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Abstract: [Objective] The study was to investigate the effects of three factors, including water replenishment, nitrogen
application, and pasture type, on the biomass, plant nutrient composition and soil quality of artificial grassland communities by
planting artificial grassland with different planting patterns of Hulunber, and to reveal the retreat of Hulunbuir area and the
water-fertilizer coupling mechanisms of cultivated land artificial grassland, so as to optimize the mode of planting management.

[Method] The experiment was carried out at the Hulunber Grassland Ecosystem Observation and Research Station. On June 6,
2016, the experiment began with four blocks, each of which included three test factors pasture types (P) and nitrogen application
level (N) and Irrigation (I); forage types included three treatments: alfalfa (P,), awnless brome (P,), and alfalfa and awnless brome
1:1 mixed sowing (P3); nitrogen application levels included no nitrogen (Nj), low nitrogen (N;: 75 kgN-hm™>a™) and high nitrogen
(Ny: 150 ng-hm'2~a'l). The hydration included two levels (Iy: no water, I;: hydration). There were 72 test plots, each of which was 7
mx10 m, and the row spacing was 1 m; it replenished the water 3 times every year in June, July and August, and the water per unit
area was 20 mm. The nitrogen application (chemical pure urea) was twice in the seedling (returning) and tillering stages, respectively.
Grassland biomass, nutrients (plant crude protein, neutral detergent fiber and acid detergent fiber) and soil nutrients (soil total
nitrogen, soil organic carbon and soil pH) were measured in 2016 and 2017. [Result] (1) The response of (N), (I), (P) and (PxI) to
yield in the year of planting (2016) reached a significant level (P<<0.05), and two measurements in 2017. The total yield of the
production reached a significant level (P<<0.05) in response to test factors such as (N), (P), (PxI), (PxN), (NxIxP), and mixed (P3).
Under low water (Iy) conditions, the yield of low nitrogen (N;) was significantly higher than that of the other treatment groups (P<<
0.05), with an average of 17 801.19 kg-hm’2. (2) The crude protein content in 2016 and 2017 were P, treatment>P; treatment>P,
treatment, in 2016. P, P, and P; treatment showed that the CP content increased with the increase of nitrogen level when the
hydration (I) conditions were the same, and P; was not replenished under water (Iy) conditions. The crude protein content under
PN»l was significantly higher than that under P1Nyly, P;N;Iy, and P;N;I; (P<<0.05), reaching a maximum value of 19.08%; in 2017,
under P; at I conditions, the CP content of the lower N level (15.12%) was significantly higher than that of N, (P<<0.05). (3) Both
nitrogen application and water addition promoted the negative growth of soil SOC content, positive TN content, and negative pH
growth. The SOC growth of the topsoil and the bromegrass were significantly higher than that of the mixed seeding (P<<0.05), and
the TN growth of the topsoil was significantly higher than that of the bromegrass and mixed seeding (P<<0.05); under the surface and
subsurface of 2016, the ratio of soil carbon to nitrogen (C/N) was higher than that of 2017, the average surface layer was 17.39%
higher, and the subsurface layer was 15.18% higher. The carbon and nitrogen ratio of surface soil was more obvious. The surface soil
carbon and nitrogen ratio was P;Nyl; in 2016, with the highest value of 8.15; in 2017, the highest value under P;N,I, was 5.67. The
carbon and nitrogen in the subsurface soil was 6.36 higher than that under P|N,I; in 2016, and the highest under P;N,I; in 2017 was
5.67. [Conclusion] In the second year of planting in Hulunber, the coupling effect of herbage, water and nitrogen fertilizer had a
significant effect on the biomass of the grass. The coupling effect of water and nitrogen fertilizer had a synergistic effect on the
nutrient accumulation of the grass. The construction of artificial grassland plant could reduce a C/N and soil quality to drop, and
adding in different kinds of grass, and water and nitrogen levels all showed the 0-20 cm soil SOC content and pH value were lower
and soil TN content increased, indicating that soil acidification occurs, bean-grain mixed soil pH lower amplitude was less than

unicast, and high nitrogen and filling water could be reduced to a significantly increased the soil pH value.
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Fig. 1 Variation trend of meteorological conditions temperature and precipitation in 2016-2017
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Table 1 Experimental design
puse bl MR Ak FKF
Treatment Pasture Irrigation Nitrogen level
(mm'm?) (kg N'hm™2-a™)
P1loNo EECL =i 0 0
PN, Alfalfa 75
( P1 )
P1loN> 150
P]I]No 20 0
PN, 75
PN, 150
P2IpNp Tt 22 g 0 0
PN, Awnless brome 75
(Py)
P2lgN> 150
P2liNp 20 0
PN, 75
PoIiN, 150
P3IpNp E A IC T 2 IR 0 0
+
PALN, Alfalfa+ Awnless 75
brome (P3)
P3IoN> 150
P3IiNp 20 0
P3N, 75
PsIiN, 150

1.3 MEmMBSA®
1.3.1 KEALAYE 50201648 H 6 H. 2017
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EBEHLBEE 34N 1 mX 1 m (RS, AR RREENE
o FAEYIE, WAL S em, FUE. TRIEDXEERE TR
RIFRIRA, TN 7S CHAAN R IEE, .
1.3.2 HEZRKRS BUAEYERSG R
AT B BERE IR e, T (CPY SRAELIK
SERE, PR LT (NDE) FIR T VI 274 (ADF)
% Van Soest J7 %, XA (RFV) K52 E 4%
A O U R T /N S B A B TR R R R A X
(B P ) o 2

RFV=DMI X DDM/1.29
A A, DMI (dry matter intake) AAHEETH) 50K &
#; DDM (digestible dry matter) Jyu] WAL KT i,
DMI 5 DDM ¥ RO AS 7R 43531 A =

DMI =120/NDF

DDM = 88.9-0.779 X ADF
1.3.3 +ExRA 1E 72 MRK/NXCREE LR,
FIH L4 (HA% 2 cm) 239)F 0—10 em. 10—20 cm
TR R PR, RNX S RE SR — A
At REEAR BRI P75 o SRS BT A FF df 7 B A
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Table 2 Summary of ANOVA evaluating the effects of N, I, P, and their interactions on dry weight

Source of variation 2016 2017

F P F P
& Nitrogen 0.200 n.s. 6.281 *(0.034)
JK Trrigation 0.067 n.s. 4951 ns.
L Pasture 1.738 n.s. 21.827 *%(0.002)
%X JK NitrogenxIrrigation 0.090 n.s. 0.875 n.s.
JK X HEL TrrigationxPasture 0.752 n.s. 19.640 **(<0.01)
X A PasturexNitrogen 0.438 n.s. 23.888 **(0.001)
JK X P X 5 TrrigationxPasturexNitrogen 1.099 n.s. 4.270 *(0.022)

JiES T R ns FoRERALT, *FoREEFN P<0.05, **FoREENE P<0.01
Results of ANOVA, n.s. not significant,*Significant at P<<0.05, **Significant at P<<0.01

KB (P>0.05) 5 2017 AEP P2 =
FOMACEEA (P)  POESRARIFI K (D ARk
IR AR (ND R AC EL AR FH o Vs 218 55 2%
AP (P<<0.01) , X} N Al NXTIXP A2 5 AEH Y
LB B E/KFE (P<0.05)

# 31, 2016 AR OE S LR (P A K (1)
FAFFAME (Ne) FEa (N P& T A K
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(P M= ERIMNE P HAREALTEEZR
B (P I &M FEEXT I Iy &1F T N fl N, 4b#E
(77 B R R BT . 2017 SRR = & P 7E T 51 R
BEE N Hn/=mEa i aAEIEARE (P>
0.05) , L ERM =& mT A, P, RILE Ny &
PER A= = S B, R T Ny AN (P<<0.05);
Py E L & F N - REEEHS T HAGHY (P<
0.05) , “FHiAF] 17 801.19 kg-hm™, & I,N, kb ¥ 4h
P; 7= & 5 1 Py Al Py
2.2 TELEMNHEEFTFE S HIFNE

ARV TR OCRE ()78 S U A K 2 5
F 4 2017 AEEFERG-FIETHER (CP) S
FEIN K B (P A FE > 1 45 R P48 22 VR % (Py)
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Table 3 Comparison of the biomass of lower pasture between

treatments
AbEEA 7748 Dry weight (kg-hm?)
Treatment 2016 2017
P1IoNy 1725.00+190.02a 9954.26+756.41a
PN, 2249.63+317.60a 8241.24+389.35a
PN, 1385.93+226.72a 9546.30+1391.84a
PNy 2171.67+263.37a 9356.11+471.86a
PN, 1936.11+370.06a 10184.04+1492.04a
PN, 2150.46+272.86a 10705.19+1653.52a
P1IpNp 2592.69+363.03a 11030.56+292.88a
PN, 1855.28+416.00a 11133.80£173.71a
P2IoN, 2767.69+595.23a 9316.60+1001.31b
PoIINy 1829.26+316.65a 11894.91+£163.28a
PoI|IN; 2258.80+505.40a 11562.36+£122.73a
PoIIN, 2672.50+675.11a 8542.5+555.63b
P3IpNy 2178.06+511.10a 13253.33+637.41bc
P3IpN; 2214.63+341.56a 17801.19+503.09a
P3IpN, 2594.17+560.39a 13683.80+266.01b
P3Ny 2313.52+445.38a 12169.26+394.49¢cd
P;I|N; 2554.63+£256.94a 13263.98+396.62bc
P3N, 2140.74+573.56a 11027.78+384.61d

B A A BRI R R AP bR R IR ZE . RIS /NS 7
BEROR )L 7] A BN, SR B B 2 ) 22 57
P<0.05

Data are presented by M+SE. Different lowercase letters in the same column
indicate that there are significant differences among different sowing
management modes at the same time and under the same grassland type, P
<<0.05
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] R4S 13 SOC FrE MK, TN FiIEHK, pH
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R4 TR HEET AR

e 38 13 SOCLTN B pH (1978 Ak ) 5 it S50 34 I
ANGEA—2, JLrp oo e 22 R e TR n 3
SOC &, Jm pH {H, /)= 13 SOC S & 7 Al
TTEE PR R E M TIRE (P<0.05) (H 2-b) ,
T4 TN KR A AR A B 35 T e &
FPERERE (P<<0.05) (I 2-e) ;5 #/KZLMABIR T
P14 SOC &, #&5 TN &, T pH (&I
AR HHER 2RI, WRZPE, #KE 1
R TN F pH IR RR S TR m T RE
e
Wi 3 iR, 2016 AF3 AN R )2 1) T3 A L

(C/ND BJiET 2017 4, K2 FHEH 17.39%, Tk
T m i 15.18%, R T8 AU LK AR A0 B 1
i, R E A 2016 4F PNy BN 8.15,
2017 4 PN, fe il 5.67, W2 HIEBALL 2016
PN, BN 6.36, 2017 4F P3N, Fe i A 5.67.

Table 4 Effects of different treatments on the change of nutritional composition of grassland from 2016 to 2017

KbBRZH 2016 2017
Treatment HIE R AT YE  RRMEVRIRATAE AR ik PR LT TRV AT AR
CP (%) NDF (%) ADF (%) RFV CP (%) NDF (%) ADF (%) REV

PI)Ny 16.61+0.14b 29.85+1.26a 20.12+1.88a 229.99+13.80a 15.87+0.70a 48.83+0.81a 30.83+1.45a 125.35+3.81a
PiIoN; 17.51+0.41ab 33.49+2.42a 21.23+2.71a 205.41£19.95a 15.51+0.42a 49.84+0.95a 31.87+0.56a 121.17+£2.53a
PyIoN, 19.08+0.47a 28.47+1.70a 17.81£1.50a 248.48+17.10a 16.18+1.41a 48.91+1.38a 30.91+1.64a 126.67+7.02a
PyI}Ny 16.69+0.74b 32.31+2.12a 21.51+2.76a 211.44+18.30a 15.27+0.68a 49.00+1.08a 30.90+1.39a 124.56+4.55a
PNy 16.62+1.27b 35.32+4.64a 24.48+2.68a 196.45+31.60a 15.30+£0.55a 49.95+0.98a 31.89+0.79a 120.19+2.62a
PiI1N, 17.55+0.47ab 31.35+2.61a 22.09+1.86a 218.12+21.46a 15.12+0.66a 49.54+1.88a 32.29+1.65a 122.27+7.52a
P2INy 16.37+0.68a 34.27+1.32a 19.71%1.11a 200.74+8.91a 10.21£1.02a 65.08+2.02a 36.99+1.27a 86.534+4.19a
PoIoN; 17.93+0.20a 31.12+1.67a 17.55+1.74a 227.76£17.80a 10.24+0.59a 63.46+1.14a 36.67+0.89a 88.70+2.59a
P,IpN, 18.19+1.21a 33.61+1.48a 17.65+1.88a 209.85+13.62a 12.42+0.47a 63.40+0.99a 34.76+0.99a 90.93+2.53a
P,I1Ny 16.59+0.68a 31.07+1.07a 17.33+1.19a 226.77£9.17a 10.04+1.42a 61.77+1.18a 34.51+1.14a 93.74+£3.07a
P,IiN; 17.46+1.11a 33.47+091a 18.86+1.62a 206.73+8.44a 11.33+0.84a 62.43+1.49a 36.55+1.96a 91.68+4.56a
P, 1N, 17.88+1.56a 32.34+0.97a 18.67+1.83a 214.9+9.80a 11.01£0.61a 64.21+1.47a 36.75+1.24a 87.62+2.96a
P3Ny 16.79+1.38a 33.65+1.85a 22.24+2 51a 200.61£15.95a 13.15+£0.52b 55.33+2.68a 33.72+1.55a 106.87+7.69a
P3IoN; 16.82+1.23a 32.61+1.93a 20.99+2.30a 209.97+16.51a 15.12+0.42a 53.29+0.89a 31.09+1.25a 113.61+£3.51a
P5IpN, 17.39+1.88a 33.77+2.77a 21.85+1.42a 202.83+£19.54a 14.69+0.39ab 54.22+1.71a 31.20+0.40a 111.50+3.73a
P;1Ny 17.93+1.27a 30.85+1.70a 19.954+2.29a 224.03£16.75a 14.71£0.42ab 54.754+2.49a 33.01+1.44a 109.03+6.42a
P;1N; 17.62+1.09a 31.96+2.59a 20.27+1.68a 218.49+23.41a 13.77+0.80ab 55.76+0.87a 33.29+1.27a 105.48+3.06a
P;3I1N, 18.34+1.05a 31.34+1.69a 18.44+1.89a 223.95+16.67a 14.65+0.46ab 56.37+2.33a 33.56+1.56a 105.02+5.91a

Bl B RO BRI R P AR HE DR o IS RNG FRER R I ) )OI, AN R R A B [0 22 52 2%, P<<0.05

Data are presented by M+SE. Different lowercase letters in the same column indicate that there are significant differences among different sowing management

modes at the same time and under the same grassland type, P<<0.05
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Fig. 3 Changes of C/N ratio in different treatment groups from 2016 to 2017
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