR R EC, 5
A, 35 R R R R L A pH (RS Ak 2 1 AT B
52 0 A 90 145 sl N 3 0 B () 2 52 i) R 1Y B
Y Ba, BEEFRS, WESwE . LR
AR H MR W AEA R 2 sl
BB AR = A — B, JEHJEAE 20~40 cm 1Y
WA Z B8 . B UE R 80~100 cm IR)Z AL .
BREREGEIE . TR B T REE S L P AR |
RGBT RN, RTINS, BIKT
IR BRE TR, DR L kT
(AR, ol A0 B 255 ) B MR IR IO B 1 R 34
T, 23 S MR 0 T,
A IEVW, T TR R A R XSRSy
22 8] B AR E A FH RS- Al A A KR SR ) =
KT, E AT AT S A R A 4 % A ) I AR
FHRCR R 52 ) 4 O 1 s 248 AR 7 o
(%) 7 VG e i A0 i b e e 45 48 bt X R 2 - 2 iy
HOELER AR s, A E AT AR STk o
X BB FE AR 0] GBS B T AR FR 1 40 A 5 (30 RN - 3K 4y
RO, DI 2R 19 Bl 2 7= A — R (s i

M, SRR AR Ak R 22 R R R AR Y 2
B, WREHESKER, HEAIRSE ., LY
FEPERR . A B A K IR RS LA T 1 .
X8 K 738 a A R B9 i AR AL A AR, SR
YE T R sh A AR, Rk, MTH
B R = U b AR A N TR R AR Ty, R
BEER RS+ R, IR BUR N Y £ 14
PRt

4

(1) VbR 5P N TARAY A X 1 S 4 40 A
A SRR E RS TN, Wanis
NSRS S R R AV NI /Sy T E N

(2) Vb s B 2% AR N bR 4 S i 0B 55
wILEFERER, HERHM T 0~10 cm KR JZE
RAFIE.

(3) EEACHZ LT AR ALK & 2570
iR 5 AR DR SR 1 e i {5 T A
WFIEME, HARFEFRX & 80 B #F R 0

TTFITRERARKRZZR (BARZEM)

M3k . http:/fxky.cbpt.cnki.net



552 AT IRBRKRFFR (8 RFFIR)

% 44 %

AR5 PR 3 %5 B 31 (W) 20 D0 AR A O Y 1 138 8
A BT B2 T VD M AR P N TR A 1 R R b
A% U R s
£ 2 3k (References) :

[1] TRANKNER M, TAVAKOL E, JAKLI B.Functioning of potassium
and magnesium in photosynthesis, photosynthate translocation and
photoprotection[J]. Physiologia Plantarum, 2018, 163(3): 414-431.

[2] URBINA I, GRAU O, SARDANS J, et al. High foliar K and P
resorption efficiencies in old-growth tropical forests growing on
nutrient-poor soils[J]. Ecology and Evolution, 2021, 11(13): 8969-
8982.

[3] ANDRES Z, PEREZ-HORMAECHE J, LEIDI E O, et al. Control
of vacuolar dynamics and regulation of stomatal aperture by
tonoplast potassium uptake[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2014, 111
(17): E1806-E1814.

[4] BATTIE-LACLAU P, LACLAU J P, BERI C, et al. Photosynthetic
and anatomical responses of FEucalyptus grandis leaves to
potassium and sodium supply in a field experiment[J]. Plant, Cell &
Environment, 2014, 37(1): 70-81.

[5] GARCIA K, ZIMMERMANN S D. The role of mycorrhizal
associations in plant potassium nutrition[J]. Frontiers in Plant
Science, 2014, 5: 337.

[6] P\ H Bh, 2=/ NIl 5 G5 . 38 00 3R e Al 14 52 ) PR 3R K HEBE 5
JEI]. Al R4, 2007, 26(6): 907-913.

CONG Rihuan, LI Xiaokun, LU Jianwei. Advances in research on
influence factors of soil potassium transformation[J]. Journal of
Huazhong Agricultural University, 2007, 26(6): 907-913.

(7] BERIR, 2/ NF-, ESOR, 55 . A - LR Geh S B I M HAg |
VEFIRFFTERET]. £4E, 2019, 51(1): 1-10.

XUE Xinxin, WU Xiaoping, WANG Wenbin, et al. Progress of
potassium, magnesium and their interaction in plant-soil system[J].
Soils, 2019, 51(1): 1-10.

[8] EPRON D, LACLAU J P, ALMEIDA J C R, et al. Do changes in
carbon allocation account for the growth response to potassium and
sodium applications in tropical Eucalyptus plantations? [J]. Tree
Physiology, 2012, 32(6): 667-679.

[9] CHEN B Z, FANG J C, PIAO S L, et al. A meta-analysis highlights
globally widespread potassium limitation in terrestrial ecosystems
[J]. New Phytologist, 2024, 241(1): 154-165.

[10] 4 B, 25/, 50158, 45 TSP 308 78 152 i X R B 5T 3k

JE[]. 13, 2012, 44(4): 548-553.

ZHAN Liping, LI Xiaokun, LU Jianwei, et al. Research advances
on influence factors of soil potassium movement[J]. Soils, 2012,
44(4): 548-553.

[11] YOU W H,YIN J Q,LIANG C,et al. Integration of machine learning
and VIRS for soil potassium content prediction[J]. Communications
in Soil Science and Plant Analysis,2025,56(13):1995-2010.

[12] B o, R T, BB IE, 45 . 1 22 A FIVD AR IRV XN Tk
IR BRI []. K L5244, 2010, 24(1): 176-180, 185.
ZHAO Zhigiang, BAO Yaoxian, LIAO Chaoying, et al. Soil
potassium characteristics on planted forest in the northeast sandy
area of ulanbuh desert[J]. Journal of Soil and Water Conservation,
2010, 24(1): 176-180, 185.

[13] ESBrR, sZiE e, 22N, 45 . Jbat S P IO [R] AR il A% L AR
HHEFRALE D). N S SRR A )2 4z, 2018, 24(2): 221-229.
QIU Xincai, PENG Daoli, LI Weili, et al. Soil physicochemical
properties of Pinus tabuliformis plantations of different ages in

Yanqing, Beijing[J]. Chinese Journal
Environmental Biology, 2018, 24(2): 221-229.

[14] AERTS R, CHAPIN III F S. The mineral nutrition of wild plants
revisited: a re-evaluation of processes and patterns[J]. Advances in
Ecological Research. Elsevier, 1999: 1-67.

[ISJHUSTON M A. Precipitation, soils, NPP, and biodiversity:
resurrection of albrecht's curve[J]. Ecological Monographs, 2012,
82(3): 277-296.

[16] LT X, HE N P, XU L, et al. Spatial variation in leaf potassium
concentrations and its role in plant adaptation strategies[J].
Ecological Indicators, 2021, 130: 108063.

[171BARIBAULT T W, KOBE R K, FINLEY A O. Tropical tree
growth is correlated with soil phosphorus, potassium, and calcium,

of Applied and

though not for legumes[J]. Ecological Monographs, 2012, 82(2):
189-203.

[18] SCHLESINGER W H. Some thoughts on the biogeochemical
cycling of  potassium in terrestrial
Biogeochemistry, 2021, 154(2): 427-432.

[19] CORNUT I,LE MAIRE G,LACLAU J P,et al.Potassium limitation

of wood productivity: a review of elementary processes and ways

ecosystems|[J].

forward to modelling illustrated by eucalyptus plantations[J].
Forest Ecology and Management, 2021, 494: 119275.

[20] REMI IR, T2 50, WIS, &% . 81 B 75 L 3 o 0% BEE R 1 5
2EWFFTHE R[], AEASPRAR, 2003, 12(1): 115-118.

XIONG Mingbiao, LEI Xiaozhang, TIAN Yingbing, et al.
Research progress of K adsorbing-desorbing kinetics in soils[J].
Ecology and Environmental Sciences, 2003, 12(1): 115-118.

[21] VITOUSEK P M, PORDER S, HOULTON B Z, et al. Terrestrial
phosphorus limitation: mechanisms, implications, and nitrogen-
phosphorus interactions[J]. Ecological Applications, 2010, 20(1):
5-15.

[22] B0z, BN, SRR, 55 ORI Lt R 7 s R R 2

RAT RN AR R IO V0 H g 2% 0 I [0]. HP R DR R (P 3
), 2024, 22(1): 122-130.
CAO Yili, LYU Gang, ZHANG Xueli, et al. Soil potassium forms
and availability under different land use patterns: taking the
southern margin of Horqin Sandy Land as an example[J]. Science
of Soil and Water Conservation, 2024, 22(1): 122-130.

(23] ARHCH, VPSS, R, 55 IREE . pH KT 5 XD R 14
SMERARTE A I REMA )], AR 257253, 2005, 24(12): 1375-1379.
ZHU Jiaojun, XU Meiling, KANG Hongzhang, et al. Effects of
temperature, pH and drought stresses on ectomycorrhizal fungi
growth in a Pinus sylvestris var. mongolica plantation on sandy
land[J]. Chinese Journal of Ecology, 2005, 24(12): 1375-1379.

[24] FEH, HEYT, JERE, 55 07 5l G KA [A) A i AR 16

[ 70 AR 4 39 pHAELAY R I [J]. A2 25224 3, 2019, 38(11): 3264-
3272.
LEI Zeyong, BAI Jinning, ZHOU Fengyan, et al. Effects of Pinus
sylvestris var. mongolica sand-fixation plantations with different
ages on soil pH in Zhanggutai, Liaoning Province[J]. Chinese
Journal of Ecology, 2019, 38(11): 3264-3272.

[25] FERH L LT R SR AN TR Y i 5 E IR TR
WIAEFFE[0). AR AE 252 5 MU A 4 AT, 1985, 9(4): 257-265.
JIAO Shuren. A preliminary study of the biomass and nutrient
elements distribution in cultivated Mongolian pine forests in the
Zhanggutai region, Liaoning province[J]. Chinese Journal of Plant
Ecology, 1985, 9(4): 257-265.

[26] SONG Z L, CAO X L, HORNG T L, et al. Selectivity of the KcsA
potassium channel: analysis and computation[J]. Physical Review
E, 2019, 100: 022406.

TTITRERAREZZR (BAREM)

RI1IE . http://fxky.cbpt.cnki.net



%54

FED, FORBETRAIRLRENELEFA 553

[27] AR, JUCE, VEEF, 55 RTINS AR R AR BRI

(7). B A=A 241, 2002, 13(1): 1-5.
ZENG Dehui, YOU Wenzhong, FAN Zhiping, et al. Natural
regeneration of Pinus sylvestris var. mongolica plantation on
sandy land[J]. Chinese Journal of Applied Ecology, 2002, 13(1):
1-5.

(28] Ji 2&°F, H P9, X R4, 45 . 5 HUS XS Vb R AR s 2R IR

). TR XS, 2018, 35(3): 653-661.
ZHOU Yanping, LEI Zeyong, ZHAO Guojun, et al. Impacts of
plant diseases and insect pests on tree height growth of Pinus
sylvestris var. mongolica plantations on sandy land[J]. Arid Zone
Research, 2018, 35(3): 653-661.

[29]ZHOU Y P, LEI Z Y, ZHOU F Y, et al. Impact of climate factors
on height growth of Pinus sylvestris var. mongolica[J]. PLoS One,
2019, 14(3): €0213509.

[30] FHE [, T 50, fkAm A, 55 . VD MR T M L TR 4 B it 7 4 S

g 7 (0], F R IXAF5E, 2019, 36(3): 621-629.
YU Deliang, LEI Zeyong, ZHANG Yansong, et al. Soil enzyme
activity and its affecting factors under Pinus sylvestris var.
mongolica plantation in sandy land[J]. Arid Zone Research, 2019,
36(3): 621-629.

BV E R, TARM, MR, 55 870 RS ) 1 e ok 21

IRAEPLRYSENA[T]. A= 2524, 2020, 40(15): 5367-5376.
LEI Zeyong, YU Dongwei, ZHOU Fengyan, et al. Effects of
afforestation with Pinus sylvestris var. mongolica on change of
soil particle size distribution in sandy land[J]. Acta Ecologica
Sinica, 2020, 40(15): 5367-5376.

[32] JA RUHa, i, X iy, 45 . R 1 A BT VD AR A R T e K AR
RBIRZNAT]. HE 2551, 2022, 42(2): 635-645.

ZHOU Fengyan, ZHANG Xinyue, ZHAO Zhihao, et al. Effects of
sand-fixing forest growth of Mongolian pine on soil phosphorus
change[J]. Acta Ecologica Sinica, 2022, 42(2): 635-645.

(331 80+ B A A4 T [M].3 it . AL 5T o [0l i, 20001
49-90.

(34175, X EIE, 95302, 55 . NIRRT L e B in 25 5 0T

Hr[I1. Mk B2, 2015, 51(10): 1-9.
FAN Shaohui,ZHAO Jiancheng, SU Wenhui, et al. Comprehensive
evaluation of soil quality in phyllostachys edulis stands of
different stocking stocking densities[J]. Scientia Silvae Sinicae,
2015,51(10):1-9.

[35] JEl g I, D07 . A R M. LRt B2 At 2013:223.
[36] FEME, AR, w5 %, 45 . WA DR VD Hu A 5 R T - 33 .
R SEITRRRIE D], TR IXAF5Y, 2024, 41(8): 1354-1363.
DONG Peng, REN Yue, GAO Guanglei, et al. Stoichiometry of
carbon, nitrogen, and phosphorus in the litter and soil of Pinus
sylvestris var. mongolica in the Hulunbuir Sandy Land[J]. Arid

Zone Research, 2024, 41(8): 1354-1363.

[371 X008, Axde e, ZEM i, 55 . B SR 1R A Py 4k

X[ E A R R W (D], Rk TR 2R I, 2020, 36(23):
131-138.
LIU Na, SHE Weiwei, QIN Shugao, et al. Effects of particle size
and mineral composition on fixed ammonium of aeolian sandy soil
in the Mu Us Sandy Land[J]. Transactions of the Chinese Society
of Agricultural Engineering, 2020, 36(23): 131-138.

(3810415 i, 1 90, EH B 45 L Bh 20 U0 B R M A [l R A2 AR PR A
JEREVE LR BRI DG AR 7). P VD, 2022,42
(2): 134-141.

ZHAO Xiaolong, XIE Yuhong, MA Xujun, et al. Vegetation
structure and its relationship with soil physicochemical properties

in restoring sandy grassland in Horqin Sandy Land[J]. Journal of
Desert Research, 2022, 42(2): 134-141.

(391 £ H T, IMES 3, XS, 45 . AR 0 9 2 0t X+ 4857 43 ot

52 (2002—2022 4F) [J]. AR dbAfoll K422 4], 2024, 52(8):
126-133.
QIAN Jialong, SUN Hejia, LIU Qiang, et al. Effects of vegetation
restoration on soil nutrient quality in the Saihanba Region (2002-
2022) [J]. Journal of Northeast Forestry University, 2024, 52(8):
126-133.

[40] BZH, HRWIZZ, K245 8 b DX S SR AR L T AR HLBRF I 4
[7]. 13 5 R85, 2002, 11(2): 172-177.

PENG Hao, SHAO Ming'an, ZHANG Xingchang. Mechanism of
soil potassium loss by erosion in loess area[J]. Soil and
Environmental Sciences, 2002, 11(2): 172-177.

(41190 T8, R, FUHE, 5 MO8 X SR T PR Z 5

P A B 3 A A R R (). 0 T A 3 25 4T, 2018, 29(3):
732-738.
SUN Qianhui, WU Xia, WANG Meizhen, et al. Effects of stand
density on understory species diversity and soil physicochemical
properties of Pinus massoniana plantation[J]. Chinese Journal of
Applied Ecology, 2018, 29(3): 732-738.

[42] THII, BRJE B . 35 XU Sk T ARER B A IR R ST ). A BT

5%, 1999, 19(4): 461-468.
YU Mingjian, CHEN Qichang. Biocycle of potassium in an
evergreen broad-leaved forest dominated by Cyclobalanopsis
glauca in Se, China[J]. Bulletin of Botanical Research, 1999, 19
(4): 461-468.

[43] #5585, B, AL A RIBREEAZ ARSI T A 4y 5 3
HHEBTR R DCPELT]. ZRALMOL A 224, 2014, 42(3): 85-88, 98.
GUO Qi, WANG Xinjie, YI Xiaodan. Correlation of understory
biomass and soil under Cunninghamia lanceolata pure forest of
different age[J]. Journal of Northeast Forestry University, 2014, 42
(3): 85-88, 98.

[44] &7 T3 4k, ynr AR, 2RAE, A RO BEXTAZ AR T MR T A4 R

TSR RG], AR ARSI, 2021, 41(11): 4521-4530.
SHU Weiwei, LU Lihua, LI Hua, et al. Effects of stand density on
understory vegetation and soil properties of Cunninghamia
lanceolata plantation[J]. Acta Ecologica Sinica, 2021, 41(11):
4521-4530.

(451 SR B, TN, E BT, 45 K T TS [RG5S A0 Rl X 12 12
FRor S sE A ], Ab st ol R2E2E 41, 2023, 45(9): 73-82.
ZHANG Minghui, YIN Yunzhou, WANG Ke, et al. Effects of
spatial  structure characteristics of Fraxinus mandshurica
plantation on soil nutrient content[J]. Journal of Beijing Forestry
University,2023,45(9): 73-82.

[46] 8252, TRAE, sk T R, 45 75 U SR 2 2 B8 REAh i

RBEAL 2T A 4 SR B IR R [0, A A A= 23R, 2019,
43(12): 1048-1060.
CAI Qin, DING Junxiang, ZHANG Ziliang, et al. Distribution
patterns and driving factors of leaf C, N and P stoichiometry of
coniferous species on the eastern Qinghai-Xizang Plateau, China
[J]. Chinese Journal of Plant Ecology, 2019, 43(12): 1048-1060.

[47] 18, 540, £2 . BIRID VD M ARAAFIRE T FAR AR AR Wy 43 1

S RIFAE[D]. AR5 2%ak, 2018, 37(10): 2935-2941.
MENG Peng, ZHANG Baixi, WANG Man. Biomass distribution
and architecture of roots in Pinus densiflora and Pinus sylvestris
var. mongolica in Horqin sandy land[J]. Chinese Journal of
Ecology, 2018, 37(10): 2935-2941.

TTFITRERARKRZZR (BARZEM)

RI3IE . http://fxky.cbpt.cnki.net



