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P #2200, B B BRI AZARN T AR IR E 1
SN T 10 RRE I ARA G —4E, HATRIRTTE
WEDBIBIR SR T e At i B SR, H
SBR[ - e U™ B AR X Ei 2
IARRIRI, S, el piRh SR AZ TR AR Ak
ISR ARAMAE TR G, IR AN RIR L £

(0~5cm. 5~20 cm. 20~40 cm. 40~ 60
cm) HYRAALIE AR | A BRI AL T A
E, RIFTHREASFIEMIAZ AN T LR 1L
SO, O 2R AR T AZ RN MR 4 S IE 4 3
2%,

1 MEEFE
1.1 WREXELR

F 5% DX 38l o7 T A 44 B - T 0  1LL BEA Ad
(27°17'N, 118°01' E) . M X J& ma W #hAk 1t
WA MR, SRR, SBEM, WK
fili, AEHSIRAE 17~19 °C, AEYIRERR & A4
ZER Y J 1669 mm 1 1413 mm, 4EAH %}
MR 81%., #f Il HEELILTHER 32, HIRRREAE
100 cm DA b, MRFHEREFZATH ( Dicranopteris

dichotoma (Thunb.) Bernh) . 5= ( Miscanthus
floridulus (Lab.) Warb.) . [ { % ( Eriachne
pallescens R. Br.) . fi%# ( Woodwardia japonica
(L. F.)Sm.) . ##mA (Adinandra millettii ) %
1.2 Wit SHEmRE
TEFRAZ A LR B PR AL S 15 A2 [ TR A M X

MR IBIFFEXT G . S — T2 R A2 AR A% o [+
BRG T (12-FIRZE) 5 2 Mg X2 AR alibkit
Fria 5 AME R AR (R2-EEF ) o ASCPA-
R N R N L W T S A £ M e A v

( Mytilaria laosensis Lecomte) , %W Flifi 2F J15i
IJFHERER, EmrE W EmErRsh, £2-
I 2 b bR b 1% i il [ AR ( Phoebe bournei
(Hemsl.) Yen C. Yang), J&¥ 5t H# W Fl' H ifit
B, @ TAZ- TSR E IS . A 5T 28 U AR
SR R AE ) —ARRZ ARRR, BRI = 30 a
Y AR o 3 FPAR 3 B (B %5 B2 48 2687 ~2985
R-hm™, Sk S AZ- TR ASMRE DT IR B, A2-fi]
Bk Dy 3 Ukl A, AUl R 25%~
50%. A [RIAR A3 Te] f14) s BEAS i A0 30T . S7 Hb 2% AR AR
Blo MR HEAGEHAF B IZR 1,

z1 HEHERER
Table 1 General situation of sample plots
1R i3 ) SRR R R .
Vet m}i * 31 ARG RS AR A% i S i erg“f IS A B
Altitude  Slope [(#k-hm™)  [(¥k-hm™) )
Stand type Aspect Agela Agela Average DBH/cm . . Canopy density
/m 1(°) Density Density
KRS ARGl 289 24 & 35 — 27.21 550 — 0.7
A- B FAR 292 20 R 31 4 31.45 260 955 0.6
A=A 293 22 KR 32 32 29.48 420 120 0.8

AWFGEF 2022 4F 9 H AT HURE, fEAZ R4l
L AZ-TEFM . K2 -FTRSSR N 3 51 E 34
20 mx 20 m AR, R HD P i RS R A
BEALIEER 5 AN SRAE S R B, R T 0~
5cm. 5~20 cm. 20~40 cm. 40~60 cm f{ +
B, PN [E— R N 0 R RIR B AT
- A A BT OR VKA AR IR AR B 2% 2 S
Fo RBERAUWAR . AR YRR I 2 mm i
&, WA EART 4 C KB IRAE, TR
B =T, TR SRR bT B 5 R 505
1.3 IEFRIE
1.3.1 BRI E RS KR
(SW); HEMkilE pHME (Kt 25:1); H

1 mol-L™" 1) KCL ¥ i2 e 3t fef + 4% I FHE 223 5))
M AL ( Skalar San + + , fif 2 ) il %2 45 5 A
(NH,-N) . B A (NOg™-N); AlE A HLEK |
% ( DOC., DON) ] 0.5 mol-L™' 1y K,SO,
VS WO B B AT B0 5 1) 0.45 pum FLAR Y UE
JEE, I TOC-VCPN H 35 trfl (e, HA) il
A5 AT IR -K,SO, 12 I i fif + A )
AR . A (MBC., MBN); ¥ X1 )5 i 1 1
it 0.149 mm §ii J5 70 & 43 H{¢ ( Elemental EL
MAX CNS analyzer, 7 ) il + 3 Py /9 AL &
(TN). S (TC) &t

132 2RI MRFE  TIEENILERRBAF
SEEFRDEEFE, BHS T 10 g T+ i f et +
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BOE TR, IR S K F ] R KRR &
1) 60%. HEBSWITCHEE O REEH, 725 C 1Y
F ARG FR 28 d, WA 48 h TSN 252+ 7K DU
HEFp TSR o HEFRSE U S I R N S
RS ER &, RS S A M S A
AR AR ER Ny« SR
R (Namm ) FIEEEALTE A (Nyy) o ANER g3
NIEAEAER TIEAPLERL, A E AR S A
FAH A A DL BUEAE. HHEAXIT (RACY
mg-kg™-d™"):

Niin = (Can-a+CNN-a~CAN-b-CNN-b)/T

Namm = (Can-a=Can-b)/t

Nhit = (CNN-a~CNN-b)/E

o, CAN-a REEFRFESATE, CNN-a X
REFRAMERTE, cany (RIS RAS
i, onnp IURIEFRATIHASE S &, AR/,
1.4 HIELESSH

M Excel 2016 xf ¢ 4 #F 47 % 2 12 i1 5,
SPSS 26 X & AT HLIN R J5 2270 ( One-
way ANOVA ) F1 Duncan £ i H4 50 B A [al pk43
KR AFHEE LR TELZENZRME (p<
0.05), #IMH Pearson #H G M % &8 AR AT AH G

Hartr, KA RIET B “vegan™ X L1 A4 1k
R B AL M B 4T 9T & 43 1 ( redundancy
analysis, RDA ) . fifi ] Origin2023b k42,

2 RGN
21 MEEM RN RERE TR R

=210

T alibk, 2 -FIR M 1 5 pH (A 7E
0~40 cm +Z2N#H B EFEL (p<0.01), Z-fHE
FhRAY 13 pH 7E 0~5 om T2 B Z L TA2 A4k
(p<0.01) . AZ-FATRICARAENR 210 Bk it 54l
MAHEE &, A2-AEFRAE 0~20 om HHETRE
W &KE (SW) BEM T4 (p<0.01) o Xf
Fbalitk, A2-RiRscpd A+ 2 /9 Ea (TC) |
S (TN) SRR ENN (p<0.01) . E-lHE
FRARAY TC & Xt F4libkrE 0~5 cm + )2 W %
fiX, AR L)ZHRENI (p<0.01), TN &
1E 5~20 cm H1 20~40 cm + )2 B EH A (p<
0.01) . #Z2-FIRASMRAEZ-FEEFPARA HAZ A Zlibk
£ 0~5 cm 1+ )z 09 + e i A b W AR (p<
0.01), HEHE )2 8 FH I ( p<0.01)
(%£2),

x2 ARAMSEETARRETREERBEUMER

Table 2 Basic physical and chemical properties of soils at different depths in different stand types

o ER TRIRE " BKE Y% Ps¥i 3 B TR
Stand type Soil layer/cm 2 Sw TC/(g'kg™) TN/(g-kg™") CIN
0~5 5.50 + 0.18Aa 16.38 + 1.51Bc 32.47 £ 0.95Ba 2.17 £ 0.05Ba 14.99 + 0.27Aa
I 5~20 5.08 + 0.09Ab 20.90 + 0.43Bb 13.03 £ 0.07Cb 1.08 £ 0.01Cb 12.10 £ 0.05Cb
2 N2
20~40 4.96 + 0.07Bb 23.61 +0.50Ba 8.66 £ 0.19Cc 0.87 £0.01Cc 9.92 £ 0.09Cc
40~60 5.03 + 0.03Ab 22.65 + 0.44Ba 6.36 £ 0.13Cd 0.69 + 0.01Bd 9.20 + 0.08Bd
0~5 5.26 + 0.06Ba 12.47 £ 0.47Cc 28.66 + 0.17Ca 2.21£0.02Ba 13.60 £ 0.04Ca
5~20 5.06 + 0.02Ab 16.45+ 1.61Cb 22.07 + 0.06Bb 1.63 £ 0.03Bb 13.58 + 0.16Ba
12-FEERh R
20~40 5.10 £ 0.02Ab 23.43 + 2.06Ba 12.82 + 0.09Bc 1.03 £ 0.01Bc 12.41 £ 0.08Bb
40~60 5.18 £ 0.11Aab 23.46 + 1.84ABa 7.30 £ 0.09Bd 0.67 £ 0.06Bd 10.98 £ 0.78Ac
0~5 4.78 £ 0.04Cb 23.63 + 1.04Ab 48.58 + 0.53Aa 3.37 £ 0.02Aa 14.42 + 0.09Ba
Lo 5~20 4.77 £ 0.08Bb 27.16 + 1.70Aa 26.39 £ 0.17Ab 1.84 £ 0.01Ab 14.38 £ 0.02Aa
DR N
20~40 4.72 £ 0.01Cb 27.59 + 1.33Aa 18.11 £ 0.13Ac 1.30 £ 0.01Ac 13.95 + 0.02Ab
40~60 5.00 + 0.12Aa 29.34 + 0.96Aa 10.99 + 0.06Ad 1.01 £ 0.01Ad 10.90 £ 0.10Ac

E: KEFRRE—HERRAKD LB MNZER (p<0.05), NGFEAEER—HPRYAF T ZEZMMZESR (p<0.05) . NFA

Notes: Uppercase letters represent differences between different stand types in the same soil layer (p<0.05), and lowercase letters represent

differences between different soil layers in the same stand type (p<0.05). The same below

B 1R, Z-REMMARE 3T E AL
fix. & (DOC. DON) X HbaitkfE 5~20 cm.

20~40 cm + 2B E L (p<0.01), TAZ-REiR
ZHRE) DOC., DON & & 7 45 + )2 34 g 25 88 m
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22 MEARX . EMMARRELEERRNEMN
mE 2 iR, MEFAEZARLNK, 2-MERMMK
0~5 cm i1 5~20 cm +Z2HAEA% (NO3™-N) &
AR T 74.71% 1 186.39% ( p<0.01) .
E-lAEMMMAKY EEESA (NHS-N) & E7E
20~40 cm JZ & = T4tk 64.09% (p<0.01), #2-
PR ACHI NH,™-N % 5#7E 0~5 cm. 20~40 cm
+JZ A X} e A AR N T 114.82% £ 56.83% ( p<
0.01) . 3FPMAZEAI NOs™-N i 7E 0~5 cm
+EH R ESTHE 32 (p<0.01), NH-N
i B R EE R IR
23 MIERZ.EMMNARRETERTLERY
=210
231 FR&EE 3RS NE ST L
R R EZE LY EAETREELS
(p<0.01) . HE 3%, FrfMZRAT L8R

0.01) . FZ-FEFMAE MBC &H7E 5~20 cm +
JEERZARSMA L B E I (p<0.01) .

—A— IR
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Reactive organic carbon and nitrogen content of soils at different depths under different stand types

WAL TR TR ETE 0~5 em )2y L, 78
HRT AR =T 0~5 cm E, 54k
LG, A2 -RE 2 FhoRA £ B8 A s R B T
111.19% (p<0.01), FZ-FAIRACHRAY IR 1k
BRI T 70.73% ( p<0.01) . TEAZ-FAEF bR
AR R A A A L SR
(p<0.01) . FEfZ-FEAIRICHRH 20~40 cm L2
Hrw b HR M L AR 2 B (p<0.01), T
40~60 cm [ AL W E 34 (p<0.01)
23.2 Ak F AR RS R
HESL R 0~5 cm 2 R e, HE 2N
(1) - e i A s e AE A B 2 22 R0 5 0~5 cm
ERBBUEE N (p<0.01) , TE4 AL 3 5
) 0~5cm JZ2H, SEARLMMLL, Z-FEmK
) - SRS AL R BN T 59.92% ( p<0.01), F2-
TR MG T 83.4% (p<0.01) . e ki
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Fig. 2 Soil available nitrogen content at different depths under different stand types

REMRW LR, E-AEMMAE 5~20 cm JZ4H
Fealipf i E1m (p<0.01) .

2.3.3 sk & AE 3FAROSEI R, KA
TIRR S E AR A e, H R R
HI7E 0~5 om Ak (p<0.01), B IR AR (11
IR B R BB B 7 0~5 cm 2,
2 -RAR AR (9 T 3 2 Al R 0 I T A2 AR 2l
M (p<0.01) . FZ-fAEFIMTE 20~60 cm )21
MO E A R S T AliAk (p<0.01) .
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EREE T 0~5cm 5 5~20 cm HIERYRE S A S
H, XJEH TR E RIS R T 2 A
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Fig. 3 Nitrogen mineralization rates of soil at
different depths under different stand types
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TEW A B ol B35 BT R = LR, 21
EFPRRRZ- VR SR 0 1 5 5 e A 3
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R AR AR B Sy, IR 2E 52 Je h
MM RS L) e IR N T AL P R 2 . B
S, TR S ] PR A 3 2 T 8 v Ay ) R
i, YRR SR BR 25 A ROk
TR, FEARBETEH, 2-RIRASHR ) TR . S
RS B m TR, HIEY s e
K A HUTHE A A TR LR LR
s . L, FMAAME T A B 0~5 cm )2
IR R AR SRR L W AT
YOATE—E RN, HHERA L RICRE AP
ST, WHRA PR AL H R R, T
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Permutation Test P-value: 0.012
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Narn
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10 Permutation Test P-value: 0.019
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RDA2 [1.07%]

DOC DON
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-0.5 0 0.5
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Permutation Test P-value: 0.005
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Group
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Namm

05}
S
R0
S
o
<
[m)]
4

-05

Niin
-10}
210 ~05

0

0.5 1.0

RDA1 [99.13%]
e ST: KARZMk; TZ: -IAEMM; MLP: #2-IfIRzcH
Note: ST: Pure chinese fir plantation. TZ: Mixed forests formed by replanting broad-leaved trees in the understory of pure forests after intercutting.
MLP: Mixed forests formed by simultaneous planting of Chinese fir and broad-leaved trees

B4 FAEHRSEBTFBUERSRT LERBH TR
Fig. 4 Redundancy analysis between soil physicochemical properties and nitrogen
mineralization rate under different stand types

KIFFE | YR G/ DB G A 9 i, e
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P TEPE A 28 Il Y8 . Holems 5P it
FEWERY, LT EEEYE, SEwriEtE
S B AR A AN (R B AR S T R A
R, EAREIER, AREA LR . BAEAR R K
+ R PSS ET R R A, R T
WA I 2 R TG PE i AL A HE T A AR 4k

F2-REEFObR b BE A8 BRIy DR ) B P A AT
IR RTE 2 N Bt 7/ e ST ) G
A P U 4 T AR B 2 M T AR L Bl
ARG, MRS N A PLEA R TR

4 i

FZRRTRAS R R R AT DR A2 AR TR 14
B, R R AR SR T R S E0R
SR T IEAR R T AR N R, AR
THRENEZAN TR R 25 B,
0~5cm L)Z HIEAV AR E 5 T T =L,
TR FER B EFEAE T 0~5 cm L2 A L
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F3  TESEWEE FRWLEER SR LEES HEELIERA Pearson X5
Table 3 Pearson correlations between net ammonification, nitrification and
nitrogen mineralization rates and soil propertie
0~5cm 5~20cm 20~40 cm 40~60 cm
Nt Namm Ninin Nt Namm Ninin Nt Namm Ninin Nt Namm Nrin
Nt 1 -0.637 0.778* 1 -0.563 0.924** 1 0.481 0.597 1 0.446 0.559
Namm  —0.637 1 -0.012 -0.563 1 -0.205 0.481 1 0.991* 0.446 1 0.991**
MBN 0.651 -0.879** 0.128 -0.264 0422 -0.118 0.751* 0.500 0.576 0.553 -0.122 -0.032
MBC 0.688* -0.939** 0.128 -0.375 0.377 -0.269 -0.835** -0.718* -0.788* 0.868**  0.082 0.203
DON 0.555 -0.972**  -0.071 -0.711* 0.367 -0.673* -0.870** -0.776* —0.846* 0.829**  0.233 0.337
DOC 0.721* -0.987** 0.131 -0.760* 0.457 -0.689* -0.921**  -0.646 -0.736* 0.817**  0.087 0.200
pH -0.856** 0.846** -0.421 0.392 -0.374 0.291 0.879** 0.796* 0.866** -0.144 0.465 0.410
SW 0.435 -0.939**  -0.201 -0.771* 0.457 -0.702* -0.763* -0.524 -0.599 0.770* 0.214 0.311
TC 0.590 -0.963** -0.019 0.226 0.036 0.285 -0.871** -0.137 -0.262 0.914**  0.315 0.425
TN 0.698* -0.970** 0.116 0.277 0.013 0.334 -0.899** -0.208 -0.331 0.871**  0.097 0.218
CIN -0.590 -0.162 -0.897** 0.194 0.045 0.251 -0.769* 0.068 -0.059 0.530 0.751*  0.773*
e Ny IS ENOER: Nypm: LHEFEAESR; Ny, DS ED R, *RRp<0.05, **%£x"p<0.01

Notes: N,;: soil nitrification rate. N,,n,: soil net ammoniation rate. N,,,: soil net nitrogen mineralization rate. *
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Effects of Mixed Forests of Chinese Fir and Broad-leaved Trees
and Understory Planting on Soil Nitrogen Mineralization

GAO Chang', FU Ruo-xian', MU Wei-jie', CHEN Liang-xi#, WU Wang-rong?, YU Yuan-chun’

(1. College of Ecology and Environment, Nanjing, Co-Innovation Center for the Sustainable Forestry in Southern China,
Nanjing Forestry University, Nanjing 210037, Jiangsu , China; 2. Hulushan State-owned Forest Farm,
Nanping 353015, Fujian, China)

Abstract: [Objective] Mixing with broad-leaved trees is an important measure to enhance soil fertility in
Chinese fir(Cunninghamia lanceolata) plantations forests. Exploring the effects of mixing with broad-leaved
trees on soil nitrogen mineralization at different depths in Chinese fir plantations can provide a reference
for the effects of mixing with broad-leaved trees on soil nutrient cycling in Chinese fir plantations. [Method]
Mixed forests of two classical mixed patterns ( Mixed forests formed by replanting broad-leaved trees in
the understory of pure forests after intercutting and mixed forests formed by simultaneous planting of
Chinese fir and broad-leaved trees. ) and pure forests of Chinese fir were selected for the study. Physico-
chemical properties, effective nitrogen content and nitrogen mineralization rate of soil at different soil
depths in the understory (0~5 cm, 5~20 cm, 20~40 cm and 40~60 cm) were determined. [Results] The
net N mineralization rate was significantly higher in the 0~5 cm soil layer than in the other soil layers. Mix-
ing and intercropping with broad-leaved trees significantly increased the soil effective N content and net N
mineralization rate in the 0~5 cm layer. Compared with the pure forest, the net soil N mineralization rate
increased by 111.19% in the mixed forests formed by replanting broad-leaved trees in the understory of
pure forests after intercutting and by 70.73% in the mixed forests formed by simultaneous planting of
Chinese fir and broad-leaved trees. Redundancy analysis showed that the amount of total carbon and total
nitrogen content was the important factor affecting the rate of nitrogen mineralization, water content, car-
bon to nitrogen ratio, dissolved organic carbon and nitrogen, and also had an effect on the rate of nitrogen
mineralization. Correlation analysis showed that the soil carbon to nitrogen ratio in 0~5 cm was an import-
ant influencing factor on nitrogen mineralization, whereas soil physical and chemical properties had differ-
ent effects on nitrogen mineralization among different soil layers. [Conclusion] Soil nitrogen mineralization
is closely related to soil depth, mainly occurring in the shallow surface soil and affected by a variety of soll
properties. Mixing and interplanting with broad-leaved trees can promote soil nitrogen mineralization in
Chinese fir plantations, and the positive effect on the soil nitrogen mineralization process is beneficial to
maintain and improve soil fertility of Chinese fir plantations.

Keywords: Chinese fir plantation; mixed plantation of Chinese fir and broad-leaved trees; understory
planting; soil nitrogen mineralization
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