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Vertical Characteristics and Seasonal Dynamics of Soil Nitrogen Components at
Different Elevations in Liziping Nature Reserve, Sichuan
TAN Hao, TUO Yunfei, FENG Yongyu, HE Lisha, CHANG Xiang, LU Qiwei, HE Xiahong

(Ecology and Environment Department in Southwest Forestry University s Kunming 650224, China)
Abstract; [ Objective | To reveal the vertical distribution differences of soil nitrogen components (total
nitrogen, hydrolyzed nitrogen, ammonium nitrogen, nitrate nitrogen) in Liziping National Nature Reserve in
Sichuan Province and their relationships with physicochemical factors. [ Methods | In March, June, September
and December 2022, the vertical variation characteristics of soil nitrogen components and physicochemical
factors at altitudes of 1 800 m, 2 100 m, 2 400 m and 2 700 m in Liziping, Sichuan Province were determined
and analyzed, and the relationship between environmental factors and nitrogen components and their seasonal
differences were analyzed by multivariate analysis of variance and redundancy analysis. [ Results ]
(1) Altitude, season and their interaction had significant effects on soil nitrogen composition, and in March,
June, September and December the ammonium nitrogen content was 2 100 m=>2 400 m>1 800 m>2 700 m
above sea level, and the nitrate nitrogen content was 2 400 m=>2 100 m=>2 700 m=>1 800 m above sea level,
and the gradient increased over the month, the contents of total nitrogen and nitrate nitrogen showed a trend
of increasing first, with the maximum content of total nitrogen and nitrate nitrogen being 1.25 g/kg and 8.26
mg/kg, respectively, in December, and the maximum content of hydrolyzed nitrogen and ammonium

nitrogen in March being 185.14 mg/kg and 5.80 mg/kg respectively. The variation of total nitrogen, hydro-
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lyzed nitrogen, ammonium nitrogen and nitrate nitrogen along the soil layer was consistent, and formed a
“V” shape. (2) The vertical variation characteristics between physicochemical factors and nitrogen compo-
nents in different seasons and altitudes were significantly different, and the contents of total phosphorus,
available phosphorus and available potassium increased first and then decreased along the depth of soil layer.
(3) Seasonal differences in the key factors affecting soil nitrogen composition, organic matter, non-capillary
porosity, available potassium, total phosphorus, available phosphorus and capillary porosity in March and
December, and organic matter, total potassium and capillary porosity, total phosphorus and available
potassium in June and September. [Conclusion] This study provides a specific production practice basis for

the response mechanism of soil nutrients to altitude and season and the comprehensive management of

ecological conservation in nature reserve.

Keywords: different altitudes; soil nitrogen components; seasonal dynamics; environmental factors;

redundancy analysis; nature reserve
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Fig. 1  Geographical location and sampling map of the study area
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Distribution characteristics of nitrogen components in different seasons
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Table 2 Vertical characteristics of soil physicochemical in different seasons
iy i /m T2/ TP/7 AP/ i TK{ AK/7 S()MZ o SMC/ CP/ NCP/ SBD/7
em (geke™) (mgekg ') (g kg™ (mge+ kg™ ) (g+ kg™ % % % (geem™™)
0—10  0.20Aa  25.62Aa  9.12Aa  136.89Aa 22.59Ac  5.59Aa  24.25Aa  52.19Aa 2.33Bc 1.21Aa
1800 10—20  0.22Aab  30.88Aa  9.09Aa  142.63Aa 21.66Ab  5.46Aa 15.74Bb  53.02Aa 2.48Bb 1.18Ab
20—30  0.19Aa  27.68Aa  9.13Aa  131.76Aa 19.76Ab  5.52Aa 16.07Ba  50.8Aa 7.05Ab 1.12Ba
0—10  0.11Aa 15.83Aa  7.86Aa  127.96Aa  52.52Ab  5.19Aa  22.99Aa  43.56Ab 5.59Ab 1.35Aa
2100 10—20  0.23Aab  20.71Ab  7.63Aa  133.95Aa  27.28Bb 5.42Aa 18.15Aab  45.43Ab 6.26Aab  1.28ABa
3 20—30 0.21Aa 17.96 Ab 8.04Aa  126.28Aa  25.22Bb 5.52Aa 16.29Aa  47.260Aab 8.33Ab 1.18Ba
0—10 0.14Aa 13.76 Aa 8.14Aa 119.48Aa  69.42Aa 6.04Aa 23.60Aa 49.20Aa 5.63Ab 1.20Aa
2400 10—20  0.15Ab  15.47Ab  7.81Aa  141.43Aa  60.26Aa  6.30Aa  20.33Aab 50.70Aa 5.87Aab  1.15Bb
20—30  0.13Aa  14.97Ab  8.18Aa  116.42Aa 56.10Aa  5.46Aa 16.29Aa  51.78Aa 6.37Ab 1.11Ca
0—10  0.27Aa 15.90Ba  16.27Aa  154.59Aa  32.68Ac  5.78Aa  25.65Aa  42.08Ab 8.63Ba 1.31Aa
2700 10—20 0.27Aa 27.94Aa  16.25Aa 175.38Aa  25.77Bb 5.59Aa 24.54Aa 43.77Ab 9.18Ba 1.25Ba
20—30  0.27Aa 14.00Bb  16.28Aa  183.27Aa  19.62Cb 5.55Aa 15.85Ba  43.93Ab  14.32Aa 1.11Ca
0—10  0.25Aa  31.60Aa  9.55Cb  141.71Ab  40.24Ab  5.70Aa  28.03Ac  54.75Aa 2.49Bc 1.21Aa
1800 10—20  0.27Aa  33.32Aa  10.85Bbc  183.27Ab  36.29Ab  5.57Aa  24.7Ab 55.62Aa 2.66Bb 1.20Ab
20—30 0.22Aa 28.17Aa  14.26Ad  138.73Ab  25.45Ba 5.63Aa 19.61Bb 53.20Aa 7.54Ab 1.14Aa
0—10 0.16 Ab 31.19Aa  18.59Aa 97.05Ab  62.43Aa 5.30Aa 32.02Ac  45.63Ab 5.98Ab 1.34Aa
2100 10—20  0.18Ab  34.99Aa  9.88Bc  138.99Ab  30.90Bb 5.53Aa  24.81Bb  47.57Ab 6.7Aab 1.31Aa
6 20—30 0.15Aa 28.68Aa  20.45Ab  107.11Ab  25.46Ba 5.63Aa 17.05Cb 49.45Aab  8.91Ab 1.15Ba
0—10  0.18Ab  32.51Aa 16.87Ba  108.78Ab 71.66Aa  6.17Aa  32.60Ac  51.54Aa 6.02Ab 1.21Aa
2 400 10—20 0.21Aab  34.70Aa  15.60Ca 122.23Ab  49.5Ba 6.43Aa 29.40Ba 53.12Aa 6.28 Aab 1.11Aab
20—30 0.19Aa 29.78Aa  24.19Aa 116.65Ab  41.83Ba 5.57Aa 28.92Ba 54.25Aa 6.82Ab 1.13Aa
0—10 0.30Aa 23.63Aa  16.42Ba 234.75Aa  36.06Ab 5.90Aa 38.16Ad  44.01Ab 9.23Ba 1.29Aa
9700 10—20  0.20ABab 25.17Ab  11.90Ch  244.31Aa  33.11Ab  5.70Aa  28.72Ba  45.78Ab  9.82Ba  1.25Ac
20—30 0.17Ba 18.98Ab  22.36Ac 224.36Aa  27.51Aa 5.67Aa 13.62Bc 45.84Ab  15.32Aa 1.16Aa
0—10 0.33Aa 32.82Aa 9.92Cb 148.51Ab  41.85Ab 5.87Aa 30.27Ab  55.11Aa 3.85Bc 1.20Aa
1800 10—20  0.36Aa  34.61Aa 11.28Bbc  192.06Ab  37.74Ab  5.73Aa  26.68Ab  54.95Aa 5.07Bb 1.18Ab
20—30  0.29Aa  29.26Aa  14.82Ad  145.39Ab  26.47Ba 5.80Aa  21.18Bb  51.37Aab 11.20Ab 1.13Aa
0—10 0.21Ab 32.40Aa  19.31Aa 101.71Ab  64.93Aa 5.46Aa 34.58Aa 46.29Ab 6.87Ab 1.33Aa
2100 10—20  0.23Ab  36.35Aa 10.27Bc  145.66Ab  32.13Bb 5.70Aa  26.79Bb  48.86Ab 7.04Aab  1.30Aa
o 20—30  0.19Aa  29.79Aa 21.25Ab  112.26Ab  26.48Ba 5.80Aa 18.42Cb  50.23Aab  9.88Ab 1.14Ba
0—10 0.23Ab 33.77Aa  17.53Ba 114.00Ab  74.53Aa 6.35Aa 35.21Aa 51.99Aa 7.3Ab 1.20Aa
2 400 10—20 0.23Aab  36.05Aa  16.20Ca 128.10Ab  51.48Ba 6.63Aa 31.75Ba 53.54Aa 7.64Aab 1.09Aab
20—30 0.25Aa 30.93Aa  25.13Aa 122.25Ab  43.51Ba 5.73Aa 31.23Ba 54.49Aa 8.41Ab 1.12Aa
0—10 0.38Aa 24.55Aa  17.06Ba 246.02Aa  37.5Ab 6.08Aa 38.54Aa 43.75Ab  11.10Aa 1.28Aa
9700 10—20  0.23ABab 26.14Ab  12.37Cbh  256.04Aa  34.43Ab  5.87Aa  31.01Ba  46.39Ab  10.88Aa  1.24Ac
20—30  0.22Ba 19.71Ab  23.24Ac  235.13Aa  28.61Aa  5.84Aa 14.71Cc 47.49Ab  15.51Aa 1.15Aa
0—10 0.23Aa 22.55Bb 7.61Ac 66.02Bc  26.48Ab 5.17Bb 23.99Ab  51.56Aa 2.02Bc 1.23Aa
1800 10—20 0.24Ac 30.94Aa 5.41Ac 129.40Ab  24.49Ab 5.60ABab 21.43Aa 52.43Aa 2.16Ba 1.20Ab
20—30 0.19Ab 26.94ABa  8.77Ab 51.32Cb  21.83Ab 5.73Aab  17.92Bb 50.86Aa 6.13Ab 1.14Aa
0—10 0.19Ba 25.05Ab  11.72Ab 71.94Ab  53.38Aa 5.5Ab 28.91Aab  44.34Ab 3.78Bb 1.37Aa
2100 10—20  0.32Ac  34.88Aa  10.92Ab 72.50Ad  49.29Ab  5.43Aab  21.63Ba  45.84Ac 4.86ABb  1.31Aa
12 20—30 0.16Ch 24.76Aa  13.95Aab 55.05Bb  39.80Ba 5.60Aab  19.20Bb 47.44Aab  7.24Ab 1.20Ba
0—10  0.31Ba 30.93Aa  12.96Bb 72.73Bb  75.87Aa  4.87Ab  31.22Aa  48.36Aab  5.54Ad 1.22Aa
2400 10—20  0.57Ab  33.20Aa  10.73Cb 86.50Ac  71.07Aa  5.13Ab  26.76Aa  49.38Ab 6.31Aab  1.17ABb
20—30  0.13Bb 27.49Aa  15.55Aab  52.93Cb  68.30Aa  5.13Ab  26.43Aa  50.41Aa 6.89Ab 1.13Ba
0—10 0.50Ba 14.08Ac  19.88Aa 150.23Ba 24.29Ab 6.43Aa 25.28Ab  42.20Ab 7.50Ba 1.33Aa
2700 10—20 0.90Aa 21.87Ab  17.71Aa 165.67Aa  22.98Ab 6.20Aa 18.07Ba 43.43Ad 8.56Ba 1.27Ba
20—30  0.59Ba 15.23Ab  21.58Aa  146.09Ca  19.93Ba 5.60Aa 10.02Cc 44.95Ab  12.45Aa 1.13Ca

TE R AR KE F 8RR [k A /] 12 25 5 25 (p<<0.05) s RIR/NG FBEFR IR A R + 2 R R R 22 57 3 (p<<0.05)
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Table 3 Tests of intersubject—subject effects of altitude, soil layer and month on soil nitrogen components

5 TN HN NH, —N NO; —N

3 Df F P Df F » Df F p DI F P

M 3 38.340 <C0.001 3 26.780 <C0.001 3 12,530 <<0.001 3 1270.740 <<0.001

A 3 15.200  <<0.001 3 11.410 <<0.001 3 19.120 <<0.001 3 6165.770 <C0.001

SL 2 38.310 <<C0.001 2 7.750  <<0.001 2 28.530 <C0.001 2 851.670 <C0.001
M A 9 11.340 <<0.001 9 9.970  <<0.001 9 0.080  1.000 9 27.350 <C0.001
M * SL 6 2.600  0.020 6 0.350  0.910 6 0.110  0.990 6 3.780  <<0.001
A % SL 6 4.438  0.001 6 0.496  0.810 6 0.172  0.984 6 18.333  <C0.001
M=*AxSL 18 1.040  0.420 18 0.310  1.000 18 0 1.000 18 0.080  1.000

%1 HER R AES 2 HE T il G O R R T HE 4
78.91% (9 H)>78.24% (6 H)>75.21%(3 H F1 12
H) H AV EIERER 76.89% . %M 3.6.9,12 H
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3.12 HANLET B LI (AE B4 FL B RS B8 .
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BRAS 2T (B S50, AU SMER . EERA K
BN, RUAHLE S THLA R B F EMK(p <
0.0, EEBELBIELS &4 KM AR R EIEMX
(p<<0.05) , HALHR 55 7K fif AU 52 1235 TE AR C (p<<0.05)
WS KRR EM G, &S LA A
KLU B 5 TE AL AR B3 U 56 (p<<0.05) , B &L
WX A I3 AT 0RO, B A8 FLB R X R A0 B R
(p=<<0.05). 6,9 AN .28 BELEE 20 H
RO ET K B AT AT i B I A A oy A Ak, o
BB LI 285 20 51 S5 K fif R A e N, R
T LB A w0 ) S5k iR 2R R W AL
(p=<20.05) AT AL AT 4= 40 X6 JE AL RUAT 15 R0 8 A 4
5 R ARG (X HA U2 43 3R B AL
3 i
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010 cm; T U PRAF B 5% [ LLAN [ g 400 B 7R
MERAR L EEESMRELIN, 2R LA A
BIL B - 2 R B B 34 N T Uk /1

APPSR LR R &R LRI R XA
AR LA B R RE IS S
WY, A RZ B AR £ R
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ENTDAE G R g e n A N L iR N AR
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Hp ] 25 RO B 2 B I o R A i
B Ak AR JCHIL AU A T TG R A A 0 I AR L il
] 4 2 A o B
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