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WE.ABE 1 5 8 ¥E (Phalaris arundinacea cv.Tongcao No.1) HAEX M4, R A 473 (30.50.70 cm) Fe e R 2 (
TH0.46.92kg e hm H_HAE LR RB AT AR THESHAESTAALTHABETRRA> S TN,
AW REEAAENBEFEFRRAYANE, MAERZTE M SAFTHPBESTZT LR M 5L E
BoMARZENEETR, BMRPBEMNFLEFREREF LS ETHAR T mm Ik, MR I P FKERE LD
AR ME MG, BETERMEATHEREZ T TH, £ I ALEALS T, AF5E 30 cm &R =
kg e hm *AAMRPFRAME TR G, AFE 70 cm R T 92 kg » hm *AAME R AT, AT HEEX
AR ey E R A A, APHATIE 30 cm AR 92 kg e hm P TR BFRGVWHAE B HLEORTE,
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Regulating effect of nitrogen fertilizer and row spacing on yield and

quality of Phalaris arundinacea at different growth stages

Jia You-yu', Luo Xiu-mei*, Zhang Yong-liang®"*
(1.Inner Mongolia Academy of Agricultural and Animal Husbandry Sciences, Hohhot 010030, Chinaj;
2.Inner Mongolia University for Nationalities, Tongliao 028042, China;

3.Inner Mongolia Industrial Engineering Research Center for Forage Crop, Tongliao 028042, China)

Abstract: Reed canarygrass Tongcao No.1(Phalaris arundinacea cv. Tongcao No.1) was used as test material,
two factors of nitrogen application level (0, 46, and 92 kg » hm ?) and row spacing (30,50 and 70 cm) were
designed, a field complete split-plot experiment was conducted to study the effects of row spacing and nitrogen
fertilizer application level on the yield and nutritional contents of reed canarygrass at different growth stages.
The results showed that: the yield and quality of reed canarygrass were influenced significantly by nitrogen fer-
tilizer application level and row spacing. With an increase of nitrogen level, forage yield and contents of crude
protein, calcium and phosphorus of reed canarygrass increased and the nitrogen free extract contents decreased
at different growth stages. CF content and ADF content of reed canarygrass at heading decreased and increased
at maturity stag and regrowth stage. The yield of reed canarygrass at different growth stages decreased with an

increase of row spacing. Among nine treatment combinations, there were higher forage yield in A;, By, treat-
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ment at heading and maturity stage, and there was higher forage quality in A; By, treatment. Reed canarygrass

Tongcao No.1 can obtained higher forage yield and crude protein content when the planting row spacing was 30

cm and the nitrogen rate was 92 kg * hm

?, and the period of suitable cutting utilization was heading stage.

Key words: Phalaris arundinacea cv. Tongcao No.l; row spacing; nitrogen fertilizer; forage yield; nutritional

content
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M. it ZEAE RE Fi e A i RDHL AR A B L (BT
HoAh 355> & &M A R A — 2, AR ERS T
Wi E (Phleum pretense)™ FlI 5 (Leymus chinen-
sis) 7 FORL AR T aE L RRAR T R RORLZR 4k K
PRI RR MY &R T R . fTHEAR S
FEUE YRR AEOCRERN T KR R SR T R A
AT A . A EEH N RAT XN (Triticum
aestivum ) FFRLER [T % 1A Wm0 (H A 2
FONRAT BE X /N ML B (Panicum virgatum ) 8
FUR S T 5 m 0 AT UL AR 2 2k AR B R 2
ANa] A7 B AR %8 37 o3 A e 1 S e AR R — 2

BETL (Phalaris arundinacea ) & M YT 48 B r= &
AR B 1 0T 3 St et ml SR O 1A T R R
Jertd R — AR T R RN E 1 24 A R A BHICRE
H i A 5 RUAE 5 A7 BE 0 5 5598 3% 000 3% B 52 0 B BF 5
i WL IE e AR 130 B A [R) AT B R EIE K P B
FEAT HE A XN 6] A= B B 309 i R 3 3% B 1 o 1 5
M) o L3 Ay S e o R i S R R B R

1 #MR5EE

1.1 AL HL E SRS

T2 56 Hb A7 38 3T PN S RO K AR A B i 5 R
5 M B0 o 43°36" N, 122°22" E, ¥4k 178 m,4E 8
it 6.8 °C.=10 CAEIE SRR 3 220 C « d, Z4F
WK 8 398 mm, AW 154 d, +HEH K € 5% f)
T BE L EAE VLT SR 12.43 g o kgl B A
84.03 mg « kg ', WAL A 30.07 mg - kg . B
A& 65.8 mg- kg '.pHIHN 8.2,
1.2 BB RS IR v

Mk B BB 1 S BB E (P. arundinacea cv.
Tongcao No. 1), B R HIKRE (& N 46%), &
FHHE A R N2 . ATIE R E N 30.50.70 cm 3
AT B Asy A Bl Ay s, AR (48 ND %
EHN 0.46.92 kg « hm* 3 UK, 400 H B, LBy Ml
B, ®n.3 WEE , M X &I, EX AT, &

X R ita A K, EX R 1 m, @ XA 0.5 m, /MX
MR 4 m>X5 m, 2011 4F 5 H 22 HEEFh . FEFhm= N
15 kg » hm ", [f]—/NDXCEEAT 45 Fb i A7 5], 45 ol ik it 96
R 8 200 kg » hm 7, 5 2 4EHFIRFIG (2012 4E 5
A 10 HOBEFT I8 i 2000 AL B, FH /N DX it AR /4T 80
AR AT M IE A L 4R AT A T Y i R e A S A L
Ko TEIHEAR N T 5L, 75 B2 X 4
ANKHEAT R L B 7 cm, NE S Y B AR BORR O FE A

W,
1.3 s H 55k
13.1 my&i 2 fERE R AR (6 T 11 HD) b

TR (6 A 30 H O AL A 39 OS2 N 515 B9 FE
B9 H 15 HD L BA/DNXBEPLES: 3 1 1 m FEBST
M TGN E0 B34y L 7E 65 °C S RCT AR T T 24 h
J5 AR TS T AR AT

1.3.2 EIRMAY  EIE B A [ I AR R
TG AR ORI KRR 1 kg A2 AL
Il S g% NAE 70 °C1E R T ER A LT 5 B i & .
B E I O kS BEOSCERC 10 T i 5 I A
Horp M F B (CP) & 5 190 R H 9L G e A& M
Y2 (CF) 3 it i I 2R FH R — B0 28 0% s W M vk 0k
21 4 (ADF) 75 £ I 2 >R FH 91 TG R 1 1 U4k 41 4 73 A1
KLAG DT CEE) & &5 0 0 5 2R % IC32 B0k 5 K 43
(Ash) Z 2 I R KA 5 20 (P) & 5 19 I SRk
FHAUEH 38 2 Y66 B 1k 5 45 (Ca) 2 o I %2 R FH 5 4 R A
HWE; TR EY (NFE) & &= T% & & — Ol
OGRS KD .
1.4 ¥ diabrn

K DPS HHi A B0 3847 7 25 50 W7

2 HBREHH

2.1 FUIES AR AS T & I TS " R
L5 17 BE X AS [R] A B Ao 3 Rl 5 7 A5 AN [R) 52
(R D, #£9IMEHEAEG T AWB AAFKERERT
P o e e s AR R DT RN B A 40 DL A B
A By Ag By G F AR, 2000 H Ay B H AR
35.94%.52.53% F1 25.21% , H 5 Ay By, Z [0 22 7 8
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K@K (P <C0.05) . Y it & = A1 [6] 1, A [8] 17 B
(1] oty A 01 0 8 S0 R R 7 B 25 R AN W3 (P > 0.05),
A7 BEAR TR I it 805 AN it 8 Ak 3L ) R o 25 R B
(P<C0.05), M 46 1 92 kg « hm? b [A] 22 B R
BFHP>0.05, MEMARE M, FEF™ & LI,

22 W1IR T 101t 500 U BT B IS 04 T AR AR KA A
HEVEFT . MATHEE 30 cm B, it 205 A it 80 4b B ) 7
W2 E (P <<0.05), B4 40 51k 50 Fl 70 cm
BF L i 92 kg » hm * 5 AN A AL B (B, 7= & 25 57
B3E(P<<0.05),

®1 ERESTELEBASHARNEENABEERESE (kg hm™ ) WE N

Table 1

Effects of nitrogen fertilizer and row spacing combinations on yield of reed canarygrass(kg « hm~?) at different growth stages

A A

H W Growth stage

Combination M Heading stage

WA Maturing stage

AW Regrowth stage

Az By 7 756.74+253.7¢
AsoBys 8 956.9+422.2b
Ao Bos 10 061.94220.4a
Aso By 6 445.4+170.6d
AsoBys 8 819.9+421.4d
AsoBos 8 502.3+280.3bc
Az By 7 546.54249.3c¢
Az Bis 9 369.1+441.6ab
Az Bos 9 169.6+394.3ab

3191.54+111.9d
4 023.9+143.6ab
4 267.54200.0a
3513.94122.4cd
3 664.0+114.9bcd
4 073.7£175.4ab
3 338.14+196.7d
3 414.14199.2d
4 008.2+171.3abc

10 779.44395.2b
13 318.4+213.1a
13 680.74160.2a
8 417.5£160.2d
10 249.94353.5bc
9 940.04+112.5¢
6 494.71+452.9¢
8 408.1+404.4d
8 655.2+431.2d

1 RIS Rl NG B R R O R AL B A 1] 22 5 18 3% (P <<0.05) ., T[],

Note: Different lower case within the same column indicate significant difference among different treatment combinations at 0.05 level. The same be-

low.

2.2 BB S AR AN 75 I TR 5 5 ) 5 i
2.2.1 RAAESATEE X AN EE B A B e A
AT BE XA A 5 CP & 2 AR (£ 2) ., Bl
it A 4G N RE FL CP & a3, 178E 30.50.70 cm
TR 92 kg « hm *@E & CP & &40 5l lL RIATHE R
A AL B 17.38% ,13.47 % 1 26.31% , H =#% =
i) 22 S 935 W K (P<T0.05), A By, 44 CP &
R, M A, B, A4 CP &8 &M, L Ay, B, &
31.30% (P <C0.05),

RFUIE 517 B x5 h A EE 7T CF 1 ADF & & 52 1
B (3% 2), A,Bn4l4 CF #il ADF & &M%, A, B,
M4 CF S Bm. Aw B 448 ADF & & &, 20 5l
He AqBo, 44 T 14.00 % F1 53.11 % (P<C0.05)

I it 283 3%, il 0 88 5 NFE &% & F %, EE
SR TG 2, E30 M 70 em ATHE T A AL S
At AL A 2% 5 W (P <<0.05), A, By, 414 EE
AT 6.93%, AB H A AL, N 3.66% , B
F G FE 89.34 % (P<C0.05) ;A4 B, & NFE & &
5 s Azo Boo 2 A5 S IR T LG & 5 33.70%0 (P <<
0.05),

BiE AT e 2o 15 0, Sl BRI EE RE Ash.Ca FII P
TR R K AP (E 2), 1E 50 Ml 70 cm 1T
T A AL BREE R Ash,Ca F1 P & &35 T RATHE 8

At BALFE . As By, 44 Ca Ml P & & W& 5 T HiA
H4(P<<0.05),

2.2.2 FNE 54T X EE R T RS2 e Bl it
REWMEES CP & & (% 3), 178 30,50,70
em FLHERIER 92 kg « hm ™2, (AW BE R CP & &
4350 B TR AT B A it 280 Ak B R 98,69 %6, 121,70 % F1
133.33% , 22 3k B E KV (P<<0.05) . Ay B4l &
CP Fratfm, i Ay, B, 41 A CP & &K, /i & e
HR 193.77% (P<<0.05)

Jiti A B RN AT B X B B RE CF Ml ADF & & 5%
M (R 3). Ay B, A4 CF FI ADF Y 7 & fi e
AnBy W4 CF & & f A, 1 Ay B H 51K 13.39%
(P<C0.05) ; A5 B, & ADF & i il b Ay B G
fi% 22.08 % (P <C0.05)

FERCA L BB 5 EE & & B E AR 2 L
P NFE &t 2t FREEHE(GR 3) . EFRATEET, il
A 92 kg » hm 43 EE & & W& & T At & 40 #
(P<0.05), Ay By & EE & AyWB A&
%R 2 5 5  54.95% (P <C0.05)3 Ay B, &
NFE & & 5 1, Aso By & & K, B & L /E & &
22.85% (P<C0.05),

Bl AT B R R A 2 0, BB R Ash, Ca AL P 3 5 2
BB (F3) , Cafll PAY i it 80 AL BE W 35 55 T[]
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Table 2 Effects of nitrogen fertilizer and row spacing combinations on nutrient contents of reed canarygrass at heading stage

Ak 7 HER HLAF 4 PR 1 Uk T 2 4 HLIE 17
Treatment CP/% CF/% ADF/ % EE/%
Az By 14.7340.30de 26.0040.06ab 39.5140.89c¢ 3.6640.17f
AsoBys 15.52+0.49cde 24.6540.34bc 48.7540.30a 4.6840.11de
Az By 17.2940.15b 26.23+0.14ab 36.63+0.38d 5.3140.15bc
As By 14.18+0.26¢ 27.4340.36a 42.344+0.40b 5.53+0.01bc
AsoBis 16.09=+0.18bcd 24.5540.46¢ 32.1840.26e 5.73£0.01bc
Aso By 16.09+0.51bcd 24.5540.13c¢ 32.1840.23e 5.73£0.14b
Az By 16.34=+0.98bcd 24.8140.18bc 41.87+1.41b 5.05+0.12cd
Az Bis 16.86+0.31bc 26.00+0.97ab 36.3741.46d 4,43%+0.11e
Az Bos 20.6440.11a 24.0640.58¢ 31.8440.21e 6.93+0.39a
4k 3 TR ) HUK 53 i W
Treatment NFE/ % Ash/ % Ca/ % P/%
Az By 40.19+0.70a 8.280.04bc 1.08+0.04d 0.3940.01d
Ay Byg 39.53+0.89ab 6.2040.07e 1.16+0.04d 0.394+0.01d
As By 31.96+1.28ef 7.5640.15d 1.4240.05¢ 0.4140.01cd
A0 By 35.43+0.96¢d 8.05+0.20cd 1.3940.01c 0.2440.01e
AsoBis 33.15+0.35de 9.7040.22a 1.4140.01c 0.44+0.01ab
Aso By 33.15+1.21de 9.70£0.11a 1.46+0.04c 0.43740.01bc
A0 By 37.36+£0.74bc 8.384+0.67bc 1.40+0.02c 0.414+0.01cd
Az Bys 33.1740.28de 8.81£0.25b 1.73+0.01b 0.41£0.01cd
Az By 30.06+1.07e 10.17£0.05a 2.03£0.04a 0.46+0.01a

R3 ERSTENRAPBEEEFHSSENZN

Table 3 Effects of nitrogen fertilizer and row spacing combinations on nutrient contents of reed canarygrass at maturity stage

Ak P HEH HH 4 4 PR M Uk R 2T 4 LA Wi
Treatment CP/% CF/% ADF/ % EE/%
Az Bo 3.0540.23d 27.75+0.93c 48.37+0.70b 3.6440.12f
Az Bis 5.68+£0.16¢ 27.4940.18¢ 46.98+2.02b 4.13%0.16de
Aso By 6.07+0.16bc 29.7940.11a 54.3442.02a 4.6540.18cd
A Bo 3.18+0.23d 29.6740.43ab 47.44+1.05b 4.3240.05de
AsoBys 3.94+0.13d 28.0140.67bc 50.5140.04ab 5.247+0.01ab
Aso Boo 7.0540.36b 28.10%+0.25bc 42.34+1.27c 5.6440.14a
Az By 3.84+0.36d 25.8240.30d 49.60+0.18ab 4.54740.27cde
Az By 6.3340.36bc 28.90+0.26abc 47.18+1.54b 4,81+0.30bc
Az By 8.9640.43a 25.80+0.03d 54.32+2.14a 5.4740.04a
Qb ¥ TARE Y HLK 43 15 w
Treatment NFE/ % Ash/ % Ca/ % P/%
Az By 61.13+0.35a 4.42+0.09e 0.477+0.02cd 0.19£0.01de
Az Bys 55.3840.62b 4.74+0.20e 0.64+0.03b 0.18+0.01e
Az By 50.1740.05¢ 5.9840.01d 0.63+0.01b 0.26+0.01bc
Aso By 54.1440.30bc 5.58£0.05d 0.21£0.04e 0.16+0.01f
AsoBis 51.4740.46bc 7.55+0.14c¢ 0.91£0.04a 0.1540.01f
Aso Boy 51.344-0.35bc 7.70+0.13c 0.84+0.06a 0.214+0.01d
Az By 52.9940.11bc 8.21£0.17b 0.5620.06bc 0.2740.01b
Az Bis 49.76£1.25¢ 7.2240.45¢ 0.3640.02d 0.2440.01c
Az By 50.7840.97¢ 8.88+0.33a 0.86+0.04a 0.3040.01a
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FFHEF At A AL 3 (P <<0.05) . Ash & 8 7E 50 cm 17
FER it 2 Ak B X R AN AL B (P <<0.05),
A By, A Ash fil P & i » Aso B 5 Ca & it i
ws g ml e Ag Be 4 A R 100, 90% ., 60. 002 F
93.62 % . 22 57 ¥ 3K W 3 K- (P<C0.05)
2.2.3 AR5 A7 BE X P AR DRSS T R it
XF 30 H1 50 em 47 HE N FRAE I EE B CP & & 5% K
2 (P>>0.05) (£ DM 7E 70 cm 4705 FAIREZE CP &
AWM, 92 kg « hm *Hi AL CP &8 855
FARAAB(P<<0.05) . A, B4 CP & i,
M Az By A4 CP & & e, 17 & 5 # & 32.72%
(P<0.05),

FA W HE R CF Il ADF & 42 52 it 80 & F AT HE 5%
Mg (K 4), 7E 30 FIl 70 em ATHE T, i A AL 3 CF
M ADF & &30 & T RATHE N A A A 2, 72 TR
AR R A 92 kg « hm HALFE CF & HEEFEH T A

4
T AL H (P <C0.05), Ay B, 24 CF fl ADF & & #%
ik, CF 1 ADF & &2 53 5I7E AsoBoo Fl Ao By 2H 5 B 5
S As By ZHA T 28.35 % 1 34.29 % (P<C0.05),

PR G 5 EE & & B i 0B 3 i - &, NFE
S it R0 T R R (R 4> RATHE R . b LAk
HE EE & 25 8 & (P <0.05), m A (92
kg « hm )P FRE® NFE & & 8 EM T RATIE T
At Ak BE (P <C0.05), EE f1 NFE & & 43 %I LA
A Bo Al Ay By H A i LA Ay Bis Fl Ay Bo 5 B
fiX,EE Fl NFE & f& 5 2 L5 2 40 il = 64.90% Fil
46.25%

i 77 BRI 260 2 3 0, §E R Ash Ca FI P & i1y
ERKBEE(E D, ABLEHA Ca P SR,
AwB, A AR 735 As By, 41 A K 43.40% F
32.14% (P <<0.05); Ash & & DL Ay B, 4 & s
Ay B A B AL BT LS # 5 40.02 % (P<<0.05)

R4 ARSTENBEPEERERMSSENIM

Table 4 Effects of nitrogen fertilizer and row spacing combination on nutrient contents of reed canarygrass at regrowth stage

b B HEH hiikamid iR 1P V5 ik 2T 4 HHLAR 7
Treatment CP/% CF/% ADF/ % EE/%
Ay By 12.93+0.79d 21.2040.38e 34.9740.24d 4.85+0.14c
Az By 13.81£0.69bced 24.4640.70bc 36.7541.21d 3.96+£0.01e
As By 13.58+0.26bed 23.3940.58cd 37.8140.94d 5.7140.19b
Aso By 14.93+0.69b 23.1940.66¢d 41.53+0.41c 4.384+0.05d
AsoBys 13.85+0.72bcd 22.9840.64cd 44.76 +£0.96ab 4,96+0.18¢
Aso Byy 14.24=+0.15bc 27.2140.19a 37.224+1.21d 6.24+0.05a
Aq By 13.3240.39cd 22.60+0.11de 42.02+1.07bc 4.3240.02d
Az Bys 14.67+0.31bc 26.1840.50a 45.484+1.39a 4.08+0.04de
Ao By, 17.16£0.08a 25.6540.33ab 46.96+0.21a 6.53+0.02a
b7 TRE LY LN/ 5 W
Treatment NFE/ % Ash/ % Ca/% P/%
As B, 50.47+1.53a 7.34=£0.15d 0.9040.01e 0.3840.01e
AwBis 47.0740.84b 7.2240.08d 1.20£0.02d 0.45+0.01cd
Aso Bos 44.554+1.36bc 8.31+0.42¢ 0.99+0.02e 0.444+0.01d
Aso By 40.47+1.50de 7.47+0.23d 0.90£0.01e 0.437+0.02d
Aso By 41.39+0.77d 10.11+0.08a 1.4940.03b 0.527+0.01ab
Aso Bz 36.14+1.221{g 8.92+0.13b 1.5840.04a 0.537+0.01ab
As By 44.3440.42c 9.75+0.19a 1.30+0.02¢ 0.51%0.03ab
A By 38.1841.43ef 9.1340.18b 1.3540.04c¢ 0.494+0.01bc
Az By 34.5140.86g 9.9440.39a 1.5940.04a 0.56+0.01a

3 iHie55ie

3.1 RS AT AN ] Az 7 I OTRE )™ B i 52
SUIE R AT B X e AR R R A B B R

Mt it A B N [ A S R R
T A A B Tt AL 46 F1 92 kg « hm ? [A] g5 & 2 &
EZRARE, UL BER R E S R E N
46~92 kg « hm ™", 7 2= il U1 X5 B 24 31 00 351 7 P A=
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A RAA RS B 20 AL 92 kg « hm 4=
F I
AT A R TR AR T R AE
0 5 7 B 2 B 30 e 78 . 76 A 71 R
N LEERL R BEAT EE R O R B, X — 45 R Sk
(Avena nuda) T #F 77 1t bl 5 17 5 A9 38 K 2 T Bt 3
M gh FUST DL K o TE 48 F (Bromus innermis) #il Y
i B AT HE R 0 e 25 R — . [EMEER
ST JH R 1 SRR 2 A AR R ZERUR B, H T B B
JIR B A AR A B T, ol R 5 R 3 K AT R X
L P A e B A AT R A A TR B
3.2 GRS ATREASAS ] A 5 I J1 55 5 5 514 5% i
T 1Y UG AT e AR AR R ORE 1 it BT ol R B
FE 0T i AR A ) BT A S AR T
PR AR 1 0 i IR — B2 DUAB R IR P 4 L& 1 A
I+ A 2 T A A A P 2 U 1S i T L EUIE X
A 5 s B 5 5 A AR 2R UNE W R T
RS R R K T X A B R O e AN S R A
HAF SR, S R A e — 2. i
RNEHE = 1 HEHOMLRR D7 & &, 3% — 45 5 50 18 X e 1
FEI L ETE (Medicago sativa )M KLIG Wi 1 #F
FAR ., PR A LM (Panicum
virgatum)™ M M B K (Zea mays )P U R
F AR R VE VR R AR A i R, MR RN T
FOMLER 1 CHLAR 7 2 &, R AIR T OMLEF 4 K A R R

2 % 3k References:

L] #IF5E. T4 sRai 5, B AR, 49 B bR, IR 75 i 200 0 P2 20 A % 5 3t A 0 77 & 0 o o

2077.

M E L e TR SR N R (Triticale
cereale) I JitE EBIF 5210 3¢ BH , 38 Jit 280 AE Ak 2 1) A1 28
T S R ORT R A Tl UNE Y Ak B T AR OE R R AT
Yt TRYEVEVR LT 5 /N T ARBAC AL B, ABFSE
e A BEAR R 1 R R R AR B S R £ 4 R
PEVERAF S i, A BT R AR T %
F A R RO AR S i R T R R b PR R R AR A =
WAL 185 o ek 6 7t A D 2 8 oKL 2 48 0 ep 1 1 % 2F
Yk i TR AR B BT, A F ST 52— 30, A
HE TR LA A 8 HORL 2T 48 A b e VR AT 4E
s, A T AR R A K R A K
TRV 7= S 3G 00 TR 27 24 0 v M O U A A P 2
.
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