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WE.[B Bt RBAME LG Populus tomentosa 3 £IE x5 0% [ 77 ik 1 3 # R B BALE & [ 47 FExHk JE
A A2mx2m(T), 4mx3m(T)F4mx5m(T)]F, s 10 F4 £ 8%k A FF KX 0~5, 5~10, 10~
20, 20~40, 40~60 #= 60~100 cm 3£ 6 A X E w9 A AL . BRAE R A B A ik AT R E - S AT T oA, R B B AT
TR SW R ER E oM iE, HIER S EFEA Ducan F, [£R])0~20 cm £ EA MR . #fF R, A2 Fa
ik AT T & ) 5 69% ., T9%. T1%Fe T4%; FRIBMBEE T ELER > RESH AR —5. T, RHEEE T AR
BEO05emAHEFH, A 1544 g-kg!, REHT T, £520cm 2 EL 3 EFENANSLEF 2% (P<0.05), KIK
KA Ty, Too Ty, 42 20~100 em £ BEA T, 2 F4&TF T, A T,(P<0.05); Bt R AT, TH 14.5~142.7 mg kg, & F T,
Fo Ty(F 5~10 em); A #HEA 1.3~12.4 mg-kg!, 5~40em £ 2T, 2F & T T, # Ty (P<0.05), 40~100 cm £ Z X /)
R Hy Tse Ty, Ty; BAMEFEA AL R FEH A (P>005), [£-]I0F L2 aHRIEERH T EE 0~20 cm =
B, RHMEEA2mUATE) x 2 m(BRIE)W ARSI THERAEE S 4mx3mAFdmxSm, ZoRAEsHERHEEE
FoRF L BEM TR T, B S5 A2 4 3]
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Planting densities and vertical soil nutrients in a Populus tomentosa stand

BO Huijuan', ZHU Jialei', WEN Chunyan', NIE Lishui', SONG Lianjun?

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China; 2. Nursery of Weixian County, Xingtai
054700, Hebei, China)

Abstract: [Objective ] To explore the effects of planting densities on soil nutrients of different soil layers for a
Populus tomentosa plantation. [ Method ] 10-year-old S86 clones were used to study the soil nutrient character-
istics with three planting densities (T;: 2 m X 2 m; T: 4 m x 3 m; and Ts: 4 m x 5 m) for six soil layers (0-5,
5-10, 10-20, 20-40, 40-60, and 60-100 cm). In mid-October 2016, soil samples were collected, and the con-
tents of carbon (C), available nitrogen (N), available phosphorus (P), and available potassium (K) were de-
termined and in total there were 3 treatments with 3 replicates, then one-way ANOVA and Duncan’s multiple
comparison tests were used to determine significant differences. [Result ]The proportions of nutrients in the 0—
20 c¢m layer compared to the 0-100 c¢m layer were: C(69%), N(79%), P(71%), and K (74%). The content of
soil nutrients varied for the three planting densities. The highest C content found in T, (15.44 g-kg™ in the 0-
5 cm layer) was significantly higher (P<<0.05) than T); the C content in the 5-20 ¢m layer was significantly
different (P<<0.05) than other densities in the order of T;>T,>T}; and in the 40-100 c¢m layer, the T, content
was significantly lower (P<<0.05) than other densities. The N content in T, was 14.5-142.7 mg-kg™. The P
content was 1.3-12.4 mg-kg™ with the content of T, being significantly higher (P<C0.05) than other layers
from 5-40 cm; however, in the 40-100 cm layers the content was T;>T,>T,. Planting density, though, had no
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significant effect on K content (P>0.05). [Conclusion] Nutrient content varied according to planting density
and soil layers with the soil nutrient content of 10-year-old P. tomentosa clone S86 gathered in the 0-20 cm
layer for the 2 m x 2 m density having a lower nutrient content than the 4 m x 3 m and 4 m X 5 m densities.

[Ch, 5 fig. 2 tab. 31 ref.]
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THOE MR RGN EEA RS, W LERMORE R AR KB, KR S R KN
S MO A K TR BT FEARHL R B TR A L B DL OROR [ B 3R 00 B 2 B A Y TR
SIARHIE, B FRRRANFEEA B 2270, X5 B A R Y e AU E S s R, AR
5 1) 3553 B BIF 98 — ks £ 2 %143 0~20, 20~40, 40~60 1 60~100 cm 25 4 2K 5, F )2 1E A
AR e LT, SR RN AROR AR KR £ AR SR B A AR e, 2w 3 2 A0 S A
I8, AHNTRE W s Rl A + 55 T B A A Jn o R 2 R R it P — SR R FLAR S BRI R,
JERNAAGE W R AT G54 10T RS KN B A 3 B o & i B iE I S AR G SR A Wi s R 2y
S 8 3 ) A ) i S Oy R R0 B N TSR AR DL AR TR 2R e AR 2 A X AN 9 B S - R Ay
PR AR TR AR R . DR Pinus massoniana PR 4 3 57 43 8 B S K
MFEAR . RRI2ZEE VIR EE e AN IRAHIR, PTREZ i AT 5 . AR % B BRI AS [R) 9T 5 i 1) . 10031 %)
2050 47, N THOR AL 75% 1) Tl AR M, Hodh 509% i ok Az 3 7= Mg LS A58 Populus 75 H [ 1) £ 4
ML 3K 850 JThm?'®', & H ¥ Populus tomentosa 1&E N PERE SR, HAG Y K G| FAk 558 B A9 117, S86 i
oA X H At R A B AR AE DS HA, S0 TR X A S86 1R i K 2 0k b 1 4 1
WFoE . NTAMBEA A | mRA, KR (AR S, MRS s — e i, ik, A
5 LA 10 4E24E B A S86 M FE AT 5, HHR 3 FloRkAh %5 B Ak 1+ 1% 6 >+ )2 (0~5, 5~10, 10~20, 20~
40, 40~60 F1 60~100 cm) A FE5E N, FBIFEN [FIARAE % B T B A LIEFR 221G 00, A T
b A 19 1 B R AT 4RI R EE

1 HFRMKX5HRF &

1.1 R HHER

I AL TR L E Y, xR T AR R R, M ECF I Wk 30~50 m, ARSI
13.0 C, HARIRAE 1A, I-25C, &\ AETH, 7270 C, MR KT 2 EIX
S, AAEH MR 2 5748 h, JCRI 198.0 d, “EHME KN 497.7 mm, Mok EEETLE 7T-8H .
1.2 Wit

WP =R T H kg ok &R S86 iR AT KL, T 2007 4F 4 A Pk KRB E 1 2 44 B At ok
R CFE MR 6.1 em, W& 5.8 m)FEATEAR, FAH T F I AR SR Ay . A LT 8.60
g kg™, A 0.58 g-kg™', WA 87.8 mg kg, A 8.1 mg-kg!, HAH 90.0 mg kg, EALFKE
46.7%, HIHIFFKE R 26%, K HAEKRTZ LBV TT, #A % E 3 K ATiExskEE), 2518 2 m
x2m(T)), 4mx3m(T,), 4mx5m(Ty), T, BA7 118k, T, 8477 ¥, T, &i7 48, 200k 217, 3
WELIL 9 AN/, ANXPIREIER K, RIGEM AT, RPITRRIESEN 4 mx 3 m, ®E 217,
1  2016 4 3 POk AEE BT B A AERKIRN ST,
1.3 HmRESHH

2016 4F 11 7 Al dE A, BEALSE OR8N DX e 467 B9 5 BRSO, AEFLAR M 80 em Ab 2 AL
FE, SCRIITIEIEY, L85 BIBL(0~5, 5~10, 10~20, 20~40, 40~60 Fl 60~100 c¢m)6 4~ + )2 1 HEff
i, CBEEAS/NX S ASEURE S 2 40~60 Fl 60~100 cm B 2 4 HJ2H S A RS IRE A 1 ANEES, T2
0~5. 5~10, 10~20 1 20~40 cm +HEARTE S .

T3 RAE 3 R B R, BAR T IR B /NS AT 60 em x 60 em JEVEYIAE AL, 4t
TRREAFEEY (R 1), FMEERNXT B o 065N E RS, A PUTER 5 R # 4n
Pk, B ACRYBOE, ARUEER AP LGk, A SR JOEO TR I
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Table 1~ Growth status of P. tomentosa S86 under three different planting densities

ARAE T (17 BBk B ) 5 /m M 42 /cm # B/ (m’ - hm?) JH P/ (- hm™)
Ti(2mx2m) 14.60 + 0.25 ¢ 1210 £ 0.31 b 15797 +7.78 a 0.69 £ 0.14 b
T,(4m x 3 m) 18.08 + 0.12 b 13.80 + 0.24 a 86.80 + 12.65 b 0.74 + 0.18 a
T5(4 m x 5 m) 21.04 + 0.35 a 1390 + 0.13 a 64.75 + 11.82 ¢ 0.79 + 0.04 a

YL . (RS0 AS [R] /N 57 g 3 7R AN ) A 5 2 B F A 2 KOIR DL 22 7 2. 3% (P<<0.05)
1.4 HIEALE

K Excel 2010 5 F1 8 FRACHE If BEAT R SR 4 . B 18] B9 75 22 53 7 (one-way ANOVA) | ZH [LHK
(Ducan ¥ %7 ) >k A SPSS 20.0 #E475087

2 HEXR50H

21 ARELETEFHHHESE

10 44 B F1 4 S86 M 4 2 57 43t o Lb 491 Bl + J2 B B g 9 /b, N 42 0~20 em (HEAL)ER
69%~T79% /> | 60~100 cm +JZALE 4%~T% (K 1), 3753 HIAE 0~5. 5~10 F1 10~20 em A4 —E K
DX, B R AR AAE 3 A LR A R 2ZER, 0~5 ecm 2T 07 G & i 419%~45%.,

< 100r = 5 .10 s U= = 100 =

= 80F i: % = sof [ = 80f % % = 0 B

2 i 2 | [] 2 oL H = | [
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ot M 2o sl i B 2wl ]

= | =" 7 =l 7 = U
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B1 3ABHMEEELERSTE A

Figure 1 Proportion of nutrient content in each soil layer under three planting densities

22 HEFEXNITEFSRESHHNEIE

22,1 EIBEAHMFE 3 FARAEE M E A S86 Mih + HEH ML T 43 £k 4N 1.72~8.57 g-kg(T)) |
5.20~15.44 g-kg'(T,) . 4.58~14.86 g-kg™'(Ty), HBf+ )2 TR E 38 i (B 2), 0~5, 5~10 F1 10~20
em A LT R B3 B + 2 2 LB N 218, 20~40, 40~60 1 60~100 cm Fifi 238 0 F FEEHH B, J5 225
Mrigos . )2 U XA HLT S 0 80 3 R (P<0.05), 0~5 fil 5~10 em + 24 HLF R 0 522 5 A8
BE, HYPERTHMEZ, 10~20, 20~40 Fl 60~100 cm 2 [H] 4 HLT F & /35024 7 B3 (P<<0.05) .,
AL 0 5Bt A A 4 A 2 AR AR AR AL, 0~5. 20~40, 40~60 Fl1 60~100 cm + )2, F HLJG 55
BONK BN MR R Ty, Ty, Ty, 0~5 em )2, T, Fl Ty A AL 35050 515 T, 350 80.16% 1 73.40% ;
5~10 A1 10~20 em T2, AHLBE & BONKRE/MEIK A Ty, To, Ti(E 2), BRRUE, T, A P&
SR AR T T, Rl T,

222 AR T S86 M BT R ECR 6.8~142.7 mg-kg ' (K 3), B+ )2 U A3 i v L
- 20 ek i SR A B T B (P<<0.05), 45 2208 (BR 60~100 cm) 2 5 2 3 (P<0.05), 3 FhARIE %
JEE R B A R A BE 0~5 . 10~20, 20~40, 40~60 1 60~100 cm + )2 M KB /MEK KT, Ty, T(K
3); AR AU i BUFE 5~10 em RJZ MK EIMEIRE Ty, T, Tyo B ZTRBERE TN, AN [R) kAR 25 B2 6] Bk
fiff LB et A 2 S ORI RTRE R T A R I VR PR S 0 SR i R 3

223 A 3 PR B0 E A S86 MRt - HEA AU i e 43 £ 5 o 1.3~6.1 mg-kg'(T)) . 1.5~
12.4 mg kg™ (T,) F1 2.5~11.7 mg kg™ (Ty), Bl 2B, A 808082 FREE (R 4), M 0~5
em 12 5 BA 21 31%~37%18 0 5] 60~100 cm )25 4%~8% (] 1), FkAH % B XA %005 T 1 50 51
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Figure 2 Contents of organic matter in different soil layers of

P. tomentosa S86 under three planting densities

S g (P<<0.05), 0~5 em + )24 20 it
(6.1 mg-kg™), T, WEAMTF T, A1 Ty, A 2B E 5
SHh R (K 4), 2 4
FEF T, A T,(P<<0.05),
224 kAT WAL A
10~20 ¢cm(P<<0.05), 5 0~5 cm L2 Z R AR E,
LR E T, 1 RO Sy
(FE5) . JrEobr . R0 % B 0] 4 458
2.4 10 a5 S86 it =N RE S
10 a J5 B F#% S86 b + 3 %43 it
FERE R AR R A

25 o

M EUCR/MEIR R . Ty(12.4 mg-kg™) |
MEE )2 5~10,
EREY. LEESETTMT, T, MT,2Z%AEE, 40~100 cm 12T, &

S3HBE A Z 3G I B R RE R (E 5) . 5~10 em 2
m4m4mmﬂmmmmmiE@Lﬂﬁﬁi
B, M 60.3~278.1 mg-kg', T, HALH
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Figure 3 Contents of available nitrogen in different soil layers of

P. tomentosa S86 under three planting densities
T; (11.7 mg-kg™), T,
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Figure 4  Contents of available phosphorus in different soil
layers of P. tomentosa S86 under three planting

densities
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Figure 5 Contents of available potassium in different soil
layers of P. tomentosa S86 under three planting

densities
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Table 2 Soil nutrient (mean) content in P. tomentosa S86 stand before and after 10 years

Ny Ab FR w g/ (g ke™) w s/ (mg-kg™) w 4/ (mg-kg™) w wgm/ (mg-kg™)
2016 T, 55+0.1¢ 348 +0.1 ¢ 33+0.1¢ 1130+ 0.1 a
T, 92 +0.1a 533+0.1b 6.6 £0.1b 1570 £ 0.2 a
Ts 10.0 £ 0.1 a 459 +0.1b 52+0.1c¢ 150.0 £ 0.2 a
2007 86+0.1b 87.8 0.1 a 8.1+0.1a 90.0 +02b
VAT B P EbR 25 [R50 AN 5] 5 B 3R A [ b 34 ) 22 5 25 (P<<0.05)
3 b

T IR TR B AR S M R A B 4 R A RN A B AE Y SRR Y RS R B 0~100 cm £ )2
R, BAW® S86 N T MA VLT . Al & . A 508 A R 5 5 20 8007 o Lo 9] Bl 4 J2 VR 5 38 i 22 R AR )
TR, K2 (0~20 em) FE0FT G LN 69%~79%, &H T 0~100 em + 2 EE N K> 5743 .
LI A5 2R IE 5T 22 BEKE Castanopsis fargesii AR F 13837 0 BHEL S8 /0 UE 523X — &, TR FRE Y -
AR TTAERIZD AEMARAE R B D AR b W R 5 SRl 3 o Wl B S 22 08 95 W o3 i
RE R e BARDE, FROE AR, AR AL 10 a J5 B 5 S86 M Bl fi U AT R I
RS, T WAEMORKE B ot B, A B R AT R A Y

PUFERF 7885 L3 22 81 50N 0~20 em (& 0~10 A1 10~20 em®®!, ARWF5T#E— 8 )2 0~20 em I
530 0~5, 5~10 F1 10~20 em, A 3 L2050 008 AT, BiEATE 3 D L2 RAER E %S
(K 3), AHUELE 10~20 em & Z LT 0~5 Fl 5~10 em (& 2); A B AN AE 0~5 Fl 10~20 cm 253
3 (K 3 FE 4), AFFREE RAACRE HERL IR T 37 0 76 R )2 09 A g o0, iy 5 oA 45 PR /KON 487 21 42 1L
—EMRIE, X 0~20 em HEMEERE, R AEREAE 10~20 em + )2,

MR R A % B W S e A MU AR Ak, A BT R 2 A RS S 2 e D 3R] R BT A LR IR
FE PR AR R, AR BT, WEBA(GR D). W, EE S86 1AM B B T A B 1
WAV R N SFEA IR, W% EXT MR WA —5, W BAT Phyl-
lostachys edulis WWHF5E & B . 3878 37 70 F MR 43 AR A 25 32 104 38 Jin 522 2/ 328 W 434 in I A3 T B 1 e 4470
AL Pinus tabulaeformis %5 B i A 58 77 43 W AR 20 1 M %5 B (00 338 I iy g IR 1280, 30 4 2 S AT B 5 PR 4 2 Y |
R R AR %% B0 9 0 o i R G

AHIEFE K B . A AL TR A S A 2 2 X A % 1 W 7 e B B, AT RO R AT EEXARBE R 4 m x 3 m
MAmxS5SmEBESGT2mx 2 m, FASE XT3 T 8 520, AT 05 30828 P XTI A Pinus tab-
ulaeformis N T AHEFE J5 A 2RI 25 0, ASTR) )2 37 40 10 X i 4% B A i o2 S — 2, AT RE 2 i TR
[F] 4 2 352 00 R U8 5 9 2k Ty SO R AR R 2, e an A= W oA . AR &R oA LUk i fn Ae A 4550, B —+
BEESFHER—FE, HEEmHERLA RFE—2 05,

4 i

10 4R 42 B 14 S86 Mty + A ML AT % 0 T oy L o1 il J2 09 i R, ke A 6 T )
ELO AT . FRAR T B 10 4R 42 B A7 S86 M L ISR AT —E IR, REROR BIATHEXHREE N 4 m x
S5mAl4mx3mBHFRET 2m x 2 m, FJZ L EAHLIE RG220 AR 5 R A N f A, ARk
BEEATHEXARIE N 4 m x 3 m Al 4 m x 5 m BFR & T 2 m x 2 m, FARE X BURCE A B350,
PEAE AR IR0 HE 3 X EAT B (I AR A R, 25 A 00 B ARTE B B i AR 2 I, IO AR
0 E bR Ml R AT 18] AR A A B, RO % B bR AT R PR AR AT E R, RS R R T AR A
VR EAN TR AT 5 B2 R A 20 IR O, DATIT S VE R M 1 A P ) )2 5 ISRy Z IR G &R

5 5F Xk
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