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Study on the soil nutrient characteristics and their relationship with litter
quality in two forest types of Pinus massoniana

PAN Jiawen, LI Jiyue, HE Qian, SU Yan, LIU Xiaodong, QIU Quan, LIN Na

(College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642, Guangdong, China)

Abstract: [Objective] Studying the differences in soil nutrient and ground cover litter nutrient content can provide a scientific basis
for the forestry measures and soil fertility maintenance of Pinus massoniana plantations. [Method] Taking two typical forest types
(Pinus massoniana and mixed forest of Pinus massoniana and Castanopsis fissa) in Dinghushan as the research object, the differences
of soil nutrient content and litter nutrient content in 0-60 cm soil were compared and analyzed, and how the litter quality was affected
soil nutrients. [Result] 1) Forest type has significant effect on soil organic matter, total nitrogen and sulfate content (P << 0.05), and
on soil total phosphorus, exchangeable K', Ca®" and Mg*'(P << 0.01), the soil nutrient content of mixed forest (except nitrate nitrogen
and exchangeable H' content) is higher than that of pure forest. 2) The difference of soil nutrient content between different soil layers of
the same forest type is very significant (P < 0.01), among which, the content of soil organic matter and total nitrogen decrease with the
deepening of soil layer, and mainly concentrated in the 0-10 cm soil layer, the surface accumulation effect is very obvious.3) The content
of organic carbon, total nitrogen, C/N and total phosphorus in pure forest litter are higher than that in mixed forests; there are significant
differences in litter organic carbon, total calcium and total magnesium in different decomposition layers (P < 0.05), all appear as fresh
litter > fragmented litter > humified and amorphous litter.4)RDA analysis of soil nutrients and litter quality of ground cover show
that,soil nutrients in 0-10 cm soil layer are significantly negatively correlated with organic carbon in humified and amorphous litter
(P < 0.01), and negatively correlated with C/N in humified and amorphous litter(P << 0.05); in 10-20 cm soil layer soil nutrients are
significantly negatively correlated with organic carbon in humified and amorphous litter (P << 0.05). [ Conclusion] The main reason for
the low soil nutrient content of pure forests is that the pure forest litter has higher C/N and organic carbon content.
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LB Pinus massoniana 3 ERFA HEAEE
PR, HRBRELREEEMMX SAAR. B
FEEEEME MM S, EEKR, BEDREMRE
MERBREY K, B—f 2K R RO 2
B, GREMAKFEEDIRRSSEANNAE,
FHABAELRE, FEMHIZREARAR, &
WAEF=FTRRE, I EH AFE ML R R R 7,
NTBEHFHMRERKNZ RS, RERTH
PR e, RESERATHELGETEAS
ALEARKILFEESR, F2EERANNEER
REZLERN, B RERED S FEMFIRIER,
BRELEE PR, RESHHARESRSGR
EMRMBERRENER /P, ZEEY AR
B 3 fhARE 3RAE MR, &5 BB
SRBHRAN: DRM - RFRIHK>SLER -
PRBH > D Bk, HESE PV HAERER
RS - AR AR 3T KPR AL RS
AR TAMEE MR H S LBES TR EL
L% . BEHRS Y EDBIRATHRERM
RIKKE. B, EEE, RIREBRNER, B4
WERZA, X 5SMBEZRKEEDNT HAESTLE
7E 174.22 ~ 367.00 kg-hm™ Z [8], i BIAZIMRN
130.05 kg-hm?. B#% " R RERFAME
FAEY SR ENSEC 'S D B - AHRER
THhEE, BARANTHERRE #HHEERTK
A EREKBFESIFHEERE, WERRABEDFT
SR BRT, SIARFITRAS R LR DA%
MRISEERCHWZRE, MHEEYN 2
FRIF IR L] MR — P A .

Hith, A#FRSEEL AL EMAT
AR5 B - B Castanopsis fissa 1835 W T
AR, B EWRFHARE O~ 60 cm LEK L
BRAMSEUAMBEREDR T EE, KBS
WRMRELEFR S SRAENFRITEESRNE
7, WNAEZEKRXRR, BT THEENS L
B RREAMER LB, UHARRLE
MALHARFELERE—ENSEMNE.

1 fAEXERSA

BB ERZERFRF XA RERE L
A, MTTREERMBXERN, HMBEARN
23°09'21" ~ 23°11'30"N, 112°30'39" ~
112°33'41"E. AX KN EEME L, BIKE
100 ~ 700 m. {58 R I Hiy 2= MBI 2 <A,
FFHR[E214C, RARA AR A/HA 7
) KEHSES AN 12.6 CTHI28.0 C. ZHF
BERKERN 1678 mm, 4—9 ANEE, 10 AE
FBE3IAANRE, KA 80% MEKFAERE,
FRFESY . FFHRRERN 1115 mm, FFY
FXHEEN 82%, REMRSFERRHAER.
TR EBEONFOBRER, FHLEEEY
50 ~ 80 cm!">'¥, EIHILRMBEEEA 78%, FE
MR TGEMAR. & R E 5
Wk, DEMMWAANTTHE, EERKGTRE,
REBH RN . A EZHKE T ERER R
FEER, FEAALIRERNDS MK, SE—%
W AR RO BTN R T B SATE AT R YR Ak 17

AHARFEESH LD ER AR (Pinus
massoniana forest, PF) 1 5 B ¥4 - B 3 1B & Ak
(Mixed forest of Pinus massoniana and Castanopsis
fissa, MF) 3 1T, 2017 4E 1 3 % iX % Fb # &Y
MEBITRSEE SHMREREI S 20m
X20mEEET. GERMAKRTARERDER
Pinus massoniana; V&K BERTFAH B Mallotus
paniculatus. 4L & W Bk ¥F Alchornea trewioides-
= X 7 Melicope pteleifolia %5, EXERHBFHF
T H Dicranopteris pedata. T W & & Mussaenda
pubescens. T4 Clerodendrum fortunatum %. 5
B - BRI EMBR L BMARESR, FTREE
EHLEN. ¥ Castanopsis fissa. EAWKE; A
BRFAMEEHN . LT Psychotria asiatica. JeARAE
Ixora chinensis % BEASMEFMETEH., EH &1L,
5,5 Blechnum orientale %, FEHUSEHILE 1.

2 MRIE7EE

21 TRESMNRESIE

20171 B, ZBRRL EBEHZHOMEEH,
FANZEANScm M EESMEHE S B L.
0~5cm. 5~10cm. 10 ~20 cm. 20 ~ 40 cm
140 ~ 60 cm, FENLEL 24 Nk, 486 LA
A—BHB— N EBEER, BBk RAR
S5z, THERREFHEELRE, AKX
TiE, AR#MBHERATL, I2mmif, WMEt
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F1 FHAREREFR
Table 1 Basic situation of two forest types

[RF Factor PF MF
i Stand age /a 50 ~ 60 70 ~ 80
¥HR Altitude /m 58 51
P Slope /(°) 22 23
3% Slope aspect R R
FHEE
+ +
Average density / #-hm” 475.00+25.00 712.50+12.5
P54 Average DBH /cm 24.86+1.21 17.54+1.38
FHM# Average tree height/m  10.09+0.18 8.814+0.23
HRHAE Canopy density /% 0.77 0.91
+3EKA] Soil type pigAR: VIYAR:
+3% pH Soil pH 3.15 3.02
TRAE
+ +
Soil bulk density /(g-cm™) 1.48+0.03 1.42+0.03
LRERAKE 26.13+1.07  26.77+1.03

Soil natural water content /%

t PR AL RN, MFADRER - BIHRZK, TH.

PF is pure forest of Pinus massoniana, and MF is mixed forest of Pinus
iana and Castanopsis fissa, the same below.

TEENRRA TR AEERAEN - AR
% TEAEEKHITK - BER ek LB
SEAARL - BT Y OMBEE, BS:
UV-754) ; R¥MHPEEF (K C& M Mg H
AR - XIBR TR B BRERR A
BER L - FEERICEN - BRERULLLIhis; BESENHE
RASIERE - 8 - RREBRESEMWE: X
Bt BR (H 1 AP )R SAL A2 4 - PR e s

22 FEYHERHRESNE

2018 £ 1 A, A£&EHES (24 cm X 24 cm)
AR B A B VAR, 5 NREE OL (
wor. HEREER, BOeTAARRAE, SR
T RWIIRI) | 43R 2 OF (M- 5e RS AL B
ZHRE DO, EURPEHEME, BN
BIBE) FNEHEEE OH (ZHIEEY O R
e, R 3 8, B 24 M8, B34
MR . BEMREFEWRLEE 40 CHTEER
B, FAMmiEmET 0.2 mm HEEA B3R,
WEEIHR. £8. 8. &8, 285, £858.

FE DA K BRI AERBRAENL - B
B 2GR - WEKEE - REH e &
BEFBRRR - DUE/KE A - UHE ik (e
BE: UV-754) 3 &HAME - WEUKHEE - K&
FRFRI N EE CRIGRFRE Y E TS
5. 722300, HAHMATR) ; £BMEE8EHT

KA. - FEERERIEAR - KGR TR e i T,
23 BUESH

2 H Microsoft Office Excel 2007 SPSS 19.0
A Origin 8.1 FATHIE R, HHAEE, CHH
BEBHBE + mERERR. RANERETE
58T (Two-way ANOVA) LB PR A 357 4
K BREDHR T SENERMY, BEMHKE
BerE N @=0.05 T Canoco 4.5 KITT L& MT (RDA)
X} T IFR 4 S TREY R B F R RIAT 44 .

3 HER5Sth

3.1 FEHHETSRESSEER

XEEMAREARF L2 R LRSS BT
WEESH, ERNE2. KRB TIBEIRKR. £
FNRBRREEFEZER W (P <005 , Xk
BEAB., THMEK. C M HREERH
(P<001) . ME1M2R, SEMR-EHE
THREERITE (BRESESTENTHRMEH &
BUS) BETIREMREMK, Hf, BEKEE
LR 28 &8, 455, WK, Xk
K's Ca¥. Mg MIX#HMRR. K#HHE A SESH
BRI 1.31.1.25.1.22.1.23.1.33.1.63. 1.98.
1.75. 1.05 F1 1.06 £%; B AR LA E A2
HEH & 2K T4k, 25 240RH 0.85 F10.95 £

F—REAFELBEZE LR RESSEERRK
BE (P<00D) . H¥, +EFHFEHNEESE
b ER R mm RS (E 1. B2, BEE
REX 020 cm LEF, REBNHAR, HHERH
MK Rtk Ca” WM (H AP S
A4k s B R R B B, T IR
BB & B A B BE L R VR B PR3 I i 3 A

32 HHEBERAEMFEITRSE

BREMANRMEG BN - BRI R EED A
BALESESEFRE (P<005) RREEER
(P<001), MEVKE. £28. &2HNELES
BEERAEE (3. B3 . Hi, dikE@EED
Fh. 2%, 28, 2B 5EE TR
P, SBIWINT 4.67%. 2.45%. 12.89%. 27.08%
2028%, &HSEEZINBRHE TR, 4
S A 3.18 g-kg” M 1.59 g'kg?s B — KB AR F 4>
REREDENR. EFNLESERREER
(P<0.05) , WRILARMEE > X RE>TR
EERE, BEEY S EEESES BRI,
REDEEMEHS BESBEZAES—,
A5 & BRI Yy oy FRRE B B IR T B W R AR
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Table 2 Analysis of variance of forest type and soil depth on soil nutrient content

o S # 4> Forest type T ZE Soil depth Foﬁsﬁyﬁciﬁ ﬁﬁfpﬂa

Soil mutrient BEEd  F P EEES F P HEES F P
HHLE Organic matter 1 7.087 0.013* 4 35913 0.000** 4 0.213 0.929
A4 Total nitrogen 1 6.658 0.016* 4 23.596  0.000** 4 0.194 0.939
47 Total phosphorus 1 21214  0.000** 4 4314  0.009** 4 0.244 0.911
A% Ammonium nitrogen 1 2.805 0.106 4 2.659 0.056 4 0.215 0.927
H#A % Nitrate nitrogen 1 0.595 0.448 4 0.355 0.838 4 0.173 0.950
BEERIR Sulfate radical 1 4.821 0.038* 4 18435  0.000%* 4 0.534 0.712
¥k K" Exchangeable K* 1 52909  0.000%* 4 2.670 0.056 4 0.197 0.938
¥k Ca® Exchangeable Ca®* 1 10268  0.000%* 4 8976 0.000** 4 0.722 0.585
A ¥ Mg®* Exchangeable Mg 1 13811 0.004** 4 2747 0.051 4 0.702 0.598
A ¥R Exchangeable acid 1 1.822 0.189 4 50310  0.000** 4 1.896 0.142
A2 #: P H" Exchangeable H 1 1.036 0.318 4 102.282  0.000** 4 0.577 0.682
A #itte AP Exchangeable A 1 2,631 0.117 4 33464  0.000** 4 2.330 0.084

T s RREP <00l KPTERESE, *RPEP <005 KFETEREE.

** indicates that the difference is significant at the P < 0.01 level, and * indicates that the difference is significant at the P << 0.05 level.

o

= 60

& 50 50

i B 30 =

[}
(=}

AL
matter content /(g-kg")

—
o o

Liss

Ad

5~10 10~20

0.25
0.20 -
0.15
0.10
0.05

4T i Total

20~40

+ 2R Soil depth /cm

Aa
I I ]

40 ~ 60

phosphorus content /(g-kg™")

5~10 10~20

20~40

+JZ ¥ Soil depth /em

Aa
Aa Aa

Al A A& 1 Nitrate

113

40 ~ 60

Aa

nil

nitrogen content /(mg-kg")

0~5 5~10 10~20

20~40

+)JZ ¥ Soil depth /cm

REREFHFRAEHREMARLEEP < 005 KFFEREE. FRPEFRHERE—HRERELEE P <005 KFTFEFEE, TH.
Different lowercase letters indicate that the different soil layers of the same forest type have significant differences at P < .05 level, the same below.
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Fig.1 Soil organic matter, nitrogen, phosphorus, potassium and sulfate content of two forest types
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Fig.2 Exchange cations and exchangeable acid content of two forest types
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Table 3 Analysis of variance of the influence of forest type and litter decomposition layer on nutrient element content
aim BRI 28, 28 e e e
F[g? g Organic carbon  Totalnitrogen  Total phosphorus  Total potassium Total calcium Total magnesium
actor
f F P F P F P F P F P F P
HE 1 1553 0236 0255 0.623 20434 0.001** 3.080 0.105 9.326 0.010* 4464 0.056
Forest type
YHZ@%E 2 11.549 0.002** 1456 0271 5403 0.021** 2597 0.116 31.569 0.000%* 28.332 0.000**
Litter layer
AREL X H‘JE%}%’ 2 1214 0331 1254 0320 0.057 0.945 0.256 0.778 0.593  0.568 0.386 0.688
Forest type X Litter layer

&R ZR C/P K TR M. H—HETEZH
fRJZ C/N 1 C/P BRI KD RIE > RORE >
BHEEE, BESREZREREE (P<0.05) .

TRADSHRBEAEMRENXR

RDA HE/F BB 4k LBk T B R AR AL 0 ~
20 cm 2B LEFR oM EREYREXRE
Z (B 4f1E5) . RDAMHTER, #£0~10cm
TEwd, BHEBEEAIK. BERZE C/N fisg
REE NIRRT BRSO RERET. W
Bl 4 Fin, RDASE 1 MR 2 HAHBETEE
] 66.0% M 22.4%. SRR ZH IR LEF 5

33

MEmRX, EREFEAMHER, HERET LR
23354k 58.0% (P=0.002) , HIXABHFEE C/N,
S5+BANSERERML, BRT IERITH
K] 24.0% (P=0.042) .

RDA &R, #£10~20cm LEF, /&
HREANE. LaBER RS EE CN
R EF ST RBE . WE S T,
RDA %5 1 BiF1%E 2 B FIAERE T BB K 62.9% M
21.0%. JREEEB YN L EF MK,
EREENMR, HERT LEFITHH 51.0%

(P=0.002) , HIRRNFHEBER IR fEE
C/N.
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Fig.3 Nutrient content of litter in each decomposition layer of two forest types
#®4 FERHRETRESHRE CN R C/P'
Table 4 Different decomposition layers C/N and C/P of two forest types
PF MF
4}fi# )2 Decomposition layer
C/N C/p C/N C/p
K4 fEZ Fresh litter 42.82+1.18a 1137.10£19.58 a 40.54+0.68 a 1328.941+60.34 a
2 M#E Fragmented litter 3491£1.59b 942.74+13.51b 3411073 b 1050,611+43.82b
JB# 2 Humified and amorphous litter 31.12+0.51b 895.92+23.30b 30.53+1.13 ¢ 891.97+65.88b

t FEFHFRRA—HEREHMER CONRICP R P <005 THREE.
Values are represented different letters indicated significant differences of C/N and C/P contents of the same forest type between different decomposed layers (P << 0.05).
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FE2M

RD2 (22.4%)

OH-C/N

OH-C:58.0%, F=5.420, P=0.002

OH-C/N:24.0%, F=3.100, P=0.042

-1.2 1.5
RD1 (66.0% )

-1.2

SOM: HIEHEHR Soil organic matter; TN: T34 Soil total nitrogen;
TP: 134 Soil total phosphorus; C/N: HIEBRELL Soil carbon to
nitrogen ratio; C/P: 3%BRBELL Soil carbon to phosphorus ratio; NH,'-N:
L8R Soil ammonium nitrogen; NO3--N 3884 % soil nitrate State
nitrogen; OL-OC: R4 #ZEH HLBK organic carbon of fresh litter; OF-OC:
3£ SMEZHT HLBE Organic carbon of fragmented litter; OH-OC: R E
F BB Organic carbon of humified and amorphous litter; OL-N: R4FEZE
£ Nitrogen of fresh litter; OF-N %4M#ZE & Nitrogen of fragmented litter;
OH-N: %5 =& Nitrogen of humified and amorphous litter; OL-P: k4
##Z8% Phosphorus fresh litter; OF-P: 24} 2 8% phosphorus fragmented
litter; OH-P: J&%E /% /25 Phosphorus humified and amorphous litter; OL-C/
N: RAOMBEBE L Carbon to nitrogen ratio fresh litter; OF-C/N: ¥4MEE
AL Carbon to nitrogen ratio fragmented litter; OH-C/N: JERELR ZHRE L
Carbon to nitrogen ratio humified and amorphous litter; OL-C/P: R4 #EH
B Carbon to phosphorus ratio fresh litter; OF-C/P: 24MBE8:E L Carbon
to phosphorus ratio fragmented litter; OH-C/P: JEHELH EBHBEH Carbon to
phosphorus ratio humified and amorphous litter.

B4 0~10cm TEETRFSSHHEEAEVREN
RDA HEFFE
Fig. 4 RDA ranking of soil nutrients and existing litter
nutrients in 0-10 cm soil layer
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Fig. 5 RDA ranking of soil nutrients and existing litter
nutrients in 10-20 cm soil layer
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