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University, Nanjing 210023, China)
Abstract:  Objective This study aimed to reveal the characteristics of soil nitrogen (N) transformation in different clonal
Chinese fir plantations in Yangkou National Forest Farm of Fujian. This study provided theoretical basis for artificial nitrogen
management and improved seed breeding of different clones of Chinese fir plantations. Method An incubation experiment was
carried out with 7 different kinds of 15-year old third-generation excellent culture materials and seedlings (Y003, Y008, Y020,
Y061, Y062, Ysec and Ymix) as the research objects, and the basic physical and chemical properties, net N mineralization and
nitrification rate of soil of different clones were evaluated. Result The results showed that the net rates of N mineralization and
nitrification were significantly affected by different clonal Chinese fir plantations. Specifically, the net mineralization rate and net
nitrification rate were —0.09—0.118 mg-kg'-d™" and —0.021—0.051 mg-kg™"-d”', respectively. During the whole incubation period,
the average net N mineralization rate of Y061 was 0.117 mg-kg™'-d™', which was significantly higher than that of other clones and
followed by Ymix (0.046 mg-kg™'-d™") and Y062(0.033 mg-kg'-d™"). In contrast, the average net N mineralization rates of the
other four clones were negative, indicating the occurrence of net N immobilization. The average net nitrification rate of the Y008
clone was the highest, which was 0.051 mgkg'-d™!, followed by Ymix (0.003 mg-kg™'-d ")and Y020 clone (0.007 mg-kg™"-d™").
Conclusion The results showed that the soil N supply capacity and N retention capacity of Y061 and Y062 clones were
significantly higher than those of other clones, and the risk of N loss such as leaching in Y008 clones was higher than that of other
clones. Therefore, the clone species should be rationally selected to ensure the soil fertility supply in actual planting. This study
provides a theoretical basis for artificial nitrogen management and improved seed breeding of different clones of Chinese fir
plantations.
Key words: Cunninghaia lanceolata plantation; Nitrogen supply capacity; Soil nitrogen retention capacity; Mineralization;
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Fig. 1 Geographical location of Yangkou National Forest Farm of
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Table 1 Physico-chemical properties of tested soil
B A HSH AL ALK
B
b3 Organic Organic Bk bR A (%A
pH NHj -N NO3 -N Total N / C/N
Treatment matter carbon ( N Clay/% Silt/% Sand/%
. . gkg
/(mgkg')/ (mgkeg') /(gkg') /(gkg")
Y003 4.64+0.18a 7.85£1.70a 1.34+0.31bc 37.3+6.2b 21.6+3.6b  1.14+0.08d 18.9+2.5a 13.9+1.9ab 77.9+6.7a 8.1+4.7a

Y008 4.58+0.11a 6.17+0.64a 1.41+0.63bc 42.6+5.0ab
Y020 4.65+0.13a 5.75+0.84a 1.38+0.24bc 44.4+9.6ab
Y061 4.68+0.16a 6.53+0.39a 2.34+0.58a 43.4+5.0ab
Y062 4.80+0.09a 6.20+0.61a 2.22+0.21ab 40.5+5.6ab
Ysec 4.64+0.20a 5.97+1.99a 1.97+0.55abc41.8+2.0ab

Ymix 4.63+£0.13a  6.39+1.29a 1.23+0.30bc 47.2+3.2a

27.745.5a

25.1£2.9ab 1.30+0.11ad 18.6+1.1a 16.0+1.3a

27.4+1.9a

24.7£2.9ab 1.29+0.11bcd19.2+1.9a 13.6+£0.7ab 72.3%£1.7a 14.1+2.3a

1.35+0.11ab 19.1+0.5a 15.7+2.0ab 72.6+3.4a 11.843.1a

73.3£9.2a 10.7+10.3a

23.5+3.3ab 1.26+0.09bcd18.5+2.3a 14.8+0.7ab 73.8+3.2a 11.4+3.2a

24.2+1.2ab 1.33+0.05ac 18.2+1.0a 15.3£1.2ab 71.9+4.4a 12.7+5.1a

1.46+0.07a 18.8+0.6a 12.9+0.3b 75.4+8.9a 11.7+£8.7a

e 1) SRR BPkL . ARLE R A EOCR EE MO E o RIS RN Bk SR AN [ A B ) 22 53 . 3 ( P<0.05 ), Y003:
7 003 JoPEZ, Y008: ¥ 008 ot , Y020 7 020 TiEZH, YO061: ¥ 061 tEFR, Y062: ¥ 062 otk &, Ysec: fREE VI EA
MGEE 2 AR FIE RAN, Ymix: fREAE O EA KRGO RIERFFEE . TR, Note: 1) The content of soil clay, silt and sand was

determined by a laser particle size analyzer. Different lowercase letters in the same column indicate significant differences between different
treatments ( P<0.05) .Y003: Yang003 clone, Y008: Yang008 clone, Y020: Yang020 clone, Y061: Yang061 clone, Y062: Yang062

clone, Ysec: the second generation of seed garden in Yangkou National Forest Farm of Fujian, Ymix: clone mixed cutting seedlings in

Yangkou National Forest Farm of Fujian. The same as below.
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Fig.2 Dynamics of ammonium (a) and nitrate (b ) in soil with different clones
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Fig. 3 The net N mineralization rates of soil with different clones
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Fig. 4 The net nitrification rates of soil with different clones
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Fig. 5 Regression analysis and the fitting relationship between net mineralization rate (a) and net nitrification rate (b ) and basic

physicochemical properties

43~4.8 Z[H) (& 1), Fifi otk R AN TR LIS pH
SPORE A TER AT IS N IS (ENe I NI i 3=
1, Y061 Fl Y062 PR 11 pH & T HABL TR,
SR A A R A F R T HM R, X5
Zhang FPMHRFIE A RAN R, X ATRES R Il
A ES I RAE K, BV FEE 20 A F: 6
FRAE AN S IR AN L T 26 S 34 R PR A i bR £
Hgerp, SFEMAETTRE S EERH . Zhang SEPINHT
PUEF bR - A AL ORI R I, R R A R
ik 0.98 mgkg -, T H FRAHALAE AT LA 20 R
I (0.05 mgkg d ), XEAHFZE AL R LG
fo [V ESER tb  SP BE AE ARGET ,  TR) O A T AR 5T
HORTEI T RAZARN TAR M A SR A0 /R i 4 3=
SAER, BHE pH T B I 05 1k 4 P 1 T A
Bk,

S

4 45 B

AT S AN [R) JCAE R AL AR TR 25 52 ) 4
AR TR . P TN RAZAR N TR L e %

A R RAR, WX AL, Y061 Fl Y062 PiFh
Tk R AL AN TR 84 Ak R 25 1 T HoAb G
PEFR, UGB PR A AR E AN AR s T A
TR, HA KB SRR, B—
I, WFFELPL Y008 -3l fh i & 3 s T HAh
TR, FWIZ A B SR A A R B S
Ve G e T A TEME R, 7E AR T 2
HREME PIERRWABARE NS, ARFE TR
AN TR+ S A B AP A s, £
R LIRS 3 pH DI EIERR AL
7, HABFEA AR O R B 2R
FEZ 5 g h & itF— 2525 B R A R AE S R g h
&R 2, AN TOM: R R AL E e 12
HEEEA R AR

S %3k ( References )

[ 1] FangJ, Weng Y N, Li B E, et al. Graphene oxide

decreases the abundance of nitrogen cycling microbes

and slows nitrogen transformation in soils[J].
Chemosphere, 2022, 309: 136642.

[2] LiDIJ, LiuJ, Chen H, et al. Soil gross nitrogen

transformations in responses to land use conversion in a

http://pedologica.issas.ac.cn



34

TR ARTCHERZARN TR LA R AL E 811

[ 10 ]

[ 12 ]

[ 14 ]

[ 15 ]

subtropical Karst region[J]. Journal of Environmental
Management, 2018, 212: 1—7.

XulS, SuX, JiaZP, etal. Effects of warming on soil
nitrogen transformation rates, microbial biomass carbon
and nitrogen and enzyme activity in crust-covered soil
system[J]. Acta Pedologica Sinica, 2021, 58 (3 ):
788—797. [#RZEIL, TR, BIAMG, AF. MGEX LK+
I 7 0 e A R A W A e B R U AR
WA[J]. 4R, 2021, 58 (3): 788—797.]

Elrys AS, Wang J, Metwally M A S, et al. Global gross
nitrification

rates are dominantly driven by soil

carbon - to - nitrogen stoichiometry and total nitrogen[J].

Global Change Biology, 2021, 27 (24): 6512—6524.
Hardo B, Jiirgen A, Mats V,

mineralization and litter flux in well-drained downy

et al. Annual net nitrogen

birch, Norway spruce and Scots pine forest ecosystems[J].

Silva Fennica, 2018, 52 (4): 10013,

Elrys AS, Ali A, Zhang H M, et al. Patterns and drivers
of global gross nitrogen mineralization in soils[J]. Global
Change Biology, 2021, 27 (22): 5950—5962.

Zhao W, Zhang J B, Miiller C. Mechanisms behind the
stimulation of nitrification by N input in subtropical acid
forest soil[J]. Journal of Soils and Sediments, 2017, 17:
2338—2345.

Dan X Q, Meng L, He M Q, et al. Regulation of nitrogen
acquisition in vegetables by different impacts on
autotrophic and heterotrophic nitrification[J]. Plant and
Soil, 2022, 474 (1/2): 581—594.

Zhang J B, Cai ZC, Zhu T B, et al. Mechanisms for the
retention of inorganic N in acidic forest soils of southern
China[J]. Scientific Reports, 2013, 3. 2342.

Miiller C, Laughlin R J, Spott O, et al. Quantification of
N,O emission pathways via a "’N tracing model[J]. Soil
Biology and Biochemistry, 2014, 72: 44—54.

Cheng Y, Zhang J B, Wang J, et al. Soil pH is a good
predictor of dominating N,O production pathways under
aerobic conditions[J]. Journal of Plant Nutrition and Soil
2015, 178 (3): 370—373.

State Forestry Administration. China forest resources

Science,

report: Ninth national forest resources inventory[M].
Beijing: China Forestry Publishing House, 2019. [FE%
MOl R Ry, o ARAR BT A - 5 LR A AR T
T A M) Hest: EMol A, 2019.]
Selvalakshmi S, Vasu D, He Z J, et al. Soil nutrients
dynamics in broadleaved forest and Chinese fir
plantations in subtropical forests[J]. Journal of Tropical
Forest Science, 2018, 30 (2): 242—251.

ZhoulJ, LiQR, LiuM, etal. Neighboring tree species
alter uptake of NHI and NO;~ by Chinese fir[J]. Trees,
2021, 35: 459—467.
Lu R K. Analytical

chemistry[M]. Beijing: China Agricultural Science and

methods for soil and agro-

[ 16 ]

[ 17 ]

[18 ]

[ 19 ]

[ 20 ]

[ 21 ]

[ 22]

[ 23]

[ 24 ]

[ 25 ]

Technology Press, 2000. [&-an. L3tk 08105
B bR P ELOE R AL, 2000.]
Chmelikova L, Schmid H, Anke S, et al. Nitrogen-use
efficiency of organic and conventional arable and dairy
farming systems in Germany[J]. Nutrient Cycling in
Agroecosystems, 2021, 119: 337—354.

Cheng Y, Elrys A S, Merwad A R M, et al. Global
patterns and drivers of soil dissimilatory nitrate reduction
to  ammonium[J].  Environmental = Science and
Technology, 2022, 56 (6): 3791—3800.

MaHL, WeiCL, LiL, etal. Effects of glucose addition
on soil nitrogen transformation and net mineralization
and nitrification in Chinese fir plantation[J]. Forest
Research, 2014, 27 (3): 356—362. [H41%, #i& 2,
A S USRI RS AR bR L R R e b S
WALATH AL I L)), Ml B2, 2014, 27 (3):
356—362.]

Xiao HY, Liu B, Yu Z P, et al. Seasonal dynamics of soil
mineral nitrogen pools and nitrogen mineralization rate in
different forests in subtropical China[J]. Chinese Journal
of Applied Ecology, 2017, 28 (3 ): 730—738. [ &,
XE, KHN, & MR AR LT B E LA
WAL R A [T]. AR, 2017, 28(3):
730—738.]

Chen R, Xiang W H, Xu X, et al. Speed of soil nitrogen
mineralization and effect of fertilizer combined with
warming on It in different ages Chinese fir plantation[J].
Hunan Agricultural Sciences, 2010 (5): 125—129. [Pk
B, WA, BRI, GF. ORI A AR Ak K
X it A 48 VR A o 7 [T, 3 R O B, 2010 (5):
125—129.]

Zhang J B, Zhu T B, Cai Z C, et al. Nitrogen cycling in
forest soils across climate gradients in Eastern China[J].
Plant and Soil, 2011, 342: 419—432.

Li P, Lang M, Wei W. Effects of nitrogen application
amounts on net nitrogen transformation rates in forest
and agricultural black soils[J]. Chinese Journal of Soil
Science, 2020, 51 (3): 694—701. [Z=T-, Bpig, %4
Hi. AN [ e 2 ek %o A b A e P o U A R Y 5
()], MR, 2020, 51 (3): 694—701.]

LiH X, HuF, Liu M Q, et al. Characteristics of nitrogen
mineralization and nitrification in red soils [J]. Soils,
2000, 32 (4): 194—197, 214. [0, W&, X1
9, G LR R M LIRS LR TR (D], L,
2000, 32 (4): 194—197, 214.]

Harrison-Kirk T, Beare M H, Meenken E D, et al. Soil
organic matter and texture affect responses to dry/wet
cycles: Changes in soil organic matter fractions and
relationships with C and N mineralisation[J]. Soil
Biology and Biochemistry, 2014, 74: 50—60.

Ding SJ, Yang WL, Xin X L, et al. Effects of plough

layer thickness on the transformation and fate of fertilizer

http://pedologica.issas.ac.cn



812 + o ¥ 61 &
nitrogen in fluvo-aquic soils with different textures[J]. [ 32 ] LiP, Lang M. Effect of cultivation on gross and net N
Acta Pedologica Sinica, 2023, 60(6): 1687—1698. [T transformation rates in black soil relative to duration[J].
WA, B3, HEHmW, 5% BHRIREXHE -+ P E A Acta Pedologica Sinica, 2020, 57 (1): 165—173. [Z
RE AL m ] LRk, 2023, 60 (6): e, BT T B AR R R o A e R R i A
1687—1698.] R, £HE2EHR, 2020, 57 (1): 165—173.]

[ 26 ] DangPF, LiCF, Huang T T, et al. Effects of different [ 33 ] ZhaoC, He X X, Dan X Q, et al. Soil dissolved organic
continuous fertilizer managements on soil total nitrogen matters mediate bacterial taxa to enhance nitrification
stocks in China: A meta-analysis[J]. Pedosphere, 2022, rates under wheat cultivation[J]. Science of the Total
32 (1): 39—48. Environment, 2022, 828: 154418.

[ 27 ] ZhuXM, LiRC, LuJF, etal. Short-term effect of SO, [34 ] Chen Z X, Tu X S, Meng H, et al. Microbial

fumigation on soil net nitrogen transformation rates for process-oriented understanding of stimulation of soil N,O
Castanopsis carlesii  and  Cunninghamia lanceolata emission following the input of organic materials[J].
forests of northern Fujian, mid-subtropics of Chinal[J]. Environmental Pollution, 2021, 284: 117176.
Journal of Anhui Agricultural Sciences, 2013, 41 (6): [ 35 ] HeJZ, HuHW, Zhang L M. Current insights into the
24392441, [RHIR, ZFEME, RiEIF, 5. SO X autotrophic thaumarchaeal ammonia oxidation in acidic
SR T A AR P SR 1 R AR % R 5 i [T 2 L soils[J]. Soil Biology and Biochemistry, 2012, 55:
b B2, 2013, 41 (6): 2439—2441.] 146—154.

[ 28 ] Zhang Y C, Zhang ] B, Meng T Z, et al. Heterotrophic [ 36 ] Zhang Y,DaiSY,Huang X Q, et al. pH-induced changes
nitrification is the predominant NOj3 production pathway in fungal abundance and composition affects soil
in acid coniferous forest soil in subtropical China[J]. Biology heterotrophic nitrification after 30 days of artificial pH
and Fertility of Soils, 2013, 49 (7): 955—957. manipulation[J]. Geoderma, 2020, 366: 114255.

[ 29 ] Zhang J B, Cheng Y, Cai Z C.The mechanisms of soil [ 37 ] Steele KW, Saunders W M H. Soil nitrification activity
regulating nitrogen dynamics[J]. Advances in Earth and phosphorus uptake by ryegrass after nitrogen
Science, 2019, 34 (1): 11—19. [5k4 ¥, i, % fertiliser application[J]. New Zealand Journal of
FHEE. 3R B A R TR AL ML [J]. M BR Bl 22 0 e Agricultural Research, 2011, 23 (1): 83—84.
2019, 34 (1): 11—19.] [ 38 ] ZhangQL, LiuY, Ai GM, etal. The characteristics of

[ 30 ] KouL, GuoD, Yang H, et al. Growth, morphological a novel heterotrophic nitrification—aerobic denitrification
traits and mycorrhizal colonization of fine roots respond bacterium , Bacillus methylotrophicus strain L7[J].
differently to nitrogen addition in a slash pine plantation Bioresource Technology, 2012, 108: 35—44.
in subtropical China[J]. Plant and Soil, 2015, 391 (1): [ 39 ] Zhang J B, Miiller C, Zhu T B, et al. Heterotrophic
207—218. nitrification is the predominant NO;3 production

[ 31 ] Qiu X, Hou J, Guo N, et al. Seasonal variations and mechanism in coniferous but not broad-leaf acid forest

influencing factors of gross nitrification rate in desert

steppe soil[J]. Sustainability, 2022, 14 (8): 4787.

soil in subtropical China[J].
Soils, 2011, 47: 533—542.

Biology and Fertility of

(REHE: HEMA)

http://pedologica.issas.ac.cn



