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Effect of rest-grazing time during the regreen-up period on soil microbial biomass

carbon, nitrogen and nitrogen mineralization in the three-river source region
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Abstract: Rest-grazing measures during the regreen-up period can effectively improve alpine grassland productivity, in
order to understand their effects on nitrogen mineralisation and microorganisms. Using the alpine meadow in Dawu
Township, Maqin County, as the experimental site, five rest-grazing times were set up, namely CK ( grazing) , 20 d, 30d,
40 d and 50 d, and the dynamic changes of soil microbial biomass and available nitrogen were investigated in the forage
growing season ( May—September). The results showed that both soil microbial biomass carbon ( SMBC, Soil Microbial
Biomass Carbon) and soil microbial biomass nitrogen (SMBN, Soil Microbial Biomass Nitrogen) presented an upward trend
with the increase of the rest-grazing time. The SMBC increased by 22.49% and 123.33% under 50 d of rest-grazing
compared to CK at the early stage of growth ( May and June) , and the content was higher under 40 d of rest-grazing at the

end of growth. The SMBN was significantly higher under 40 d of rest-grazing in May and higher under 50 d of rest-grazing in
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the rest of the months. Soil ammonium nitrogen ( NH;-N) and nitrate nitrogen (NO;-N) showed a trend of increasing and
then decreasing in the growing season. In most cases, the soil NH;-N content was higher than that of the CK for 30 d of rest-
grazing; the effect of different rest-grazing times on soil NO;-N content was not obvious. Soil N mineralisation rate varied
significantly between months, but generally showed a trend of higher soil N mineralisation rate for 30—40 d of rest-grazing
and lower for CK. Therefore, appropriate rest-grazing activities in the regreen-up period in alpine meadows of the three-river

source region are conducive to the conversion of organic nitrogen.

Key Words: rest-grazing times during the regreen-up period; alpine meadows; nitrogen mineralization; microbial biomass

carbon and nitrogen ; nitrification rate; ammonification rate

B 24 o e T AR 42% , BB R A 28 5 U (8RR SRS T i AR 3N R e b R AR A AR
FAMY OO B R A AR A, R R BT R Ak, AR AR AR 1 i
TR, 3T — 2R RE A S RGBT ORI AR AR A4 . W9 & B0, 35 B IR T L 38 R e 2 7=
J1 B R TE AL R R R AR S R G, R TR M AT Y R AR AR 2 R HER AR A AR K
IR Y A DL R R S i K R W D R AR e R S b, R R R
TERE TR FR A B Al R B DGR HT , AR b 34 mT Ay 5 1= S5 0 N T e S 2B W T, 2 A4 - 8 o i 11
FELEHR . IR R EIEA MO — IR, AHLE LT S NH; 1 NO; J& HHERUE Y KA A
W EBORIET . LAERTFIE F I, ik B O S5 o - 3 U T R S BRAIR 7 LI 2 R 3 (38 o i 7 4
Reg 100 T3 Y A PO T 488 e 3R A et

T R e S X i T B A K T R A 5 AR 9 AR BORETE 5—T7 H IR IRiR &Y L iR
R — A rh S O R PR 9T, 7 LG S0 1], 0t A ) PR A K A SR A L SRS [ I oA 5 Wi 2 L 0
i3 ,*H?%%%%%Bi[m o Fedrigo[l‘ﬂ F1 Mavromihalis!"® & [ P 1R FI G 19 BIF 98 445 SR80 22 B AH L T Hofth 2= 45 5%
RSO A R T FHAR S, B AR T 45 R R W | 3R T I IRBORT A S8 e e SE B AL 2B 7 0 S i 2
FEME A P A A R 7 RS AR ) P S0 A SR T 1 T DA S S LA 25
1B HH R R A 5T E 28 rh Thb EARRO T, b AR LR R R GRS, K TIRE
A FARBEE T T LSRRI SEHGE A 8 U H R e i R 5T, PR, A AR A
AT AR IR 75 S A [ RS S T %o v 5 e ) 1 S8R 0y i AR 0 B2 0 B BE A RS T B IR B S it st
A S FR G BRIV | 32 Sy v T B 1) P RS S (R 2 A

1 RS

11 CRAFEH RS

RAEH AT VA — T IR X ORI M 390 BRI (36°27756.9"N, 100°1306.5"E ) , i X I UMt & T
B R AU, PR 4200m , 4E R ~0.5°C, 1 A PEAUREUR A -12.5C 7 A PRS2 9.8°C,
AR IR TE 420—560mm , F it 5 BORDR T IIACR 457 A4 KUk 150d, JE4a % JERE T, H BRI BGE A .
iﬁﬁ%lﬂﬁ@i,ﬁi&%ﬂﬁ%%/ﬁ%%%@o FERERD M2k 7% B2 ( Kobresia capillifolia) INEEL (Kobresia
parva) Sk BE 5L ( Scirpus distigmaticus ) | % w5 % ( Kobresia humilis ) . 5%t 3 ( Stipa aliena ) |, 7 78 B il 57
( Elymus nutans) VA SE (Festuca rubra) SR
1.2 Wk
121 BBt
VPRI A P30 1) A B R AT IR ¥ RO 24 LR 17— HAE WA R R,
iR

ZHLR TG TS HS H—5 410 H,%& 176 H 25 H—6 A 30 Hit B H &5 | WA K9

http ; //www.ecologica.cn



14 14 BRI 55 R FFIIRAOS ZT00R X HSA:  fk  ER AT 1Ly s2m 6221

B, TS R R BT AR 10d JCRIR Y KT E SR RS 1S A A e AR, R, AR S
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Table 1 Resting and grazing time of treatments during the regreen-up period

Ib LA FR PRt ] TR ] B TR i

Treatment Rest-grazing time Grazing time Area of plot Note

O Graze 6 H30H—10 H30H 5H10 H—6 H 30 H 20mx30m 6 H30H—10 A30H,
{4 20d 20d of rest-grazing 6H 10 H—6 H 30 A 5H10H—6H10H 20mx30m FHRGAETRBORES
PR# 30d 30d of rest-grazing 5H30H—6H30H 5H10H—5H30H 20mx30m BRI

R4 40d 40d of rest-grazing 5H20H—6 A 30H 5H1I0OH—5H20H 20mx30m

R4 50d 50d of rest-grazing 5H10 H—6 H 30 H 10 H30H—5A10H 20mx30m

1.2.2 R 5O AR AR S AL R

T 2018 AEFEM R AR K2 (5—9 A ) e A il AT RAE AR . R e R A e e % 5 R bR AR
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BRI AR AL I B B % 4546 B 7 9 207 22 AT (ome-way ANOVA) , 276 Ho el i
Duncan ¥ (P<0.05) !, XERFARFH G (5 A—9 ) AR T 0 30E Yy ik Sk 9y i m e
b S A AR DL S A SR T R 2R EE A2 I i 229307 (two-ways repeated-measures ANOVA) |
BFEIKFHN P<0.001, 38 3ot 2 M nl 5 75k o3 A b b A= | - 9 R B 0 B o T A R R e,
Origin 2021 #AT4 A,

2 HREHS
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ABFR s 7E A K S IR AR 40d 5 . BFIR] | SMBC 7EAE K ZR R e bR ARG b FHitasi 76 28 KR 5k
FlldR i o A IR Y A (SMBN) KU, FEAE KW (5 ) R4 40d Ab3E T 35 31 fe e B HL o 3 5 T3
AALIR HAR A BERHL 50d AL FER SMBN {H# . 7EA K 2% SMBN S A S 80 “AR-m -7 i ka s, 5
Hh B 8 ARSI AR T IR 6] T 3 W ik A A B 2 5 o 3 Wi A L AE AR
W 40d AP T A, O H R A Z A T A R B B
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Table 2 Response of soil microbial biomass carbon,nitrogen and their ratios to different rest-grazing times during the regreen-up period

ity AbEE T 5H 6 H 7H 8 H 9H
Index reatment May June July August September
+ HERE Pk CK 109.66+1.7b 49.81+8.03d 23.99+1.61¢ 224.66+13.8b 543.45+36.1a
SMBC/ ( mg/kg) 20d 45.36+2.54d 53.83+3.42cd 81.22£10.67b  227.46+7.92b 697.58+48.22a
30d 133.93+8.28a 76.43+3.65bc 39.22+4.34¢ 230.55+52.15b 582.45+67.47a
40d 92.97+3.9¢ 89.91+6.72ab  102.05%5.9a 338.69+10.05a 638.98+26.04a
50d 134.32+3.95a  111.24%13.5a 68.5+1.46b 254.25+25.31ab  598.7+76.64a
TR CK 2.74£0.65h 6.37£0.21a 2.97+0.49a 5.06+0.54a 4.27+0.31a
SMBN/ ( mg/kg) 20d 2.11+0.32b 4.26+0.37a 2.58+0.44a 6.52+0.66a 4.54+0.85a
30d 2.74%0.07b 4.28+0.39a 2.18+0.42a 6.68+0.79a 3.15+0.29b
40d 5.73+0.99a 5.53+0.23a 3.13+0.51a 7.25+1.65a 1.46+0.12b
50d 3.53+0.95bh 6.66+1.47a 3.12£0.22a 7.25+1.29a 4.83+0.89a
TR YRR AL CK 45.89+12.96a 7.92+1.56b 8.54+1.58h 45.62+6.17a 127.53+4.72¢
SMBC:SMBN 20d 22.28+2.53b 12.7+0.49b 34.64+10.08a 35.73+4.19a 160.04+17.69bc
30d 48.91%3.02a 18.26+2.29a 20.69+7.16ab 33.8+5.66a 184.14+9.54h
40d 17.06+2.6b 16.22+0.7a 34.37+6a 51.38+10.27a 442.25+24.56a
50d 43.96+11.4a 18.34+4.69a 22.15+1.61ab 36.79+6.35a 128.55+17.25¢

SMBC . 3 A= 5% Soil microbial biomass carbon ; SMBN ; S AE A Soil microbial biomass nitrogen;xm/J\Et# REACR e e
T R R HUAEA [RIOR A AL B ) A7 .35 2% 5 (P<0.05)

®3 AEBSHENIEMENBERELFANESNESFESTER

Table 3 Repeated measurements ANOVA results for treatment and time on soil microbial biomass carbon, nitrogen and their ratios

FE45 Index it ] Time Qb FH Treatment st ] x 2b . Time X Treatment
S i SMBC F=23.747; P<0.001 F=2.177; P=0.145 F=2.342; P=0.048
R YR SMBN F=41.001; P<0.001 F=6.375;P=0.008 F=9.453;P<0.001

+ B E P i A L SMBC :SMBN F=364.790;P<0.001 F=5.326;,P=0.015 F=39.947;P<0.001

P<0.001 F/RZIEIRAE 0.001 /K- [ 225 i 3

2.2 IRTF I R)ORASCHS ) X iy S o) SR S A AS AU )
HIZR 4 AT, 3RS A (NHG-N) S ZA(NOS-N) A RCE S A AR K AR B ST i Ja BRI 0
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o Ho R IAASRIOR PO DX 438 NH;-N S A28 (b s m ok R T 4 B S % NH-N W 8h Bk 8 A
Dy AMEAS A SRR T T £ HERY NHE-N &2 h B2 57 (P<0.05),6.7.9 Ay 38 NH;-N BI7ER4K
30d AbFRE R, AR T IS RO fa) X - HE NOS-N FILEA SR & AR TR I R 4 /N

P PR 22 o 02 My 25 0 T SR 1 NH-N NOS-N LR S SR & i AE A [R) A 3 18] 24 5 3 1H
FEARF b H A 22 R AR B (R S) .

F4 TEEREIIE TR AR 8 i e R
Table 4 Response of soil available nitrogen to different rest-grazing times during the regreen-up period
E=L Ak 5H 6 J1 7H 8 J1 9 A
Index Treatment May June July August September
AR/ (mg/kg) CK 25.8+1.7ab 51.53+1.26ab  142.70+14.49ab 42.68+7.59a 29.60+1.53ab
Ammonium nitrogen 20d 30.90+3.62a 46.23+5.05b 119.40+5.97b 34.28+0.86a 27.51+0.82ab
30d 20.38+2.45bc 59.91+3.39a 147.93+3.93a 37.13+3.80a 30.17+1.32a
40d 20.40+1.03bc 52.18+1.79ab 133.61+8.87ab 34.54+3.42a 27.67+0.32ab
50d 18.25+0.40¢ 50.12+6.11ab 136.67+2.09ab 38.92+1.84a 25.99+1.15b
HAA/ (mg/kg) CK 75.47+2.06ab  70.35£22.86a  116.37+11.46a 75.74+4.35a 41.64+2.79a
Nitrate nitrogen 20d 84.79+9.32a 44.84+5.85a 94.28+9.97a 75.70+3.72a 40.49+5.42a
30d 84.82+2.80a 46.90£6.62a 105.48+2.54a 74.73+x1.41a 47.15+2.52a
40d 82.86+6.90a 53.16+3.57a 100.67+5.96a 74.31+£2.22a 41.05+1.18a
50d 60.10+6.60b 48.97+2.64a 110.93+2.64a 83.56+2.07a 42.81+0.09a
BAEMA/ (mg/kg) CK 101.26+3.58a 121.89+22.48a 259.07+25.84a 118.42+10.95a 71.24+2.00a
Total available nitrogen 20d 115.70+8.09a 91.08+9.71a 213.68+15.52a 109.98+4.45a 68.00+5.87a
30d 105.19+0.70a 106.80+3.23a 253.41+3.68a 111.86+3.90a 77.32+£2.95a
40d 103.27+7.17a 105.34+2.44a 234.29+14.22a 108.85+4.27a 68.72+1.22a
50d 78.36+£6.96b 99.09+6.00a 247.60+2.79a 122.48+3.89a 68.80+1.24a

AFNG FRACR LS R A RS RERAEA R RO 3] 8] 7 15 25 2 57 (P<0.05)

x5 ABEHEMNIEAGRENEENEFESNER
Table 5 Repeated measurements ANOVA results for treatment and time on soil available nitrogen
Qb3 Treatment A} [A] x 4b . Time X Treatment
F=1.320; P=0.328
F=0.590;P=0.578
F=0.480; P=0.273

847 Index iF[E] Time

F=630.896; P<0.001
F=76.374; P<0.001
F=355.156; P<0.001

F=1.920; P=0.048
F=1.687; P=0.163
F=2.073; P=0.111

A A Ammonium nitrogen
M4 Nitrate nitrogen
B RUA Total available nitrogen
P<0.001 FI/RIZABFRTE 0.001 /K- 12250 3%

2.3 IR WIS R RS ) o) i 2 R ) A T LR 5 )

mE 1 R, 5 AR E WIS FARPCET [)F 3 A R A R 5755 0—3 K 5 7—10 X 5 10—21 KLU
R 21—28 R 2RS¥ W8, Hirp 55 10—21 K 5 21—28 RAERH 40d I &AL R i i BB & T CK &b
L, AL R AE R IR AT IR 40d I, I ELBE G R R ] A 38 e T 765 21—28 Rk R
{8, HA-AbHE) 22 55 1 2 R4 20d,30d,40d 3 & TR 50d 1B 5 CK AbBRA) 22 S A K, 338 A0 1k s
5+ bR T3,

WE 2 s ,6 A4y R 1 BIAS FARPT )T H R e 5 52 50 50 3—7 K A 7—10 KDL 10—14
KT LERWBE HAES 3—7 Kb, Hoh ki 30d 40d 2758 25 T CK Ab3H - $904 Ak 3 38 7 4% b 351 18] IS
S TR 21—28 K RE s, HirP k4 20d 30d 40d 3 55 TAR4% 50d, {55 CK AL BE 2 ] 25 F A
¥ HIRES R RIER IR 3—T7 K B 7—10 RAKE 14—21 K F 2R 0%, BAES 3—7 K&, Jt
HRRH 30d(8.94 mg kg™ d7') KM 40d(8.08 mg kg™ ") WIEE T CK ALFH(4.34 mg kg™ d™') .

WME 3 iR, 7 A0 AR FERE B B ) A R AR 7 S RO (8] F 0 vk 25 5 HAES 3—7
KT , EHAEAR 30d(10.64 mg kg™ d™") FIARH 50d(10.42 mg kg™ d™") kbFEF B 255 T CK(7.79mg kg™ d™")
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1 BEHRAREREEE T ERTLERS A5)
Fig.1 Soil nitrogen mineralization rates at different rest-grazing times during the regreen-up period( May)

AN PR R L R AR A A 3 U LR LA R R A AL B ) A7 {25 25 57 (P<0.05)

AR R AL R [ A A — R RN [RI R IR B2 S b W A 1 B RS T R 7
R 0—3rd I CK #57 , B IS 21—28 IR 50d 2bBagm . T35 A0 1h o 2878 35 35 Al 1A ) 4k 1
)25 5 50 2 ELAESR 3—7 K&, U 24K 30d ,40d F1 50d, 4351 49 (11.2 mg kg™' d™')  (13.66 mg kg™
d™') ((13.15 mg kg™ d7") BEF T HAbAL

mE 4 i ,8 A AR T 32 bR AR TR 7—10 R 10—14 R T 25 8%, /- 5I7EK
W 30d FIIRA 50d T OL R . AR Tk R B A 1 35 B TR] 9 1 0 22 T R R 34 ELAS [R) G 52 B B N 45 b 2
)22 A 3 FERR SR A 3—7 RS 21—28 KA, 43 il FEARHAL 50d FARHL 30d Ab 3R A HEA b e f
B BHESRET L RS IR A AR T — 2, 7S A PR 25 S AN

WE S frzs,9 A o 5 a0 Ak 5 B 25 55 97 15 8] A 380 2 T3 R R RS 2 B B i) 25 S#8 R i 3% B
TR 0—3 RAEIRIL 40d AbH N i 25 T ILA AR 3 FE 56 55 3—7 R ML U A R 7E IR 40d Kb 3R 55,
IR T AR [ RS TR - A b R A4S B FR W B R 28 SR 38 FE 50 21—28 K EL, IR4A 40d Ab B &) 2
BT CK ANFE, 35 A A R SRR 0—3rd BHRPOAL I 0 2 55 T CK A0 B JtHZ R4 40d
2.4 b bAEYE R A R R

Hi & 6 AT A%, +-HEIR 5 A0 L R A 7E B IE ARG T A=) 5 R s R R A5 IEAHOG , 18R
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Fig.2 Soil nitrogen mineralization rates at different rest-grazing times during the regreen-up period( June)
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Fig.3 Soil nitrogen mineralization rates at different rest-grazing times during the regreen-up period ( July)
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