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Effects of Different Levels of Nitrogen Fertilization on Soil Respiration Rates and

Soil Biochemical Properties in an Alfalfa Grassland

HU Wei'?, ZHANG Ya-hong'*, LI Peng', ZHANG Peng', LI Man-you', YOU Jing-tao', TIAN Shui-quan'

(1. School of Agriculture, Ningxia University, Yinchuan 750021, China; 2. Sichuan Tea College, Yibin University, Yibin 644000,
China)

Abstract: Understanding the effects of different levels of nitrogen fertilizer applications on soil respiration rates and soil biochemical
properties is of great importance for providing a theoretical basis for accurate assessments of the soil respiration intensity and carbon
recycling in grassland ecosystems. A field experiment was performed from April 2017 to March 2018, in which four different levels of
nitrogen applications were investigated, including 0 kg-hm ™ (NO), 60 kg-hm™ (N1), 120 kg-hm > (N2), and 180 kg+hm >
(N3). The seasonal changes in the soil respiration rate, soil temperature, and soil moisture in the alfalfa grassland under different
levels of nitrogen applications were observed, and soil biochemical characteristics were observed after each harvest in the growing
season. The results showed that soil respiration rate of the alfalfa grassland displayed significant seasonal variation under different
nitrogen levels. In particular, the soil respiration rate reached a peak during the last 10-day period of July and then decreased to the
minimum in mid-December. During the growing season of alfalfa, the soil respiration rate of the alfalfa grassland increased with the
increases in the nitrogen application rate. The mean soil respiration rates of the N1, N2, and N3 treatments were 0.97, 1.04, and
1.07 g-(m*+h) ™', respectively, and these values were 10.2% , 18.2% , and 21. 6% greater than that of NO [0. 88 g+ (m*+h) ™'],
respectively. The results from ANOVA testing indicated that nitrogen applications had no significant effect on the soil respiration rate
during the non-growing season of alfalfa (P >0.05). According to the statistical analysis, the soil respiration rate had a significant
exponential positive relationship with soil temperature during the growing season, non-growing season, and entire year of alfalfa
grassland observations under different nitrogen application rates (P <0.01) ; the coefficients of determination were ranked as follows
growing season (0.46-0.62) < non-growing season (0. 66-0.76) < whole year (0. 80-0.86). Soil temperature (T) and soil moisture
(W) interacted with each other and ultimately affected the soil respiration (Ry), and by using a two-factor linear model of soil

temperature and soil moisture, a better fit was obtained for the change in the soil respiration rate. Both of the two factors explained
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68% -80% of the variation in the seasonal soil respiratory rate during the growing season of alfalfa. Nitrogen fertilization decreased the

soil pH and available phosphorus content ( AP) to varying degrees, but it increased the available potassium ( AK) , soil organic matter
(SOM) , and soil urease (URE) and invertase activity (INV). Total nitrogen (TN) and available nitrogen ( AN) showed different

trends under different nitrogen levels. The TN and AN contents increased considerably in soils; however, when the nitrogen rate was

higher than N2 (120 kg+hm~>) , TN and AN decreased with the increases in the nitrogen application rate. According to the correlation

matrix analysis between soil respiration and soil biochemical properties during the growth period of alfalfa, data showed that the soil

respiration rate (RS) was significantly and negatively correlated with soil pH (P <0.01), and it was significantly and positively

correlated with soil TN and URE (P <0.01). Simultaneously, there was a significant positive correlation between the soil respiration
rate (R) and SOM (P <0.05), and there was a significant negative correlation with INV (P <0.05). The soil nutrient and enzyme

activities of the alfalfa grassland explained the variations in the soil respiration rate under different nitrogen application levels to varying

degrees.

Key words : nitrogen fertilization; soil respiration rate; soil biochemical properties; alfalfa
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FIREAR 2 2 AE B ARME I Rr 2 8IRAE 2 H R 4); 3 A
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[0.11 g+(m’+h) '] <N1[0.12 g+(m°-h) ~'] < N3
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Fig. 2 Dynamics of soil respiration, soil moisture, and soil temperature of the alfalfa grassland treated with different nitrogen levels
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2.2 EEACETE HOHL TR S KA R
2.2.1  RIERPIR RS R R OC R

AR TR E T &8 RS A
SIRAE A, BB IICT 5 5 AT =
. ESPRY, A S EEEKE JE
AREMAFEN LR ES LR EEZmE (P >
0.05). 5467 w0 b A 3 0 g ok e A8 Ak b + 3R
A REMAEBA IR (P <0.05, £1). A
JAEACE M EARK S EERKEM2FR T
e R 5 A R LG 4R BB R A A I K
(P <0.01), HISBAER A MR R AR
MANEREEERKZE(0.46 ~0.62) < EAEK=
(0.66 ~0.76) < 4=4E(0.80 ~0.86). LI E I E
RN A 1 - T I ARURR M R BN QP BTt R
(R INAE DG (RME) BT, M E T AR K
PIAHOCPE R EL R (L I il 280 12 A9 34 in 22 B 18 S R AIR
SRk BARFK I N3 (0.62) > NO (0.54)
>N2 (0.49) >NI (0.46). HEEEAEKSE 4
A AR 1 - 0 W ARUR M R B Q) H B R
IR N, R AR RO I TS EE A K
75 PN T AU R B

F1 SLUHEEMTIETRIER(R) 5HITEE (T) HMAHEER Q,E"
Table 1 ~ Regression equations between soil respiration (Rg) and soil temperature, and (), values under different nitrogen levels
TiH K FEKZE R
NO  Rg=0.339¢"%37 R2=0.54", Q,p=1.70 Rg=0.062"""  R*=0.66"", (,=6.23 Rs=0.076e""¢" ~R*=0.80"", Q,5=3.91
NI Rg=0.344e%%7T R2-0.46", (Q,,=1.78 Rg=0.079¢""T  R2=0.72"", (,)=6.46 Rs=0.095¢>'T  R*=0.85"", (,,=3.95
N2 Rg=0.384e"%67 R2=0.49"™  (Q,,=1.74 Rg=0.068¢""77 R2=0.75", (Q,,=6.50  Ry=0.084¢>'27 R>=0.85", @, =412
N3 Rg=0.319¢"%7 R2=0.62"", (,)=2.05 Ry=0.075¢""8" R2=0.76"", (,)=6.55  Rg=0.088¢"'*" R*=0.86"", Q, =4.17

1) * 8 P<0.05, * %A P<0.01, T

2.2.2  HECPIR RS AR A HEE A R
AR T AL E T8 A K 2N IR
25+ B SIS R SR 2R AR A T [ 43
Br, S5 HRERW] 1 T R 5+ e B LA ALY
AEFE(P<0.05, £2). HTHERESEMLE R
by A SEIF W R T B AER I, ARG LA A
A TR N TR R RN R R A, BRI R
PEFIEAE LA U 2252 GBI A4 - 3 - 508
FEXT - EnE s R A P R VE T (3R 2). SRR,
ANEFNAR LM WU 22 5 A B A I ] A 28 40 1 75
i A SRR R R A MR X - RN R (R, L
*x2

TR S A T - AN e 5 - L N R
JE A 00 2 1 IR R AR AR 34 1k B B 3 KO (P <
0.01). HAERMERAIMISC R 5L R (AR, ZedEx
R 2 ABRLA RO, v LU 7
Hin A < 2 A HERF IR R Z T AR 68% ~80% . A
[Fi) it 220K P 0 R - MR X SR AR A A K
PN A HERE I (Y 5 e BRI N3 > N2 > NO >
N1, FWIiZ A N3(180 kg-hm ) T, 1 IR
R ST P T R R - B O AR, 7 — it R
YL TRl PN 38 224 98/ it 2 o T AR AT - AP sk SR Xt - 38
IR I R

ENEBEERFTANLIETFRESR (R) STERE (W) MLIERE(T) XRHE

Table 2 Relationships of soil respiration rates (Rg) with soil moisture ( W) and soil temperature (T') during the alfalfa growing season

T IENFIHR (R ) 5 BRI (W) KR

TSP (Ry) 5 IR (W) FLIERIE (T) (R A KR

A Ry=aW? +bW +c¢ LR R = a + bW + T JERIERAL Rg=aWle T

NO Rg=-0.001W +0.065W -0.23, R*=0.18  Ry=0.089 +0.015W +0.031 T, R*=0.73 ™ Ry =0. 177W0-367¢0-031T "R2 (), 51 **
N1 Rg=-0.001W? +0.076W -0. 14, R*=0.08  Rq=0.333 +0.002W +0.038 T, R* =0. 68 ** Ry =0. 445009600377 "2 ) 45 **
N2 Rg=-0.001W?+0.097W -0.52, R*=0.19  Rq=0.197 +0.010W +0.040 T, R*=0.76 ** Ry =0.329W0 P1e0-036 T " p2 - (), 49 **

N3 Rg=-0.001W* +0.074W -0.17, R?=0.12

Rg=0.179 +0.001W +0. 056 T, R*=0.80 **

RS =0. 466W0 022e0. 048 T’ R2 =0.61**
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2.3 iR SR B AR K R A A
Al
2.3.1 US40 E s O IE 0 AR AR A5
ANl E AR AL B S 1 IERIZ 0 ~20 em +-
AR SA AR (£ 3). SRR (NO) ML,
JiE (N, N2 il N3 ) SR RAIR T 39809 pH (B AL
B, Hidh N2 KR BB AR T ) pH (A,
M N3 ZKF R R BRAG T el & i RN
R Fr R AAE AR A K BRI AT s, 1

TEAIEINTEN, Ake it ZE R N2 KA
AN I R R - A ML e = A
IR A B, T 4 B AN i it 2 4 8 v
K W AR . MR R E R, E4E
HE HERIZ 0 ~20 em HHEAE A NI AAL
P(F3). BUHER 1L HEG A24 H)ZH 4 #H 9
H 16 H), T3 pH (HEZHE/NER; SRR
AR Tm e AR 3 3o Fn 4 1
AT Y R ik A O JE A ARk

ATt UR T N2 ANy, A A 2 e B

UL, aEh &R el NI .

®3 FEMEKETLLERERENARBHRE 0~20 cm TEBAEMHAEY

Table 3 Characteristics of available nutrients in 0-20 c¢m of soil in the alfalfa grassland during the growing season under different nitrogen levels

EH Bl R A SN Li[Wois
HA(A-H) A pH /g-k:g)tzl:l /mgft:(:1 /mg'jligL1i1 /mg'jli:ql’l /g-kg ! /f-kg’l

NO 8.53£0.08a 0.88+0.07b 57.57 £2.23b 9.55+0.4la 103.7 £8.08ab 0.31 +0.03ab  15.23 +1.05b
05.24 NI 8.46 £0.09ab 0.93 £0.03b 63.33 £4.0la 9.14+0.62a 98.6 +5.61b 0.35+0.05ab  16.52 +1. 46ab

N2 8.31+0.11b  1.11£0.11a 59.71 +3.30ab 8.95+0.73a 109.4 +£5.11ab 0.27 +0.06b 17.17 £0. 74a
N3 8.34+0.14b 1.08+0.08 a 63.17 £6.18a 9.21 £0.47a 110.3 £3.16a 0.37 +0.04a 16.95 +0. 41ab

NO 8.41 +0.10a 1.07+0.05b 61.31 +5.49h 10.64 +0.91a  99.2 +3.54b  0.27 +0.04b 16.55 +1.55b
06-25 N1 8.33£0.07ab 1.12 £0.05ab 58.93 £3.41b 10.17 0. 88ab 112.7 +4.07a  0.31 +£0.02a 17. 18 0. 76ab
N2 8.29£0.14b  1.21 £0.06a 64.29 £9.17a 9.86 +0.33b 101.3 +4.96b  0.29 +0.03ab  17.83 +0. 55ab

N3 8.27+£0.17b  1.16 £0.06ab 59.61 £3.93b  9.49 +0.31b 108.4 +8.21b 0.28 +0.03ab  18.36 +1.20a

NO 8.33£0.16a 1.04 £0.05¢ 58.36 £3.55b 11.21 +0.80a 107.3 +5.08b 0.36 +0. 08a 17.85 +0. 85b
07-30 NI 8.21 £0. 16ab 1.16 0. 06ab 67.46 £5.30a 10.21 £0.45a  98.5+4.27b  0.31 +0.03a 18.59 +0. 81ab
N2 8.17£0.06b  1.13+0.03b  65.29 +1.56ab 11.08 +0.23a 103.7 £7.29b  0.35 +0.03a 18.51 +0. 36ab

N3 8.24 £0.23ab  1.21 £0.03a  63.78 £3.73ab 10.31 £0.76a 121.3 +5.90a  0.38 +0. 05a 19.33 +1.27a
NO 8.35+0.08a 0.98 +£0.06b 56.71 +1.54h 12.73 +0.90a  96.1 +4.26ab 0.42 +0.05a 18.53 +1.49ab

09-16 N1 8.28 £0.08a  1.06 £0.06ab 61.34 £1.50a 11.78 £0.76b 103.4 +5.97a  0.37 +0.02b 17.48 0. 89b
N2 8.21 £0.12a  1.18 £0.10a  59.72 £0.52ab 11.23 £0.21b  99.3 +6.60ab 0.41 +0. 04a 18.91 +0. 65ab

N3 8.13+£0.15b 1.15+0.07a 57.37 £4.44b 12.39+0.88a 94.9+3.38b 0.39 +0.03ab  19.95 +0. 30a

NO 8.40+0.19a 0.99 +0.75¢ 58.49 +3.57c¢ 11.03 +0.87a 101.58 +4.44¢  0.34 +0.05ab  17.04 1. 11c

T N1 8.32+£0.18b  1.07 £0.15b  62.76 £4.78a 10.35 +0.77b 103.31 £5.31b  0.33 £0.03ab  17.44 +0.98b

N2 8.25+0.13¢  1.16 £0.16a 62.25 £6.76a 10.34 £0.75b 103.51 +4.31b  0.32+0.05b 18, 41 +0. 56a

N3 8.24£0.18¢c 1.15+0.14a 60.98 £5.67b 10.28 +0.89¢ 108.72 +3.89a 0.35 +0.04a 18.65 +0. 56a

1) RPEAEFR W E RS bR T ME + brifE2s s SR E/NE FREFROR B 2257 (P <0.05)

2.3.2 A SEAE A R - SEEEE E S (7 it R /K P 58 A0 T A s S W 7 il 1 4 2

AN [t KT T 246 A T S R T 1 4
FIAHEIAH(TH30 H) >52E6 H25 H) >
WAFEOH16 H) > 1 #(5 H24 H). 7Rl —
RFENFEUC N, - S92 o 100 8 o v 326 45
PE, YA G N B — (A, AR SR i AT,
HHE B RORAEA R R FNZE R T R I AR 1 3
b 1 3 S 3 FERNGE 4 FEXE T - SRS PR
Bt 2R B B G T4 R 5 2 FENRIE, MR
T N2 KB, A 8 O il 3% 4 e i 2 ) 34 i
AN, Y R T N2 K U S R R [ R 4
(a) ]. THERERERGIG PENES 1 NS I 46 8
fi%, 55 3 FEXE R R B 5/ME, SR )5 I iR 2218 Tt
B SAA(NO) AL, AU E R TR T
BAER IR EREEE ISP (P <0.05) [l 4(b)]. AN

FKIUNE 2 HSHEIAE S I H>E 4. LW
TE SR 1 FENE S5 - S el o 12 Il 1% P o it 2 ) 148
T Z TN, 23 NO < NI < N2 < N3; Jifi & XT
SACEAESS 2 26 50 3 RS 4 FEXEH 5 L HEmm 1k
WERREE IS M T B (P >0.05) [ 4(c)]. A
[) il K- T 5848 7 e et A A ST 1 A 1
HERVEN S TFLR B W I, 5 2 FEXHI G kKA,
SRIG MO IR PR T . TESSAEE 1650 | FEMEE 4 7
XEE, 5 NO AL, A WS4 1k | A S
TEPE(P <0.05) 5 55 2 HAIE 3 ZENE G T AR
it 1% 1t 20 %) 398 00 2 Sl B AR 8 4 n
o, 55 2 FERE S o S AL S R A B AR R B
NI <NO <N3 <N2, 553 #H R A NI <NO <N2 <
N3[ & 4(d)].
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Fig. 4 Variation trends of soil enzyme activity during the alfalfa growing seasons under different nitrogen levels
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TN, URE 2k B FIEME (P <0.01), 5+ 4
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Table 4  Correlation matrix of soil respiration and soil biochemical parameters by using data from the alfalfa growing season

Ry pH ™ AN AP AK ST SOM CAT INV ALP URE

R 1

pH -0.88* 1

™ 0.64™ -0.69 1

AN 0.37  -0.41 0.56* 1

AP 0.13  -0.01 -0.42 -0.29 1

AK 0.26 -0.37  0.58° 0.08 -0.37 1

ST -0.03 -0.03 -0.24 -0.22  0.61* -0.16 1

som 0.52* -0.78* 0.86™ 0.57* -0.25  0.55% -0.22 1

CAT  -0.08 -0.01 0.13  -0.12  -0.52* 0.15 -0.54" -0.11 1

INV. -0.53*  0.36  0.13 -0.0 -0.80* 0.25 -0.43 -0.18  0.65" 1

ALP 0.21  -0.27  0.53* 0.49° -0.71" 0.48 -0.72" 0.06*  0.41 0.42 1

URE 0.82™ -0.84™ 0.73" 0.48  0.02 037  0.20  0.85* -0.26 -0.33  0.19 1
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