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Effects of thinning on soil active nitrogen in Masson pine plantation
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Abstract: [Objective] To clarify the effects of thinning on soil activity nitrogen,and provide scientific
basis for thinning and soil nitrogen managements in forests, this paper studied the seasonal variations of
soil active nitrogen contents under different thinning intensities in a Masson pine (Pinus massoniana
Lamb. ) plantation. [Method) The study was conducted in a 29 a Masson pine plantation thinned by three
intensities (light thinning:25% tree removal, moderate thinning:45% , and high thinning:65%) in 2006 in

the Lishui Forest Farm of Nanjing. The soil samples were collected at layers of 0—10 and 10— 20 cm in
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April,July,October,and December in 2015, and the contents of four soil active nitrogen components (dis-
solved organic nitrogen-DON, microbial biomass nitrogen-MBN, ammonium nitrogen-NH, -N, and nitrate
nitrogen-NO; -N) were determined. The effects of thinning intensities on soil active nitrogen were analyzed
using un-thinned stand as control. [Result) Active nitrogen contents showed seasonal variations. Soil
DON, MBN and NOj -N contents were low in summer while NH; -N was high in summer and autumn. The
responses of active nitrogen components to thinning intensity also changed with seasons. As compared to
the control, thinning significantly (P<C0. 05) reduced soil DON content in spring and winter, while in-
creased it in summer and autumn. Light and moderate thinning significantly (P<C0. 05) enhanced soil MBN
content. High thinning significantly (P<C0. 05) increased soil MBN content in spring and winter, but re-
duced it in summer and autumn. Thinning significantly raised soil NH; -N content in spring and summer,
reduced it in autumn, but showed divergent effects in winter (light thinning had positive effect, moderate
thinning had negative effect, while high thinning appeared to be neutral). As compared to the control, light
and moderate thinning significantly increased soil NO; -N content in spring and reduced it in autumn. Light
thinning had no effect while moderate thinning had significantly positive effects on NO; -N content in sum-
mer. High thinning significantly increased NO; -N content in spring,reduced it in summer and winter, but
had no effect in autumn. [Conclusion) All thinning intensities had effects on soil active nitrogen contents,
and moderate thinning improved the soil active nitrogen use efficiency. Therefore,it would be appropriate
to employ moderate thinning to improve soil nitrogen status.
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Table 1 Basic status of stands thinned by different intensities in 2015

I i BIE/ () AR B - bm O PR om TR /m (G
Thinning Aspect Slope Stand density DBH Height Canopy

CK P54t NW 20 2 580 13.51 11. 65 0. 90

LIT Pide NW 20 1920 17.47 13.62 0.85

MIT PEde NW 20 1410 18.70 13. 83 0.65

HIT it NW 20 900 19. 22 14.07 0.55
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Table 2 Changes of soil physical and chemical properties after thinning
» . i/ °C KR/ N AHLEK/ (mg « g~ 1) 2R/ (mg« g™ ") i/
e Ii] 4% Temperature Water content SOC TN C/N
Season Thinning
0~10 cm 10~20 em 0~10 em 10~20 em 0~10 cm 10~20 em 0~10 ecm 10~20 em 0~10 em 10~20 cm
CK 14.44 b 13.87 ¢ 25.55 a 19.80 b 18.22 a 14.71 a 1.38b 1.26 a 13.22 a 11.65 a
SE LIT 14.48 b 14.22 b 22.59 b 19.20 b 19. 26 a 10.91 b 1.44 b 1.22 a 13.35 a 8.92 b
Dprin,
prng MIT 14.53 b 14.13 b 25.59 a 22.90 a 18.21 a 9.92 b 1.53 a 1.13 b 11.91 a 8.77 b
HIT 15.20 a 14.58 a 23.57 b 17.92 ¢ 20.41 a 8.71 b 1.58 a 1.06 ¢ 12.95 a 8.20 b
CK 25.82 a 25.61 b 27.74 a 17.99 be  20.71 a 11.10 a 1.88 a 1.45 a 11.04 a 7.65 a
S L] LIT 26.14 a 25.93 a 22.66 ¢ 18.74 b 15.22 ¢ 10.04 b 1. 70 be 1.39 a 8.94 b 7.24 a
Summer
MIT 25.70 a 25.45 b 25.20 b 21.71 a 17.10 be 8.21 ¢ 1.76 b 1.30 b 9.73 b 6.31b
HIT 26.06 a 25.78 ab 23.43 ¢ 17.04 ¢ 18.39 b 7.07 d 1.65 ¢ 1.18 ¢ 11.12 a 6.00 b
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R 2(&) Continued table 2
i R/ &KE L (g -5 ) SR/ (e g D /R
S;I)n Thinning Temperature Water content SOC TN C/N
0~10 cm 10~20 cm 0~10 cm 10~20 ecm 0~10 em 10~20 em  0~10 cm 10~20 ecm 0~10 ecm 10~20 cm
CK 15.14 b 15.21 b 16.64b 15.83b 13.60 b 9.17 b 1.51 be 1.29 ¢ 8.99 be 7.11 a
Auﬁmn LIT 15.54 ab  15.76 a 15.47 ¢ 13.55 ¢ 14.21 b 9.84 b 1.54 b 1.40 b 9.22 b 7.04 a
MIT 15.83 ab  15.96 a 20.74 a 19.63 a 21.23a 12.08 a 1.65 a 1.48a 12.91 a 8.19 a
HIT 15.93 a 16.10 a 13.10d 11.06 d 11.20 ¢ 7.20 ¢ 1.47 ¢ 1.36 b 7.62 ¢ 5.30 b
CK 6.68 a 7.15 a 20.82b  15.85¢ 14.21 d 9.80 ¢ 1.29d 1.17d  11.02 a 8.35 a
Wf:ter LIT 6.42 a 6.91 a 21.28b  17.90b  18.88a 11.75b 1.71 b 1.36 ¢ 11.07 a 8.62 a
MIT 6.41 a 7.01 a 25.38 a 22.81 a 16.95b 12.97 a 2.10 a 1.58 a 8.08 ¢ 8.20 a
HIT 6.42 a 6.96 a 19.63 ¢ 17.61 b 15.21 ¢ 10.03 ¢ 1.62 ¢ 1.50 b 9.37b 6.69 b

TE < [ 81 B8 5 A AN [l /NG 5 B 3R ] — 22 5 A [ ] AR 8 B ) 2 S5 Wk 35 (P<C0. 05)

Note; Different lowercase letters represent the differences in each season under different thinning intensities were significant (P<0. 05).
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Fig. 1 Changes of soil DON contents under different thinning intensities in Masson pine plantation
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Fig. 2 Changes of soil MBN contents under different thinning intensities in Masson pine plantation
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Fig. 3 Changes of soil NH; -N contents in soil under different thinning intensities in Masson pine plantation



1z

Th g B 5 (A ARO0T h RRAS N CAR  S T  RUAH 3 Y  TR 49

H & 3 38 AT A, 550 REAE HUAH L A 2R 3 R (1K
S RSB I 2 (P<<0. 05) $& /& T+ 3 NH, -N & &,
L B[R] ARAL R AR B B B, R 2 - NHL N
R T 45.97% . ER)Z + NH -N e 7
66. 49 Y0 5 FL R 55 B (] AR Ak 3, 43 ) 4l 2% 2 + A
W22 £ NHI-N & & §2 & 7 34, 48% H0
16. 67 %6 , v B2 0] £ Ak 300 43 51 $2 8 17 15. 659 Fl
17.80%

B RZ L R E R NH-N & &
(5% M AT 582 (P<C0. 05) , oAt 9 A i) 4 988 3
X4 NH -N & 8 JC 8 E 5 m; £ JZ i
58 85 [ R Ah 3L 19 2 T 00 Ak (5 0] JERE b A L 4R
5T 50. 21 00) T 55 8 e BE ) £ A 3 43 S AN 4
T 28.79%F1 22.99% (& 3),

5k BERE M A EL L o R RN SR B (R AR S L Bk R R 2
4 NH; -N £ 3 (P<<0. 05) FEAK. 40 BB % T
7.53%H130. 69 % W2+ NH -N & #7E 3 4
J¥] R Ak B 1) 0 2 (P<<0. 05) B AR, 59 B (] 4% L o
Vi) £ 8 J3E () AR A B0 1) AU T 8. 48040, 6. 93 06 FlI
26.62%,

H & 3 Al &R E MW R Z - NH -N
o 2 ) AR B BE 5 e 1 AR AR — B0, 50T BERE
AH G, 55 5 [B] AR 43 il R 2 R J2 b NH -N &
BN T 19, 42%0 80 7. 75 % . v BE e 4R 4 B ik 2 )2
W2+ NHO-N & & BT 24, 39% Ml
20. 90 %0 » i J3E [A] AR5 M BORAS 1 35

A3 A T A% 4 NH, -N £ 4E S S48 4 28 4k
(B 3) e B, 5 %8 BEORE HiAH EL . 55 P8 R 5 B2 (] £ 3% in
T H3ER NH, -N & & iR )2 - R ZE L NH, -
N & & 98 T 11, 49%., 8. 42% F 1. 65%,
12.30 %6 5 v JiE (] Al 4 0N 4 + 3 1) NHL -N & 57 &
DRI T 4% . EKIE A NH/-N & (F 4. 897
mg/kg) W & F W E£ 2+ CFE4 4. 072 mg/kg) .
2.5 HEEKEZEMAIMNIEHISRZRNH &

& 4 AT NO; -N & 5 19 2= 35 P AR (R AR 5
HZ&+ 3 NO, -N &1 0. 23~0. 79 mg/kg) ik F
Hofth 3 4NZEAT, £ HE NO, -N & 8 19 2515 48 16 30 4
KEANKFE>KFE>FEF>T R, X EZ ML
)20 NO; -N & 5 52 Wi I A — 5,

OCK:E LIT;O MIT; A HIT

7r a )
o 0~10 cm I o 10~20 cm I a a
2 a T I
« o T 7! a b
S St qd 5
g gn 2 b
;—:é ‘b 7z
Z. s b i b a a 1A b a
OE 3 : : Z bc
b= : C
%2 Z d b 7| : 7
i : ? 7 ;
R 1 : bpa Z Z T CF b ¢
= : < z : bcla 2 U
118 . nNa A A S llA . aa0s. LG HHLE.
Spring  Summer Autumn Winter Mean Spring  Summer Autumn Winter

P4 R AR T T A N LA L3 NOy -N & i py 42 {k

Fig. 4 Changes of soil NO; -N contents in soil under different thinning intensities in Masson pine plantation
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H & 4 38 AT, 550 BERE R L . 46 2 4% b ) AR
5 FE 44 1 35 (P<<0. 05) FEAIR 1 1248 NO; -N % & . 55
BE PR iR AR AL B R 2 £ NO; -N F i 4 i B
8 7 52. 79%, 38. 28% Fl 58. 92%., W % )2 +
NO; -N 2 & 4> % FE K T 49. 50%., 40. 69% #i
55.90%
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T 19.16%, W3 )2 L BRI T 27. 66 %05 1 B [A] 4%,
W EZEE NO; -N &AM R E, TRZ L F
IR T27. 66 00 s 3 B ] R Ab BE 2 )22 + NOy -N & &2 B%
flRT 10.94 % WRZ LIEILT 21.33%, RIZLW
NO; -N & & P 2. 970 mg/kg) m TR Z + CF

] 2.136 mg/kg),
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Table 3 Effect of thinning intensities,seasons and soil layers on reactive nitrogen in Masson pine plantation
g H th B DON NHi N NO; N
Treatment df F P F P F P F P

T 3 18. 453 <20.001 94. 296 <20.001 49.199 <20.001 35.476 <20.001
S 3 145. 241 <20. 001 131. 888 <20.001 1423.924 <20.001 1272.352 <20.001
L 1 434,442 <C0. 001 135. 378 <20. 001 287.958 <20. 001 307. 554 <20. 001
TXS 9 8.391 <20.001 32.414 <20.001 100. 158 <20.001 118.479 <20.001
TXL 3 4. 944 0. 004 5.989 0.001 13.548 <20.001 6.562 0.001
TXSXL 9 9.138 <20. 001 11. 751 <20. 001 6.142 <20. 001 12. 906 <20. 001

T R AL S, v L. =

Note: T. Thinning intensity;S. Season; L. Soil layer.
N N
SHE A

3.1 @3t DON #1 MBN & 21 &M

458 DON J&: i 4= W 28 K 09 RO 2 A HLR
WAL B SRl B R e R E b 5 AR K R
- AR T 45 R W [ AR R 3 (P<<0. 05) BRIk T
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