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Fig. 2 Relative chlorophyll content and leaf area index of silage maize under different treatments
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Fig. 3 Above ground dry matter of silage maize under different treatments
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Fig.4 Fresh grass yield and hay yield of silage maize under different treatments
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Table 1 Nutrient content of silage maize under different treatments
S AKTRBAY g RNV OERG % HRT mpnsn
Planting density application (,rud'e Starch Crude Crude Neutyal ACldlc. washing
level protein fat ash waﬁhmg fiber
fiber
L NO 7.79 de 40.13 a 2.07 efg 3.71b 35.93 ab 24.59 abce
N1 8.87 bed  38.21 abed 2.25 de 4. 20 ab 36.18 ab 25.26 ab
N2 10.02 ab  38.52 abc  2.91 ab 4.40 ab 34.10 ab 22.13 be
N3 10. 34 a 38.96 ab 3.14 a 4.41 ab 31.30 b 20.40 ¢
M NO 7.33 e 39.29 ab 1. 86 {gh 3.76 b 37.38 ab 25.25 ab
N1 8.48 ¢d  35.35 bede 2,13 ef 4.18 ab 39.29 a 27.15 a
N2 9.70 ab  36.55 abcde 2.66 be 4.41 ab 35.91 ab 23.85 abce
N3 10.06 ab  35.62 bede 2. 84 abe 4.51 a 35.71 ab 21.65 be
H NO 7.07 e 36.80 abede 1.67 h 3.90 ab 39.94 a 27.02 a
N1 8.05 de 34.17 de 1.77 gh 4,05 ab 40. 38 a 27.31 a
N2 9.45 abc  34.44 cde 2.19 e 4.26 ab 38.77 a 24.48 abc
N3 9.79 ab 33.58 e 2.53 cd 4. 35 ab 38.12 a 23.54 abce
1 Average L 9.14 A 39.04 A 2.58 A 4.11 A 34.48 C 23.20 B
8.96 AB 36.65 B 2.38B 4.27 A 37.00 B 24.43 AB
H 8.71 B 34.66 C 2.06 C 4.21 A 39.15 A 25.49 A
NO 7.39 C 38.75 A 1.86 D 3.78 B 37.73 AB 25.63 A
N1 8.42 B 35.95 B 2.04 C 4.11 A 38.64 A 26.61 A
N2 9.82 A 36.44 B 2.60 B 4.42 A 36.18 AB 23.42 B
N3 10. 14 A 36.00 B 2.85 A 4.47 A 34.95 B 21.54 B
K2 & &1 Significance of ANOVA PD % % * % % ns % % % %
NA x % * % % % % * x %
PDXNA ns ns ns ns ns ns

T R R A RN B AR b B ] 22 53k B P <20, 05 2 35 K AR RS 5 AR R R OK P9 22 53k 8] P<<0. 05 .35 /K5 PD,
NA Fl PDX NA 73 AR FAE % BE it BK T & S HAE T » Ak P<<0. 05, 27 B35 « « LR P<<0.01, ZF MR % ;ns K P>

0.05, ZF A RE, TH.

Note: Different lowercase letters indicate significant difference among different treatments at P<C0. 05 level,and different uppercase let-

ters indicate significant difference among different levels of factors at P<C0. 05 level; PD,NA and PDX NA represent planting density,ni-

trogen application and interaction between them respectively. * represents P <C0. 05, with significant difference; * *

stands for P <<

0. 01, the difference is very significant; ns stands for P~>0. 05,no significant difference,the same below.
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Table 2 Feeding value of silage maize under different treatments

Tl ke %% 2 it 2 K TR R/ % T BE R % AR A A/ %6
Planting density Nitrogen application level Dry matter intake Dry matter digestibility Relative feeding value
L NO 3.33 ab 69.15 a 178. 34 bed
N1 3.29b 68.47 a 174. 58 bed
N2 3.52 ab 71.25 a 194. 63 ab
N3 3.83a 72.59 a 215.71 a
M NoO 3.21b 68.73 a 171.13 bed
N1 3.06 b 67.27 a 159. 65 cd
N2 3.35 ab 69.90 a 181. 55 bed
N3 3.37 ab 71.62 a 187.08 be
H NO 3.02 b 67.39 a 157. 65 cd
N1 2.98 b 67.18 a 155.26 d
N2 3.10 b 69.41 a 167.02 bed
N3 3.16 b 70.15 a 172.08 bed
F Average L 3.49 A 70.37 A 190. 82 A
M 3.25B 69.38 A 174.85 B
H 3.07 C 68.53 A 163.00 C
NoO 3.19B 68.43 A 169.04 C
N1 3.11 B 67.64 A 163.16 C
N2 3.33 AB 70.19 A 181.07 AB
N3 3.46 A 71.45 A 191.62 A
ST e PD % % ns v %
Significance of ANOVA NA * % ns * %
PDXNA ns ns ns

e 2 P, T R A 0 7 I oK+
Py IR £ R AH X ] T A (652 R B B 3 (P <<
0.0, X FY IR R B E ., M A H %
JE N A AL B T BOR B L T IR AR

ARG AN TC 8 3 25 5. L % N3 b3
(T TR 2 0 3 1 N A F AN (B
TN, N2 ERFEESR., FHHEER, 5 NO
FALE . N1 8 T %) ot R 2 & BRI 2. 5% (P >
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T AR R L 5 G 0T T T P X I K 7 e 5 B K R R R R R <67 .

0. 05) , AH X ] F A (B KA 3. 5% (P =>0. 05) 3 N2
N3 BTk E R 4. 42 (P>>0. 05) fl
8. 5% (P<C0.05) , M X FH M (#2157 196 (P>
0.05)F1 13.4% (P<C0.05), N3 /KFT H %
WTYRERERREMN T LEMEFARE.
PEMERR MM HZENTYRRERK L B
FEARG 6. 9% A1 12. 0% 3N3 KT L %8 BE A4 AR X 4] JH
MERERT MM H, FYEER,M M H %
AR AR X ] A (42 L S AR 8. 4 20 14, 6%,

Hi 2% 3 AT, R 2 B 5 e EU0 5 IE T OR M
. B K 4y NDF, ADF 1y 77 & 5% Wi ) % %
(P<C0.01), Pl 25 B8 4] U8 B 7 5 5% W) b 2, %)
HLRG B 7 5 TG 5 3 5% ) o il 506 3 A B 3
Wi (P<<0.01), [A—%E T N2 Hl N3 4b 2 A
FEAFHEREEH T NOLN2 5 N3 LR EES,
SR R NTLON2 Fl N3 AL = B 8% No
W 48.4%,107. 2% 1 113. 1% ; 7] — Jiti &
KFEFEEEWHEA " ®RERARE ., FHE
FEH MAMHMHEAREES T L& L#
B 23.2%F1 25. 5%, 12 SARIE P HN3 g9 &
Hy- . HS MN2 ERE25%, LA H %
JEETT 5 it 8 Ak PR B A G W 25 S MO

T N2 AbBE A GE B R B E ST NO. A — il A
KV T&FAEE LW IER - ELREER, 1Y
{B 7~ N1 N2 FiT N3 AbH A 3 5 7= B No &
FARE 20, 1% .46, 6% F1 43.3% , M fil H % ¥
MITER =i L B 17. 2% M 16.3% . Jr
A AL MN2 B3ER ™ &t B . 0 2.59 t/hm”,

LAl M BT N2 Fl N3 b5 HLE b7 7
BT NO M NL, H#E T N2 fl N3 &
T NO., AH[RNiE R KT & % B R s 7 7 6
WEZES, FHMHEERNLIN2 N3 A HLE B
R ONO B OE A 440 700, 1180 4% A
139.5% . FrAAbFE R MN3 (0L B 7= & 0. 97
t/hm®) e 55 MN2 JC 8 % 25 5. M A Fb ki
T N2 N3 4B HLUK 2 e e i T
NO.N2 5 N3 ol % 2 7. R A KT %%
ERH K TR EES, FE¥EE R, NL,
N2 FI N3 [y # K 43 77 & 8 NO 2 & 40, 5%,
81. 0% F 82. 3%, 2 W . FrA A HN3
LK 23 77 i (1. 60 t/hm®) e i, 5 MN2 & i
EES.

L % B T 45 it AL B () NDF 7= & 76 i 3 2
S oM TN2E FH & TN, HE E TN2HM

x3 TEALEBTENERNEFBATE

Table 3 Nutrient component yield of silage maize under different treatments t/hm?
A 7K S ¥ - ¥ e Y e 4
A T P v A L R i (N D ADE
application level protein fat ash
L NoO 1.35 e 7.11 ¢ 0.36d 0.64 ¢ 6.37 d 4.37 ¢
N1 1. 93 cde 8. 71 abc 0.50 d 0. 90 be 8. 26 bed 5.79 abc
N2 2.79 abc 10. 65 abe 0.81 ab 1.23 ab 9.43 bed 6.11 abc
N3 2.73 abc 10. 34 abc 0.83 ab 1. 16 ab 8. 30 bed 5.41 be
M NO 1.58 de 8.45 be 0.40d 0. 81 be 8.04 cd 5.43 be
N1 2.42 bed 9.97 abc 0. 61 bed 1.19 ab 11. 07 abe 7.64 ab
N2 3.38 ab 12.59 a 0.92 a 1.55 a 12.36 ab 8.21 a
N3 3.46 a 12.12 ab 0.97 a 1.56 a 12. 14 abc 7.38 ab
H NO 1. 66 de 8.51 be 0.39d 0.91 be 9.21 bed 6. 24 abc
N1 2.45 bed 10. 23 abc 0.54 cd 1.24 ab 12. 08 abc 8.16 a
N2 3.35 ab 12.03 ab 0. 77 abc 1.51 a 13.54 a 8.54 a
N3 3.58 a 12.01 ab 0.92 a 1.60 a 13.62 a 8.43 a
-1 Average L 2.20B 9.20 B 0.63 A 0.98 B 8.09 B 5.42 B
M 2.71 A 10.78 A 0.72 A 1.28 A 10.90 A 7.16 A
H 2.76 A 10.70 A 0.65 A 1.32 A 12.11 A 7.84 A
NO 1.53 C 8.02 C 0.38 C 0.79 C 7.87 B 5.34 B
N1 2.27B 9.63 B 0.55 B 1.11 B 10.47 A 7.20 A
N2 3.17 A 11.76 A 0.83 A 1.43 A 11.77 A 7.62 A
N3 3.26 A 11.49 A 0.91 A 1.44 A 11.35 A 7.07 A
bSlE ST o PD * % * ns % % * % * %
Significance of NA * % * % * % * % * % * %
ANOVA PDXNA ns ns ns ns ns ns
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N3 @&/ T No, FH{E &~ , N1.N2 Al N3 1)
NDF 7= &t 3 NO I 2 #& 5 33. 0%6.49. 6% A
44, 2% 1M 3 AN HE AL B 22 B OR B . N2 A
N3/K¥TF.HZERNDF “HEESET L. 5
M ESFARFE. FHHEE-R.M A H K NDF 7=
L W 34,78 % M 49. 7%, LA H %%
JEFAMAAL Y ADF P8 L & 25, M %
JETN N2 B ¥ m T No. N3 KFT.H ®EM
ADF & B F KT L, F¥HEBR.NI.N2 Al
N3 i ADF =48 NO & 3% 45 & 34. 8%0.42. 7%
M 32.4% ;M Fl H i) ADF 8% L B E#5
32.1% M 44.6% .M 5 H 2% K5,
2.5 AELEFETEKKSSFHBEIE
Wk 4 R B 2 R it 2 B R I A8 ELAE
FHOT 5 i S K 5 A 3 bR 9 R R 3E
AR XU ) A S K BTG 2 R it g %
WA 3 (P<C0. 01) , Tl 4% B f 52 1./

Xof FE (] AR 7K S 52 Ml AS I 25 it 0% 5% o g 2, A
A 2% it 8%k 7K 43 R T 88038 (WUE D) 52 il 1
FEP<0.0) . XHEHME LR ER W, I
Aab 3B I ADSCIR S0 A BT K s K T[] R K i
TR EZES., FHHEE/R.NLN2 F N3 4B Y
WAk I I K NO FEAR 4. 9% (P =>0.05) .
12.5% (P <C0.05) #1 17. 6 % (P <C0. 05) , M [i] #&
KRR NO B4R E 5. 1% .11, 4% Fl 13. 6% 5 4%
oA 285 P85 1 475 T AR AR D) - K i e [R)RE K
WREXES . MIEIFEZE T N2 N3 A3
) WUE 3% & T N0, N2 5 N3 i % 2% 5.
N2 I N3 /KFETF M Hl H g WUE 85T LM
H5HXIXRFEZR., FHEER,NL.N2 Fl N3 4
) WUE # NoO & 35 $2 %5 23. 1%, 40. 0% 1
36.0%:;M Fl H % ) WUE B L & #4# 5
24. 700 25. 8%, Fir A A th MN2 1) WUE
[84.61 kg/(hm?® « mm) J&H& .

R4 FRLBETEREREKSHARER

Table 4 Water use status of silage maize under different treatments

Jiti K-
Nitrogen
application level

?éﬁﬁ)”’:/kﬁ/mm
Water storage
before sowing

il AT 2% B2

Planting density

Y FR I K B/ mm

KRR %
Water

use efficiency

M A #E /K i/ mm
Field water
consumption

Water storage
at harvesting

L NO 333.39 a 267.69 a 368. 20 a 47.96 d

N1 337.86 a 256.91 a 383.45 a 59 05 cd

N2 343.38 a 234.44 a 411. 44 a 67.29 be

N3 335.46 a 229.24 a 408.72 a 64. 87 be

M NO 334.62 a 272.65 a 364.47 a 59.02 cd

N1 335.44 a 255.41 a 382.52 a 73.82 ab

N2 340.44 a 235.06 a 407. 88 a 84.61 a

N3 333.65 a 214.45 a 421.70 a 80. 86 a

H NoO 340.18 a 262.67 a 380.01 a 60.97 ¢

N1 354.76 a 250.94 a 406. 32 a 73.86 ab

N2 350. 78 a 232.75 a 420.53 a 83.25 a

N3 349.77 a 218.16 a 434.11 a 82.74 a

F-44 Average L 337.52 A 247.07 A 392.95 A 59.79 B

336.04 A 244.3 9 A 394.14 A 74.58 A

H 348.87 A 241.13 A 410. 24 A 75.21 A

NoO 336.07 A 267.67 A 370.90 B 55.98 C

N1 342.69 A 254.42 AB 390.76 AB 68.91 B

N2 344,87 A 234.08 BC 413.28 A 78.39 A

N3 339.63 A 220.61 C 421.51 A 76.16 A
A& W & PD ns ns ns * %
Significance NA ns * % * % %
of ANOVA PDXNA ns ns ns ns
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3.1 S AT E W E K KA R

AW B L 7E B OK A B I A % A i
TG %22 S 50/, i 76 2R B 22 S g kD
AR LGRS R AL, 6 0 45 2% 5 Y i i AR
TR 255 M AEFE M &% BN LAI
8BS TSR, SUE RPN R A 22 3
W AR T BRI R A ISR 3R
KRFE®E. T @ ki, R A
FRG T4 2 i S PR R A OG . AR ST 4G
JE5 DL AL A S SRR AR R
TR GRS R R ERTREE., A5
W B 6 U T I R K A Bk T B R 9 A
TR0, T 2R b S 0145 B R 2 R B
S H R RN, KRR
P il RS A2 B0 23 R AIK K A T B 4
1B S 7/ 05T AR 1 1 N SN 1 D T
KT 240 kg/hm® B, E KB s 4 i & 5 i
AR IEAIEOC R, b S 3it Z L J5 T4 R
WA E, ARE b, A KE N 240
kg/hm® #1360 kg/hm?* Jifi Z& Ab P A it A 2 3%
P 1R T 0 OK A Bk 2R AR R SR R
T AR A ORI i T 7 {H i AL 360 kg/hm® 5
240 kg/hm* TR EER,

3.2 MERESHEERMNBEEEREFmRNZIG

T IE7 35K AHLER 715 RCHL G 5 25 e B o A 2
JRE P18 184 T /0N o R R R P R I A A A B
25 3 A B T B I s AR e b L L
H53 FURL G o 75 2k o b 235 138 1900 348 o v %8 KK L 7R
PRI e U U T A A B R B 0 T L X
5 EBRIESEDY M 45 R — 8. Dado 1 Al-
len"* ™ i 1, 38 224 R A A 6} 1 v 1 Ok % 2F 4 % it
AURETRAN TYRRER. EHWFREH.
T KB v R A T A AT % R ) 396 o
e 4 R i AR X 1 I 2 R A 8
MiFEAR ., Oikeh 451 % B, #F — 5 ifi 2 4 3 [l
DAL s T DR OFF R 1 HEL 11 B ki e 280 Sk 1) B o i
. X ERRAES RIS F B it LTI DA AR R ORORF
L) B T A R R R W RORL IR 0 1
ERJE M & B 5t A R A DG, AR
AT A ML B RS A S E A
S TTVE Ry L v P 0 P 28 U4 2T 4 o it 40 2 119

B, AR RS LR AL i AU
ANJite G R T R K AR (RS D AR AR
oy iR, W ERRARTE R A,
33 METESHEXNSTPREXRASMAL
A

A G R Y] T AKAR I 2 F2 KA 3 b
i B W 4 R AR KT Y R AR K B, AR
T2 56 v ol R 8 6 - 90 K N AR K G
HRWA 0T RE RO KV AR R B IR R
I T AR AR AR L 3 2K R K BH A St e £ L
KAy FEELLZE K Ty 5 BRI AR A bR R
B REKBEZ DB S5 4 B2 L IO B — o 11 3
BRI RS "0 08 T - 25 %, DT o6 FH ) B K
BRI & 2%, AR RN, Tk & A
WUE Fififi % JE (36 i 3 im0 . AR S
DL ARARL, oy | o 2 B IR 2 I S5 4 v ORI T
P (H IR R R RE K L PR AR T
WUE . Li %" B 5% & B, 46 M W) A Rk A5 X T
% I K E 200 keg/hm” , K i B 2 2
s M A 300 kg/hm? B, A 3K B ZE B
R SRR, AT R B, it A B AR AN
it SR 48 A AR A B0 1 oK B I 3 )
FEKEAM WUE, BHNEMEAF NN EE
K WUE 55 it 2B 5140 G, 5 300 0 405 30 it
XFH AR, N [t A AL BT K ) WUE 7
1E 50 22 7 X AT RE S AT B AT O, BRI, W
i — 2 HF 5 Jil R0/ S TR 3 6 55 7 T oK K 4 A
f14 52 1 B HL R AL

4 %

B R o AL %5 R R R g it R R A AR
ek BRI A A BB B SE LR I K
TEVRIE AR R AP e E . 5 JHLAY o R 8 5 it R0 B
(MN2) .3 #7507 oK 59 L 2 ™ i #def T
B AR TR M A v PR VR R AT A S R B R A X
T A AL S A0 9 I T K B0 8 5 I [) P 42 i UK
SRR, L, 82 500 #k/hm? Y Fh il % &
454 240 kg/hm® {4t 5805 2 — i B o 1 ) 7
T DX I 6 0K A 7 1R 8 47 i
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Effects of Planting Density and Nitrogen Application on Yield,Quality
and Water Use Efficiency of Silage Maize in Hexi Irrigation Region

WANG Jia ,LI Yang ,JIA Qianmin,CHANG Shenghua,Shahzad Ali,
ZHANG Cheng,LIU Yongjie and HOU Fujiang

(State Key Laboratory of Grassland Agro-ecosystems; Key Laboratory of Grassland Livestock Industry Innovation, Ministry
of Agriculture and Rural Affairs; Engineering Research Center of Grassland Industry,Ministry of Education; College of

Pastoral Agriculture Science and Technology,Lanzhou University,Lanzhou 730020 ,China)

Abstract The objective of this experiment is to explore the high-yield and high-efficiency cultivation
measures for silage maize in Hexi irrigation region. In this study, three planting densities of 67 500
plant/hm?* (L) ,82 500 plant/hm* (M), 97 500 plant/hm* (H) and four nitrogen application levels [0
(N0),120(N1),240(N2),360(N3) kg/hm* ] were set under each planting density. The experimental
results showed that there was no significant difference in plant height,stem diameter,relative chloro-
phyll content(SPAD) ,leaf area index(ILAD) and aboveground dry matter quality(ADM) under differ-
ent nitrogen application treatments at 6-leaf stage and 12-leaf stage of maize,but the above indexes un-
der N2 and N3 treatments were significantly higher than those of NO at M and H densities at grain fill-
ing and harvest stages,the fresh and hay yield of N1,N2 and N3 treatments were significantly higher
than that of NO treatment. The SPAD and stem diameter of [. were significantly higher than that of H
at harvest,while LAI, ADM and fresh hay yield of L. were significantly lower than that of M and H
treatments. Compared with NO,N2 and N3 treatments significantly increased the content of crude pro-
tein,crude fat and crude ash,and significantly reduced the content of starch and acid detergent fiber
(ADF) ,thereby increasing the relative feed value(RFV) and the output of most nutrient component of
N2 and N3 treatments were significantly higher than that of NO. With the increase of planting density,

the content of crude protein, starch, crude fat and RFV decreased, while the neutral detergent fiber



14 T AR R L 5 G 0T T T P X I K 7 e 5 B K R R R R R © 73 .

(NDF) and ADF increased,and the yield of crude protein, starch and crude ash of M and H planting
density were significantly higher than that of L. The water use efficiency (WUE ) of N1,N2 and N3
treatments was significantly higher than that of NO treatment,the WUE of M and H planting density
was significantly higher than that of L.,and the WUE of M-N2 planting model was the highest among
all treatments. Therefore,a planting density of 82 500 plant/hm? in combination of 240 kg/hm? nitro-
gen is a suitable cultivation measure for silage maize production in Hexi irrigation region.

Key words Planting density; Nitrogen application; Silage maize; Crude protein; Water use efficiency
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