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Effects of Understory Vegetation on Soil Phosphorus Morphological and
Availability in Larix gmelinii Forest in the Cold Temperate Zone
ZHU Zhengqing, MAN Xiuling

(School of Forestry, Northeast Forestry University, Harbin 150040, China)
Abstract: [ Objective | Due to the large differences in understorey vegetation and soil physicochemical
properties of Larix gmelinii forest in the cold temperate zone of the Rreater Khingan Mountains, the
characteristics and availability of soil phosphorus morphological changes of Larix gmelinii forest under
different forests were studied, so as to provide scientific data for scientific evaluation of soil phosphorus
supply level and phosphorus cycle in the cold temperate zone forest. [ Methods] Four kinds of understory
vegetation in the cold temperate zone of the Greater Khingan Mountains, namely, Larix gmelinii forest

(Rhododendron simsii-Larixz gmelinii forest, Rhododendron tomentosum — Larix gmelinii forest, Carex
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schmidtii — Larix gmelinii forest and Moss — Larix gmelinii forest) were selected as the research objects.
Soil samples from the 0—5 cm, 510 cm and 10—20 cm soil layer were collected from June, August and
October 2022. Hedley phosphorus classification method was used to determine the phosphorus content of
different forms in soil. [Results] (1) During the observation period, soil active phosphorus (H, O—Pi,
NaHCO,—Pi, NaHCO;—Po) and medium active phosphorus ( NaOH—Pi, NaOH—Po) of the four
understorey vegetation Larix gmelinii {orest showed a decrease trend from June to October, and the content
of medium active phosphorus accounted for 30.08% to 52.80% of total phosphorus.The content of inorganic
phosphorus was higher than that of organic phosphorus. The content of active phosphorus and medium active
phosphorus in 0—20 cm soil layer of Rhododendron simsii — Larix gmelinii forest and Rhododendron
tomentosum — Larix gmelinii forest were higher than those of the Carex schmidtii — Larix gmelinii forest
and Moss — Larix gmelinii forest. The soil stability phosphorus (HCl—Pi, HCl—Po, and residual—P) in
the Carex schmidtii — Larix gmelinii forest was significantly higher than that in the other three larix
forests, and the stable state phosphorus accounted for 58.86 % ~65.81% of the total phosphorus. (2) Soil
total phosphorus (TP), available phosphorus (AP) and phosphorus activation coefficient (PAC) in Larix
gmelinii forest were 391.81 to 1 081.02, 7.34 to 83.90 mg/kg, and 1.62% to 7.76 % from June to October,
respectively. The content of AP and PAC in the soil of the Rhododendron simsii —Larix gmelinii forest and
Rhododendron tomentosum — Larix gmelinii forest were higher than those of the other two larix forests,
showing higher phosphorus availability. On the other hand, there was insufficient phosphorus supply in the
soil layer of the Carex schmidtii —Larix gmelinii forest and Moss — Larix gmelinii forest from 5—10 cm
and 10—20 cm in August and October. (3) Soil moisture contentwas the main influencing factor of soil
phosphorus in the Rhododendron simsii —Larix gmelinii forest and the Rhododendron tomentosum — Larix
gmelinii forest, soluble carbon was the main influencing factor of the Carex schmidtii — Larix gmelinii
forest, and ammonium nitrogen had a greater influence on the Moss — Larix gmelinii forest. [ Conclusion ]
Understory vegetation had a significant effect on soil phosphorus morphological form and phosphorus
availability in Larix gmelinii forest. The content of active phosphorus, medium active phosphorus and
available phosphorus in the soil of Rhododendron simsii — Larix gmelinii forest and Rhododendron
tomentosum — Larix gmelinii forest was higher, and the activation coefficients of P were all above 2.00% ;
However, the content of stable phosphorus in soil of the Carex schmidtii — Larixz gmelinii forest was
higher, and the availability of soil phosphorus was lower. This results are of great significance for the study
of ecological function of understory vegetation and soil nutrient cycle in the cold temperate forest ecosystem.
Keywords: Greater Khingan Mountains; Larix gmelinii forest; soil phosphorus morphological; active

phosphorus; available phosphorus
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Table 1 Basic information of the sample site

b MR/ W/ it/ TRy B W/ TC/ TN/ A/ M F % %_F*i@jti P i e/

m ) M2 /cm BB /m Bk +hm™?) (gekg ") (gekg ") (kgem ) R (e b (t«hm %)
DJL 312 6  75~90 13.67 15.68 0.7 1217 38.21£0.88 1.33£0.30 1.134+0.15 1,5.6,8,9 12.16+1.37 5.36+1.03
DXL 311 4 75~90 13.30 14.01 0.8 1267 31.48+1.09 1.18+0.21 1.31+0.21 2,1,5,6,7,9 9.15£1.45 5.27+0.80
TCL 300 2 75~90 12.81 14.09 0.7 1567 58.574£0.49 1.40£0.39 1.5740.08 3,2,5.10 5.34%0.62 6.61+1.26
TXL 314 3 75~90 14.01 13.89 0.7 1300 17.17£0.43 0.69+0.05 1.08+£0.11 4,2,6,8 4.78+0.37 4.46+0.78

TE - R BRI AR MEZE s DIL S 2422 AL RS — F A AR DXL S Ak — & AR AR TCL S & B — 3% I FA bR ; TXL S 25 & — % b FA bk 5 1
KBS (Rhododendron dauricum) 32 NEF (Ledum palustre var. decunbens) ;3 8 5 (Carex tristachya) ;4 JJeH 8§ (Sphagnum
palustre) ;5 FE WAL (Vaccinium uliginosum) ;6 F#EAE (Vacciniumwvitis idaea ) s 7 74146 B B 5 (Pyrola incarnata) ; 8 N 7R 7 5 &

(Fragaria orientalis) ;9 MM (Sanguisorba officinalis) ;10 R/N B (Deyeuxia angustifolia) .

1.2.2  HSusR e AL S0 Ml o A R0 ) AR R
Bl 6 HHEY A KW, 8 H A K IR, 10
ARSI IR SR BT VB 1 IR TE
BEAFEH N R STIE B 3 S HURE S LV H R R
E A TE YRR NS 10 em B R AT R SR
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18 - SEAE it P 98 4% B A IR DR AT IR S g % . Bk
S Y S AE ) R AR A BRAE A2 S T 2 mm i
a2y, — 0T 4 C T AR AT, I e £ 1T

BYEmA A EmA ESA S A MY R
BEAEFRPR I 2 s 5 — Iy B T U B R T 5 T
R SRR NS N o N CI VN U )
pH MIE .
1.3 WMEFE

- IR BE AR BORE B AT A 5 2R B 3 (6310,
Spectrum, USA) B #2l 5& 5 + 5 & /K 2 2R JH 48 & 4t
TIEME (105 °C,24 h), +3E pH R pH THEM &
(PHS—3E)., BAHE(TOC) K H multi N/C 3100
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TOC SA PR/ SE 53 BT A CFE [ IS %) [f] 44 5 B
T AT ME TR L A (DOC, DON) 13 4 ¥ 5% . & (MBC,
MBN) 2R ] TOC WARBE R 5E ; T2k W) 0 A 0wk
KA B P A s 2 A M ES A A E R
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Seal Analytical, Norderstedt, Germany) Ml %€ .

B 9 2 . AR B 5T AR 4 SUT 4510 & IE 19
Hedley #5735 W E L3 b AR BEE S & & FRIR
1.0 g i 2 mm 3G R £ FEE T 50 mL B0 %
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%5 0.1 mol/L NaOH %% .1 mol/L HCl %W =4,
SR B BP0 7k D o 2 4 R JC AL & i A PLBE
R IR AR R A IR — = SR i 5 2 ek
SR LR L e R R — R R
T T A A R B IR B Y 5 R B (residual PO
B, Hop 4 80 v o8 H, O—Pi, NaHCO,—Pi Al
NaHCO,—Po, £ H v 4§ JiF % % 5 NaOH—Pi Al
NaOH—Po, + 353 & P #% y HCl—Pi, HCl—Po #l
residual—P, 3B (TP) N A B 205> Z .,

1.4 SHHAHE

1z ] Microsoft Office Excel 2016 4% {4 X % 9% 1k
TR A B, SR SPSS 19.0 % % - 18 B8 Al 7 5
- R 2 43 B HEAT 5 R U7 22 43 B (One — way
ANOVA,a=0.05) Fl /N it 3 2 535 (LSD) 43 #7
XA o1 5 - e S A B AL M BT #E 4T Pearson AH OGP
4387 338 A Canocob. K4 #E47 TU 4% 43 BT (RDA) , Fl F
Origin 8.0 FAHAER .

2 ZFERE5HSH

2.1 AR TR L 3 I #A vk B 20 4 T 44T
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LT U e+ g g o g . & 1R,
6—10 H A [FIART A B 2% 2 P AR AR 0—20 em + 2
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PIRMON B R . 13 HO—Pi & &2 E
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JE LG TE A ARTE 610 H 5235 Wi B AIK 8
(p<<0.05), 73 4k 3 Fh¥g iEPAMRTE 6—8 H 2 FELE
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{H RN D4 AL B — & B AR > B — T I FA AR >
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NaHCO,—Pi & i 22 L Ju [Fl  6.05~48.84 mg/kg
(E 1b) . £ 6—8 H %%kt B — V5 - # Ak kL & — %
MRRARR 3 )2 R I Y T R A AR ORIT & A
TEUARAR . 6—10 H 244 FL RS —VK M AR HEFF— 7%
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6—10 H M4 AEBY— 3 i AA AR AL T — Y5 IR MRORT
BE— KM RARR 3 2 13 NaOH—Pi 75 5 1 5L 3% i
R (p<<0.05) 5 1M & F—JE HFAA AR 10—20 em +
JZAE 10 AN (p<<0.05), 0—20 em +ZF1
{EL RN DL4EFE S — % W B AR > FE B — 95 i FA AR >
BT R B RV AR (p<<0.05), LI
NaOH—Po & &K 50.46~202.52 mg/kg(& 2b),3 4
IR DR T RA BRI IR S 27.33 %6 ~49.07 Y0 5 #E:
T VR IRS AR IR 7 32.10% ~39.69 % 5 & By it
FAMK R 10.03 % ~25.70 %6 ; B8 —J5 HFAK 0—5 em +
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4 PR R B 262V A AR 58 NaOH—Pi &% 5 3R )
P R R 1N VA N i -3 O VA = 2
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Characteristics of changes in soil reactive phosphorus content in Larix gmelinii forest with different understorey vegetation
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Fig. 2 Characteristics of changes in soil medium active phosphorus content in Larix gmelinii forest with different

understorey vegetation
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Fig. 3  Characteristics of changes in soil stability phosphorus content in Larix gmelinii forest with different understorey vegetation
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