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Abstract: Nitrogen (N) is a main limiting factor for plant growth and development in many regions. Soil organic N,
accounting for up to 95% of the soil N pool, cannot be used by plants directly, but can be absorbed and utilized by plants
) and

) rates have been considered two important indicators for evaluating the stability and function of

after being mineralized into nitrate N (NO;-N) and ammonium N (NH;-N). Therefore, soil net N nitrification (N

nit
net N mineralization (N
an ecosystem. Caragana microphylla, a leguminous and sand-binding shrub, is a dominant species widely distributed in the
Loess Plateau of northwestern Shanxi. Previous studies on soil N dynamics have mainly focused on forest, grassland, and
farmland ecosystems to study the effect of environmental factors such as temperature and humidity on soil N mineralization

and nitrification. However, few researchers have focused on soil N dynamic changes under shrub lands in arid and semiarid
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regions. The objective of this study was to explore the content of NO;-N and NH}-N and the rate of soil net N nitrification
and net N mineralization under Caragana microphylla shrubs as a function of plant age. We used a closed-top PVC tube in
situ incubation method to detect the soil net N mineralization and net N nitrification in Caragana microphylla shrubs of
different ages (5, 10, 20, 30, and 40 yrs) in the northwest Shanxi Loess Plateau. The results indicated that NO;-N
accounted for a larger proportion of mineral N in Caragana microphylla shrub soil. The NO;-N concentration was 1.5—15.4
times higher than NH-N in the same month of different years. Soil net N nitrification and net N mineralization rates
increased as the Caragana microphylla shrubs’ ages increased, with the greatest average rates from May to October (40.2
and 44.1 mg m™ d™', respectively) being observed under 30-year-old shrubs. The net N nitrification and mineralization rate
increased faster in July and August relative other months during the growing season. The net N nitrification and
mineralization rates were 86.9 and 93.1 mg m™> d™', respectively, at 30-year-old shrubs, which had the highest rates of all
age classes (P< 0.05). The total net N nitrification and mineralization also increased with increased age of Caragana
microphylla. The total net N nitrification and mineralization from May to October increased by 3.7- and 3.1-fold at 30-year-
old shrubs, respectively, relative to 5-year-old shrubs. During the Caragana microphylla growing season from May to
October, 2.3% of soil total N was mineralized into inorganic N, 87% of which was eventually transformed into NO;-N. The
results of this study provide great insight for guiding shrub utility and land management in the establishment and

development of shrub ecosystems in the Loess plateau.

Key Words: Caragana microphylla shrubs, net N mineralization and nitrification, northwestern Shanxi Loess Plateau
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Table 1 Soil physical and chemical characteristics in different ages of Caragana microphylla shrubs

AR Year oH EC/ AL OM/ S5 TN/ % # BD/ Fhkr ;b'};{q Rbskr
(Ms/cm) (g/kg) (g/kg) (g/em?) Clay/% Sil/ % Sand/%

5 8.23+0.0la  0.34x0.01b  3.93x0.12¢  0.410£0.05¢c  1.47#0.03¢c  13.39£0.36b  8.51+1.16c  78.10+1.04a

10 8.20£0.03ab  0.35:£0.01b  4.1320.15¢c  0.440+0.04c  1.42+0.04c  13.80+1.33b  10.03+3.64c  77.16+4.41a

20 8.17¢0.04b  0.35+0.02b  5.32¢0.20b  0.557+0.01b  1.34+0.02b  13.48+0.83b  10.41+5.44c  76.10+6.05a

30 8.08+0.04c  0.42%0.0la 7.11£0.19a  0.647+0.02a  1.22+0.03a  14.13+1.32a  28.28#6.73a  57.59+7.76¢

40 8.100.07¢c  0.43%0.0la 6.49+0.28a  0.643+0.0la  1.24+0.04a  13.87+1.17b  18.10+2.50b  68.03%1.37b
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N.. =(Ny-Ny )/(T-T.,)
KN R T RHE N R EHLA (NH-N +NO;-N, 5 NO;-N) &, N, N T, BN 350 TTHLA
T,

BBV B Y R + AL/ RS (mg kg™ A7) 45 & A, n] A AR R R
P 0—30em 2 HHEE L/ LR (mg m™ d7") A fb/ b (mg /m?) , JUAEEERIHRE 1L ik
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PRifEZE

3 ERESH

3.1 /NSRS LA [A) A R AFBR A [A) AR R = LWL A sh A58 1k
AFEAERAERAR A K ZE T REOIA S & WL 2, WNREL, LI NOJ-N & E I TR TR &0
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Table 2 Monthly dynamics of mineral nitrogen concentration in different ages

HAy THLAR 54 10 47 20 47 30 4 40 4

Month Inorganic Nitrogen S5-yr 10-yr 20-yr 30-yr 40-yr
5 NO;3-N/(mg/kg) 1.9720.10d 3.92+0.15¢ 6.95+0.17b 8.41:0.78a 9.65+0.83a
6 2.56+0.06d 5.12x1.18¢ 8.600.34b 10.310.67a 11.62+0.63a
7 3.34x0.13d 6.68+0.21c 12.40=0.36h 14.5120.55a 15.73+1.04a
8 4.50=0.21d 9.00+0.11¢ 17.060.20b 21.63%0.73a 22.54+1.93a
9 5.08+0.16d 10.160.08¢ 18.50+0.70b 23.40+1.42a 24.14x1.16a
10 5.620.09d 11.44£0.45¢ 19.881.22h 24.90+1.05a 25.62+1.26a
5 NH;-N/(mg/kg) 1.3520.63a 1.1520.45a 0.450.25a 0.63+0.19a 0.67+0.33a
6 1.75+0.93a 1.51:£0.89a 0.57+0.09a 0.7320.14a 1.01:£0.06a
7 2.29:0.40a 2.02+0.39ab 0.83+0.06b 0.99+0.221 1.67+0.88ab
8 2.38+0.91a 2.090.87a 1.30£0.07a 1.50+0.33a 1.90£0.43a
9 2.45:0.20a 2.30+0.19a 1.62+0.78a 1.900.56a 2.23+0.55a
10 2.49x0.56a 2.37£0.64a 1.72£0.37a 2.25+0.98a 2.48+0.23a

AN A F R AR ) T 3 S [RI4E B 1) 22 5 1.3 (P< 0.05)

R3 MHEGIILEATRERERTAFHTLELNAIETNL

Table 3  Soil N,;, concentration in different incubation periods and different ages

min

AR R TAHLE & N, Concentration /(mg/g)

Year 5 H May 6 H June 7 A July 8 H August 9 A September 10 H October
5 3.32£0.10c 4.3120.06¢ 5.63%0.13b 6.910.21a 7.5320.16a 8.11x0.09a
10 5.07+0.15¢ 6.63x0.18c 8.69+0.21b 11.100.11ca 12.46+0.08a 13.812£0.25a
20 7.4%0.17¢ 9.1720.34c¢ 13.23+0.36b 18.36+0.20a 20.12+0.47a 21.6+0.24a
30 9.04+0.78d 11.04x0.50d 15.5+0.55¢ 23.13+0.73b 25.3x1.42ab 27.15%1.30a
40 10.32+0.83¢ 12.631.11c 17.421.04b 24.44%1.93a 26.37+1.77a 28.1x11.97a

AR FBE IR A — 4 FRAS [F] 22715 (8] 25 55 2 3 ( P< 0.05)

3.2 AR AEFR/INHEE X LHE N 398 0 fL AU g R

NI EES JLHE A K2R RIS AL A L SR (B 1) F,5—6 JIH 5 A4 /N4 3 L 11
B AL R A b R 5 1K, 20 45,30 4F 1 40 4P Az /N4 XS L - S80S A s R R fb R 0 25 = T 5 A (P<
0.05) . 7—8 H 2k B A A Ak 2 32 PR B 1, 30 A Az /N4 XS L - HERS Ak R Rk 83 43 3] 3k 2]
86.9, 93.1 mg. m™>.d™", BE R T 5 4,10 4-F1 20 4542 (P< 0.05) ; A9 H 43 IF b, H3ERS (L S fb =TT
U R R, 3] 5—6 A AYKFE, MHEAERKFIATET, T3 b s SR A (b o S /N B X LA KA PR AE
KB BN, 2] 30 4Fi8 2] g, 5055k 40.2,44.1 mg m™ d™'
3.3 AFEAERAFR/ N HEXS JLHE R LA L RS

Bl 2 T 2N R AR AR R/ INTH S L - 64 25 Ay v] RE 2R AL F A f i . RBUE 35 1
AR A AT (b R — 3, 7—8 A RS A K ARBR /N 53X L AU A A 1k it B ey e
FEUCIIE] 30 44 AR AL S5k B e, A iR 5 AR AR IR L S e B Y 5.09 i RN
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Fig.1 Soil net N nitrification rates (A) and net N mineralization (B) in different incubation periods
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Fig.2 Soil accumulated mineral N (A) and NO3-N (B) in different sampling date
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T Ak s EAT Bt /N B3 0 LR AR R EE K T8, 31 30 4 2RI, IR AL 501k Bk Bl iR, 5 5 452k
AHEE, 203 T 3.7 #0131 %, IR AL RIS fL S by A LU 0B, 0 2541 BR e 10 S 4 U
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Table 4 Net mineralized N and nitrified N accumulation during the whole incubation period in different ages

2R (Ty) B (N,) SFREAL (N,

o . Total Nitrogen _ : Nel N\ilzgen mineralization S— Net Nitrogen nitrification

Lo PR\t DR e 2 I Ly 2 T
Noin”/ TN/ % N,./Tx/% N,/ Noin/ %

(g/'kg) (g/m?) (mg/m?) (mg/m*)

5-yr 0.410+0.05 180.8 2112 1.17 1610 0.89 76.2

10-yr 0.440+0.04 187.4 3721 1.99 3204 1.71 86.1

20-yr 0.557+0.01 223.9 5709 2.55 5198 2.32 91.1

30-yr 0.647+0.02 236.8 6628 2.80 6035 2.55 91.1

40-yr 0.643+0.01 239.2 6614 2.77 5941 2.48 89.8
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