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Abstract

Aims Nitrogen is the most limiting factor to artificial pastures. It is distributed unevenly in time and space, and
has different forms, which are correlated with cultivation approaches and above-ground net primary productivity
(ANPP). This study investigated the dynamics of soil nitrogen and productivity in artificial pastures of Bromus
inermis, Elymus sibiricus, E. nutans, Festuca ryloviana, F. sinensis, Poa pratensis var. anceps ‘Qinghai’, P. cry-
mophila and Puccinellia tenuiflora in pure species cultivations in the Tongde farm of Qinghai Province. The dy-
namics of soil soluble nitrogen pools in each artificial pasture type and their relationships with ANPP were exam-
ined.

Methods The pastures were planted in 2013 without fertilizer application, and mowed to the level with 5 cm
stubble in mid-September every year. The soil ammonium nitrogen (NH3-N), nitrate nitrogen (NO3-N), soluble
organic nitrogen (SON) and soluble total nitrogen (STN) content were measured during growing seasons. ANPP
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was determined in September each year.

Important findings (1) The average ANPP across the eight pasture types ranged between 329.67-794.67 g'm 2,
with the ANPP of 794.67 g~m72 for the E. nutans significantly higher than other pasture types. (2) From the sec-
ond to fourth year following planting, the content of soil NO;-N, SON and STN significantly decreased, but that
of the NH4-N significantly increased. (3) SON accounted for the highest proportion of STN, varying between
45.11%—-88.76% in the 0—-10 cm soil layer and 47.75%—-88.18% in the 10-20 cm soil layer, followed by NO3-N in
ranges of 5.81%-34.85% (010 cm) and 6.08%40.42% (1020 cm), respectively; NH;-N had the least propor-
tion at 3.41%-22.18% (0—10 cm) and 3.09%—-19.56% (10-20 cm), respectively. (4) The non-metric multidimen-
sional scale analysis (NMDS) shows that the temporal effect on soil soluble nitrogen content by different pasture
types diverged for the 0—10 cm soil layer, but converged for the 10-20 c¢m soil layer, and that the effect of pasture
types on soil soluble nitrogen content was related to soil depth. (5) Soil SON and STN contents were positively
correlated with ANPP, and negatively with inorganic nitrogen (IN) content. In summary, nitrogen fertilizer appli-
cation is one of the key factors for maintaining the productivity of artificial pasture from three to four years. The
above results provide a scientific basis for a more in-depth understanding of the dynamics of soil soluble nitrogen

and the maintenance of productivity and stability of artificial pastures on the Qingzang Plateau.
Key words artificial pasture; soil soluble nitrogen pool; soil inorganic nitrogen pool; Qingzang Plateau
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Fig. 1 Dynamics of aboveground biomass in artificial pas-
tures on Qingzang Plateau (mean + SE). 1, Bromus inermis; 2,
Elymus sibiricus;, 3, E. nutans;, 4, Festuca ryloviana; 5, F.
sinensis; 6, Poa pratensis var. anceps ‘Qinghai’; 7, Puccinellia
tenuiflora; 8, Poa crymophila. Different lowercase letters rep-
resent significant differences in aboveground biomass among
different species of the same age (p < 0.05).
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Fig. 2 Characteristics of the dynamics in soil soluble nitrogen in artificial pastures on the Qingzang Plateau (0—10 cm, mean + SE).

SON, soluble organic nitrogen; STN, soluble total nitrogen.
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Fig. 3 Characteristics of the dynamics in soil soluble nitrogen in artificial pastures on the Qingzang Plateau (10-20 cm, mean + SE).

SON, soluble organic nitrogen; STN, soluble total nitrogen.
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Table1l Proportion of soil inorganic nitrogen (IN) and soluble organic nitrogen (SON) in artificial pastures on the Qingzang Plateau
bos] R 0-10 cm 12z 0-10 cm soil layer 10-20 cm +JZ 10-20 cm soil layer
Treatment Age e i At e d - o k1 St . . = e by k1 A
@ AR THAZR/ THRE, ALY AR THAR A, FEEE LAY
AAMEAE AIEMERE TAMEE ATEMEE AR ATEMERE ATEMEEE ETEAE
NH;-N/STN  NO3-N/STN IN/STN SON/STN NH;-N/STN ~ NO3-N/STN IN/STN SON/STN
(%) (%) (%) (%) (%) (%) (%) (%)
e 2 8.53 18.83 27.36 72.64 10.62 34.97 45.59 54.41
Bromusinermis
! 3 922 14.06 23.28 76.72 7.76 10.95 18.71 81.29
4 21.31 29.70 51.01 48.99 16.16 32.65 48.80 51.20
N 2 4.11 25.46 29.58 70.42 4.02 30.94 34.96 65.04
Elymus sibiricus
3 8.41 11.57 19.98 80.02 7.88 14.37 22.25 77.75
4 17.34 34.52 51.85 48.15 18.68 33.57 52.25 47.75
T FEPTE 2 4.76 22.10 26.86 73.14 5.59 31.63 37.22 62.78
E. nut
nuans 3 7.90 15.45 2335 76.65 499 8.68 13.66 8634
4 21.61 33.28 54.89 45.11 17.63 26.96 4459 55.41
[iplEsE 2 3.41 21.63 25.03 74.97 3.69 34.93 38.61 61.39
Festuca rylovi-
ama 3 7.30 12.14 19.44 80.56 4.80 10.28 15.08 84.92
4 22.18 30.79 52.98 47.02 19.56 25.19 44.75 55.25
BEKCES S 2 5.91 28.37 34.28 65.72 4.87 33.10 37.97 62.03
F. sinerea
SInensis 3 5.99 16.15 2.14 77.86 5.49 11.04 16.53 83.47
4 20.13 34.85 54.98 45.02 15.41 30.43 45.85 54.15
HilFmERLHKR 2 4.06 18.54 22.59 77.41 3.09 40.42 43.51 56.49
Poa pratensis
Var. ancens 3 5.42 5.81 11.24 88.76 8.43 12.23 20.66 79.34
‘Qinghai’ 4 20.12 29.03 49.16 50.84 17.48 30.74 48.23 51.77
R 2 433 27.73 32.06 67.94 432 33.36 37.68 62.32
Puccinellia
tenuiflora 3 8.18 20.37 28.55 71.45 5.74 6.08 11.82 88.18
4 21.18 32.90 54.09 4591 18.33 29.73 48.07 51.93
A LR 2 5.07 29.05 34.12 65.88 4.19 40.99 45.18 54.82
Poa crymophila
3 7.70 8.96 16.65 83.35 3.29 14.35 17.65 82.35
4 18.46 30.38 48.84 51.16 18.36 29.47 47.83 52.17

O AT R HEINFISON S nl A ML S Z(STN) I AR, FLA— W83 LA 25 A SR S 1~ 3 1

The ratios of soil IN and SON to soluble total nitrogen (STN) for each pasture type are shown as percentage, and the ratios for each age are the averages of the

sampling period.
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Fig. 4 Effect of planting different grasses on soil soluble nitrog
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STN, soluble total nitrogen. NMDS, non-metric multidimensional scaling. BI, Bromus inermis; EN, Elymus nutans; ES, E. sibiricus;

FR, Festuca ryloviana; FS, F. sinensis; PC, Poa crymophila; PP,

b 1 HESONFISTN & 2 5 ANPP 2 1 3% 1 AH 26 5%
Z; PR N T H M 3ENH,-NS & 5ANPPE
RERFLKER,
g
31 AIEMSHIEALAMSR

AW LS BRI, N T R 2 3 o - 45
NH,-N& & EFF, 1+ 3ENO5-N. SONFISTNF & i
=T, %4 RE T E 2255 2010) R F 4 R —E.
L DR 3 e N TR 5 3 BOK & R H %
R4, FBEANMBEEAERRRA, SEUHEY)
A F) F &K F T B%(Smolander & Kitunen, 2002). F

3
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P. pratensis var. anceps ‘Qinghai’; PT, Puccinellia tenuiflora.

SCRIEE(2016) WL W, T IR v FE b R A R
AR LA E R S B A E R, =
W N Tk, VA b A ORORT R B B N TR L
R JENO;-N 8 35 5 T HAf A 50 8E N\ 5,
EREEME T E RN T ESTN G BB E R
THARFEN TR TEARRF T, Pl SFR AR
PR N T - 3ENH, -N A B 7E2.10-2.53 mg-kg !
(0-10 cm)Ff11.97-2.41 mgkg' (10-20 cm)Z [a],
TR E £, HIHENO-NFEE3.96-6.73 mg-kg '
(0-10 cm)#15.10-9.68 mg-kg ' (1020 ecm)Z [al, &
A ZEIT RS, PR R R BRA H FLAOR £ g
NO;-N& & s, L EE R, Fitk, ftEAR
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2 Hie RN LR AR AROE R R St R
JI(ANPP)AH 5 A 23 e

Table2 Correlation analysis of soil nitrogen components and aboveground
net primary productivity (ANPP) on the Qingzang Plateau

Kb Treatment {645 Variable 0-10 cm 10-20 cm
15465 Bromusinermis NH;-N _0.485 ~0.170
NO3-N 0.010 0.068
SON 0.392 0.676"
STN 0.403 0.681"
#1°% Elymussibiricus NHI-N 0259 _0.444
NO3;-N —0.328 0.067
SON 0.347 0.459
STN 0.231 0.328
TR E. nutans NH;-N ~0.436 0.239
NO3-N 0.190 0.096
SON 0.224 0.360
STN 0.219 0.331
Pidb3:3 Festucaryloviana NN _0414 0516
NO3-N ~0.636" -0.450
SON 0.377 0.111
STN 0.218 -0.098
HEEES Fosinensis NH;-N -0.449 ~0.676"
NO3;-N —0.453 —0.184
SON 0.526 0.277
STN 0.347 0.114
R TESE PN NHi-N -0.293 ~0.134
Poa pratensis var. anceps
‘Qinghai’ NOs-N -0.531 -0.266
SON 0.460 0.017
STN 0.338 —0.155
SEEH Puccinglia tenuiflora Nppi-N _0.241 0257
NO3-N —0.052 0.113
SON 0.146 0.216
STN 0.083 0.200
iR BOR Poacrymophila NN _0.494 _0.548
NO3-N -0.831° 0.177
SON 0.350 0.828"
STN 0.091 0.694"

S351790-10 em )75 A BRI E RS  SANPPIRIAI R R 5L, 454
F1410-20 em+ 7% AL BRI RTIEVE RS S ANPPRIFIR R 4. *, p<
0.05; **, p<0.01; n=96. NHi-N, ##%(; NO5-N, A%, SON, ml#k
HHLE; STN, A%

The third column shows the correlation coefficients between the soluble
nitrogen contents in the 0-10 cm soil layer and ANPP; the fourth column
shows the correlation coefficients between the soluble nitrogen contents in
the 10-20 cm soil layer and ANPP. *, p < 0.05; **, p < 0.01; n = 96. SON,
soluble organic nitrogen; STN, soluble total nitrogen.

ARARHICE R L HENO;-NF 8 BA — WM. HAh,
T IESON & th AR A R R A B R ™ A 22 57,
i R AR AN LHEH L IESON S B &5 T ot #
%o IXATREAZ H T L ESON E ZR IR T~ LA MY
JRERTREAFE S AR RR AR 4 R 0 o AR AT v P DA % 3

TAE PRSP 53 Wb, TR A AE AN [R) R AR
X T AR BRI IA B 7 A 3R B HESON & & 77 AR
ZSCERER, 2007; IS, 2014).
32 AIEMSHIEALSEMEAE S Gt

AW EY, AT HH 43 n] 7% & LLSON N
¥, HSTN)45.02%88.76% (0-10 cm)F147.75%—
88.18% (10-20 cm). HHMLATLATSH, T3ESONJELE
N TR R G B2 AL, IR RS A
AU EE NEAR . ZIR. IR LT BAIK
WM EIERR .. 2. RES. XEYFRKZN
NEEANVA, HEYA R EERCRH, R e
SFENRRE. TR, 2%, DR 115
SONW) T EH BB 7o T IBE IR & & — 77 T HUR
T g AR 1) R K AR D P AT e AR
W el T A0 B SR T R TR R R RS, 3 — D7 T
TR R WA AN T AR AAFR
MO AR BRI RN ER, S8t
BESON T EAFAE 22 7 (T Wi5F, 2020). A T 5t 1438
IN 5 STN & & ) 11.24%-54.89% (0-10 cm) 1
11.83%-52.25% (10-20 cm). NH;-NAINO3-N& &4
S 5 STN & & K 5.42%-21.61% (0-10 cm) A1
3.09%-19.56% (1020 cm). 8.96%—33.28% (0—10 cm)
F16.08%-40.99% (1020 cm), NO3-N7EINH (54 &
BT R IR R K E D, RS KER, MR
F5, @& EIENO;-N R (L E RS, 2018). 2
G55 (2017) 38 0 78 = VLI X - Hh R B 7 20xs + 45
RAFFEM R R I, AN T 3 LA LANOS-N
NFE, EHENO;-NANH-NE BRI, 78R
N8 SRkRE, N TEH 5T E A SON
o E B, N TR S R O AT B R
Moy,
33 RAMHESAFHEARNXR

A FLERFR, PALEF R4 AR
AR E T IENO-NF & 2 3 fAHKR KR,
=R ANPPE E, HIENOS-NS i Hu . B
F2 9 A A0 BT A TR A LA Y S 1 IR WA i 4F (Wang
etal., 2012). Ik, MR HIRFILE K EEIFE, X
TAFRE RN TH M, & 518 I FAE Lok kb 30
AR, T R PO A RO R R R, 3R
R AR Py, AR N LB ) AT R SRR AR e
PEEK BFA4E, 2013; Bop4E 2016).

RZEHEFFEY, RIREDTRE LS N & & 3
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BERBAARCE AR, SmfEidE RARIA T
B A S R G (T B4, 2020). EFE—FErE
BRI AR AR e A 2 7 A 7 e ] R R
ISR AT A4, 2018). A, $R M ARA R
F = B R e X AL 28 pF BT B R . TF
T T (2014) A 30 P 5 iy i 28 Bl 50 n = i 3k N T
TR ThRE . AREF A R ROR, BEE N LR
W EsE N, LEESTNG & B3 N, RARME
(o EAP b, TS BN TR BRI Th g
23

NMDS 45 58 W7, BE & N 15 Hb % 9 36 i,
0-10 em+ 2 e T i 1t S 425 B (A ) I 34 7
IS PR R BT B, X 10-20 emt 2 B4 )
FHI o 32 BH 3B IR 0 AR R A RS 1) - 3 e
MRS R, SRR N TR R ARML
EIRRZEDE-10 cm T2, WA WY 5 +I1E
WA R Z SR E R R IR OTIT 545, 2020), AT
T B AR RS R A PR AF PRI R I B
[ S 1
34 MES5ERAIEHAIEIN

HORl, T8 ik 7 20 4R & 75 i e 5
B SO B R, e SRR TR
B RBOR . BRCE R R AR IR EE, 2018; 5K
SCIESE, 2018), IX LR SRR E SN TR
R R Y B U TR T EEER, (R
PR T A oA B (1 A R T SRR AN 38 PR A M o
RHAINBRHE. 5INEA A FIREIRIG PR S
FICR R, Befdaiakdim N TE R, R
AR B8 3% 2 50 70 3R A5 & T i B8 5%,
T Re A R 08 RIS 5 ) 22 5 1 ) 356 A v 3K,
MM AR BV A2 7 ke fase . R, fEAN T
MR R A, BRI S B S A SR E 1 Y
FERh, B MAEYE I7 25 A AR S T35 L 1
PG, DAGERFH AR @ A1 D R

4 ZEig

9 e JE N L RCHBE RS 28 I, ANPP &L R [
#, JLHAE VYR N THHL, P Sk S ANPPE) 2
ERBE. = =, VYR A THHHIESTN I & &
43 °H30.67 25.64 16.92 mgkg' (0-10 cm)A
40.72. 28.95. 16.38 mg-kg ' (10-20 cm), 5 #%
HAH B, PO WS B - ESTN & & T % 1 44.83%
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(0-10 cm)F159.77% (1020 cm). HFEHHrEM, A
THLH +3ESON, STN S 5 ANPP £ 2 3 IEAH G 6
FRo PN T = 22 U 2 B AR 7= R0 R 3
BRI, & S AR E AT A R AL
B AR IR EE . 4k, TIESONELE mIEN
THMAES RGP LA HEM AL, 5 HIESTNS
T 1745.11%-88.76%, Tl mE R AE KRR
PEIRAS AT Bk 1) U2 5
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