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Abstract: To study the changes in agronomic traits and fermentation quality of maize silage harvested at different

stages of grain development in desert irrigated areas and to screen for the best-performing maize silage cultivars in the
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Third Division area, four silage-specific and 11 grain-feeding maize varieties were evaluated, and agronomic traits
determined. Silages were prepared at the grain-filling stage, and when the milk line reached the 3/4 milk stage, 1/2
milk stage and 1/4 milk stage, of grain development. Nutrient composition, fermentation quality and in vitro
digestion were measured after 60 days of fermentation, and the agronomic traits, nutrient composition, fermentation
quality and digestion characteristics were used as evaluation indexes for the multi-factor evaluation of the 15 maize
varieties using the similarity priority ratio method. It was found that silage corn plant height, cob position, fresh dry
herbage yield, whole plant fresh weight, stalk fresh weight, cob fresh weight, seed fresh weight, dry matter (DM),
crude protein (CP) , water soluble carbohydrates (WSC) , starch content and metabolizable energy increased
incrementally as grain development progressed, and reached a peak at the 3/4 milk stage. Among the varieties,
Dafeng 30 had the highest fresh herbage yield, Jinyu 9 had the highest DM content, Xinsiyu No. 10 had the highest
CP content, Xianyu 696 had the highest WSC content, and Tunyu 765 had the highest starch content, with values
significantly different from other varieties (P<C0.05). Conversely, the contents of neutral detergent fiber (NDF) ,
acid detergent fiber (ADF) , the ratio of ammonia nitrogen: total nitrogen (NH;-N: TN) , the organic matter
digestibility (OMD) and the gas production rate decreased incrementally as the reproductive period progressed, and
ADF, NDF and NH;-N/TN were lowest at the 3/4 milk line stage. Among the varieties, ADF content was the
lowest in Xinsiyu No. 12, NDF content was the lowest in Xinsiyu No. 10 and NH,-N: TN was the lowest in Xinsiyu
No. 11 at the 3/4 milk line stage, with their values significantly different from other varieties (P<Z0.05). OMD and
gas production rate peaked in the filling period, with Xianyu 696 having the highest OMD and Xinsiyu No. 10 having
the highest gas production rate, with both significantly different from other varieties (P<C0.05). The pH of the
silage of each maize variety initially decreased and then increased at different grain-development stages, while the
lactic acid (LLA) content initially increased and then decreased, and there was no significant pattern of change with
fertilizer in acetic acid and propionic acid. The silage pH value was lowest when harvested at the 1/2 milk line stage,
and the variety with lowest pH was Tunyu 765. Silage LA content was highest when harvested at 1/4 milk line
stage, with Xinsiyu No. 12 significantly higher than from other varieties (P<C0.05). In summary, harvest of silage
maize at the 3/4 milk line stage produced high yielding and high quality silage forage, and the multi-factor scores of
Xinwo No. 1, Tunyu 765 and Dafeng 30 were highest among the tested varieties. Therefore these three varieties are
recommended for planting in the Third Division area of Xinjiang and in ecologically similar regions.
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Table 1 Maize varieties tested

e AL ] A H W i) [ERL A
Varieties Breeding  Growth period Type Breeding unit
time (a) (d)
11 £ 10 Xinsiyu No. 10 1998 101~105  FI £ K Silage comn B Ae RN B AR Y5 BT Crop Research Institute of Xinjiang Acad-

emy of Agricultural Reclamation Sciences

BriE £ 11 Xinsiyu No. 11 2007 120~125 I E K Silage corn BrimAe BR 2 BEVEYITE S BT Crop Research Institute of Xinjiang Acad-
emy of Agricultural Reclamation Sciences

i & 12 Xinsiyu No. 12 2013 110~120 5% K Silage corn B SRR A A ) TR AT PR 94T 7 Xinjiang Wote Bioengineering Co.

B4 13 Xinsiyu No. 13 2013 120~125 MR A A Grain and feed BiSRIR R A ) TR A B 57 4F A 7 Xinjiang Wote Bioengineering Co.

ik 15 Xinwo No. 1 2005 120~125 W% X Silage corn BB IR R A ) TR A5 B 3 4E 2 A Xinjiang Wote Bioengineering Co.

ili T 80 Tunyu 80 2009 110~120  M4A 3 Grain and feed L0 PG o F Ffoll B4 B 43 47 BR 22 7] Shanxi Tunyu Seed Technology Co.

ifi £ 168 Tunyu 168 2013 110~118  H4HE)H Grain and feed b5t s £ Al A BR 57 4F 23 7 Beijing Tunyu Seed Co.

i % 765 Tunyu 765 2019 120~129 M3 Grain and feed 35t E AL A BR 77 4T 22 7] Beijing Tunyu Seed Co.

A 53 Tieyan 53 2010 110~118 LA HE A Grain and feed  FRIG T4 BE 4B Tieling Academy of Agricultural Sciences

K 30 Dafeng 30 2007 110~127 AR Grain and feed 11175 K EFll A FRZ 7] Shanxi Dafeng Seed Industry Co.

S 696 Xianyu 696 2014 120~125 K3 Grain and feed  #kU& 565 AT W92 A BR 2 ] Tieling Pioneer Seed Research Co.

L 968 Jingke 968 2011 120~128  MFHET Grain and feed b5t i ARMAF 2 BE £ KRB 58 1.0 Maize Research Center, Beijing
Academy of Agricultural and Forestry Sciences

4 95 Jinyu No. 9 2008 110~120  MAE 3 Grain and feed 1LY 42 & A= By il JB 43 47 R 22 ] Shanxi Jinding Biological Seeds Co.

Q1901 - 112~115  HUAHH Grain and feed —

Q1902 - 112~115  HUAHH Grain and feed —

Q1901, Q1902 7 £ # 5 i #l Not approved.

1.2 &%t

B R AR HL X A e T, A /N XRR AR 14>

P15 m* (5 m X 3 m), &A/NX 20 K E &, I3t 300

AS/NIX, 4500 m®. A BRAT BE G B 25 G Y b BE I 55 em SEAT IR o X 50 3 A %5 B2 90000 & - hm DU JE AR AT .
IR 275 2 i K I R OKRIE R ], T 20194E 5 3 7 H N THE R . BRI R KIE o B PP IR BE 3~5 cm, K BFBR
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BOEW . &4 F WK 5, K 4500~6000 m®. F2 BEEWMEARRERENE

hm 2, Jifi B : R % 675 kg-hm 2, B B2 — & 300 kg- Table 2 Reference variety comprehensive quality and its
hen B (B — R 150 kg-hm . e fE I E Do i ,
RAEH I FLE 1/4 . 1/2 70 3/4 30 BORE 7 4 2 HEIR e H Ve BT el
T B E 7 Z R EE 2 om 2 A R 5] R fief &5 7 & Fresh grass yield (t-hm *) 97. 50 0.25
’ ’ FHIFEDM (%) 38.00 0.15
HEA S TARRLHLAS 85 em X TL(10 em)” AT K 5 HLZE 1 CP (%DM) 9.50 0.05
TEA e (16£0.5) kg (8 B 600 kg-m ), e AT K (i U 2 £F 4 NDF (% DM) 30. 00 0.10
25 TT TR N 2SR, IR RO R AF 60 d S I RE (R P VE ¥ 2F 4 ADF (% DM) 25.00 0.10
2, MR KIS Y WSC (%DM) 22. 00 0.05
1.3 40 BEH Starch (% DM) 35.00 0.15
RN E W bk B SRR bk P o vt
W CERFOER RS MRS SO sk ok oo
ZIBAA (%FM) 1. 60 0.01
by TR 1) e A T o ) e ) AN A S, (A b THT % A b T — A/ NN (OFM) L oo 001
A TRBE A A2 L) T K AT A 4 220 B2 B RO 4 FRa PA (YFM) 1 60 0.01
T A /N X BE AL EE IR 20 Bk L oK HP (B (em) o 6 B H LIS L OMD (%) 80. 00 0.10
2 L BEALZERE 3/ (B 3R E ) B 3 A /N X fRiHAE ME (MJT+-kg ") 11.50 0.10

TE: I TR 5 BT 2% GB/T25882-2010 brifi .
Note: Silaged corn quality refer to GB/T25882-2010 standard.

ENCBRFE 5 em) FRfF 1, 7 306 727 i o 4k 6 i U
SE B B R /RS /N DR B, SR A A R R AR R
WUR SRR B SRR /g /D R, SR T 1
1B (g) s B /N AR B Js At R FEORAFRL, FR a7 b fif 5, SR P BME (@) s 5 Ja , FH A R 8 — SR ff R 75
A E (g) .

SR FH B AR 00 o R A S R b R B R I T (dry matter, DM) 5 it LG E 2005 T R
# 1 (crude protein, CP) & 3, B Lb (035 0 72 7] %5 PR ik 7K 46 & ) (water soluble carbohydrates, WSC) &% it , i [K
(Van Soest) ¥ ¥ £F 4 322 I 2 v 4 356 ¥ £F 4 (neutral detergent fiber, NDF ) Fll 2 P 1 ¥ £F 4 (acid detergent fiber,
ADF) & i, R FH 55 U 7K i — TR b €5 325 000 22 T 8 (starch) 1 o, SR FH & [ $2 925 0 72 KL B 7 (ether extract, EE)
.

o FH R FE T HI0 5 pH, 2R FH =5 8500 €8 335 725 I 7 FL R (lactic acid , 1LA) . & & (acetic acid, AA) \N & (propionic
acid, PA) F1 T & (butyric acid , BA) & &, 5 FH 2R Wy — UCGURR 4 LU €275 D 78 NHL-N & &1, 6] B 3 2 2 2 A
A (NH,-N/TN),

A A 7= A 0 i P R A AR A O i LR AR A 4 B BR B 220 mg GRDRHEE O R B T
100 mL B BS 55 TR NI, 25 VAL sl el | B A 15 9% B 0 39 “CHE IR A8 AR, 5 M — e AR RIS v 52 3 (X 30 )
SRR T A KA Sl ge b, 2 B 2 IR e [ ) 5 A 5 b o T ) 38 0 1] 4 K R | 10: 00 FF 4 18: 0042
MELERDRL T EROK B A X R AT RN, HORORS R L 4 6 KSR R BRAE W BOR A R : BOK 5100 Bk
24% TLMI 180 BRPR AN 2. 500 ISR 206 JRE 1.5 AR 100, MR FELIF IR KN F ) B H W5 A 1Hs
FRWR A (RFULG 1:2) JE R 3200, P N T35 32 2 B Menke 258710 7 ¥R BE 1, F 0 V8028 20 3 1) BT A6 5 3245 1
A 30 mL N T B B R, BT 39 (CHE IR /K WA £8 PR b 85 5, 91 1) 52 55 2.4 .6.8.10.12,24 .36 .48 h Y J < &
(gas production, GP) , [ B} 43 A1 45 #L ¥ 78 £b R (organic matter digestibility, OMD) F14X i 5 (metabolizable energy,
ME) , OMD=0. 986X GP+0.0606 X CP+11.03; ME=0.1639X GP+0.0079X CP+0.0239X EE+0. 04, =
H:GP Ry 24 hiy =< CP M A& & A 0 8GEE MR & & | 080 .

1.4 BEHAT L %t
] Excel 2019 #9725 5 B S0 H3 , R FH SPSS 20. 0 45 #4548 5 BEAT 77 22 4301 , SR FI80L 8 3R 7 22 43 BT (one-
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2.1 RAFEEZRAAFTHPSE®F

XoF 4% I K A R A R O R B, AN [

R KRIE AR — TR S22 A855(%3), 1

H L B R 135 LK E 30 A R 968 i ik #1330
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2%113/4%@)%,%;?%%&&1%%%0
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SR B 0 A R R R R g A (1) . o g
AR 0 25 5 I K Z DRk i3 22 5 34 40/ | 4 bk fif T
1/AFLEA5 W E K Z 0] 22 R8N 25 FF R B AR RL
fif 75 3/4 FLE A4S T I E oK Z ) 22 /N . BRI 4
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Table 3 Harvest period and fresh grass yield of maize varieties

Q1902  JEE 696 HAE96S 4E9S

Q1901

FRAELIS FEEINS FEELRZES FEELSS HES HE1IS fET65 £HF53 Hik1ES KF30

N
Harvest time

=L 7D
Index

Jingke Jinyu

Xianyu
696

Tunyu  Tunyu Tieyan  Xinwo  Dafeng

Xinsiyu Xinsiyu Xinsiyu Tunyu

Xinsiyu

No. 9

968

30

168 765 53

No. 11 No. 12 No. 13 80

No. 10

08-01 07-24 07-23 07-28 07-18 07-28 07-23 07-22 07-18 07-22

07-18 07-22

07-30 07-28 08-07

% 1Y) Filling stage

2
7

it

AHH

07-28 07-28 07-28

07-29

08-04

07-24

08-02 07-29 08-07

08-07

08-01 08-14 07-24 07-28

08-07

Growthperi™ 1 /421 28 1 /4 milk line

od (Month-

day)

08-04

08-08

08-04

08-10

08-08

08-04

08-12 08-12 08-14

08-12

08-12 08-26 08-08 08-04

08-12

1/2 %4k 1/2 milk line

08-26 08-23 08-26 08-26 08-14 08-26 08-20 08-14 08-26 08-14

08-26 08-14

09-04

08-28

08-26

3/4 512k 3/4 milk line

58.20Dj 60.00Dh 60.75Dg 65.25Dd 70.20Db 61.35Df 57.30Dk 67.50Dc 60.75Dg 71.40Db 64.14De

71.85Da 46. 40Dl 59. 30Di1

58. 20Dj

% ] Filling stage

2
7

it

i R A
Fresh grass

64.20Cf 61.95Ch 69.00Cd 76.35Ca 62.85Cg 60.30Ck 72.30Cb 65.85Ce 71.85Cc 71.48Cc

61.40C1

76.40Ca 47.60C1 64.40Cf

60. 80C]

1/4 3£k 1/4 milk line

yield

76.95Bc  71.85Bf

75.00Be 64. 20B1

67.80Bg 76.20Bd 85.35Ba 67.95Bg 61.65B]

64.40B1 64.50B1

81. 20Bb 50. 00Bk 65. 30Bh

61. 70B;]

1/2 %4k 1/2 milk line

(t*hm %)

78.60Ad 70.65Ah 81.15Ac 76.95Ae

92.25Aa T74.70Af 70.20Ai1

68.90Ak 68.70Ak 72.60Ag 70.35Ai

88. 50Ab 58. 20Am 69. 00A]

64.40Al

3/4 512k 3/4 milk line

[J) 50 A ) R B 2 B 2678 A W) AR & 25 5 B35 (P<<0. 05) ; AT A [l /NG 2 BE 26785 A 1) fh 22 57 8.3 (P<<0. 05), T IAl.

Note: Different capital letters in the same column indicate significant differences among different growth periods (P<C0.05) ; Different lowercase letters in the same row indicate significant differences among different

varieties (P<C0.05). The same below.
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Fig.1 Variations of agronomic traits, nutrient components and fermentation quality of various maize in different harvest periods
GRS 1RSI S e B A 1 8 v GO 3 B 5 € 3 R N N DI 5 @ Y SR TR 2 S R VS e e S o R
TR FEHA LA BLC.D A FRMER I 1/4 LMW (1/2 ZL W F1 3/4 FLE W . In the box chart, the upper and lower edges of the box represent the
upper quartile and the lower quartile respectively, and the upper and lower quartiles constitute the box, indicating the degree of data dispersion; The
middle horizontal line represents the median, the hollow circle represents the average, and the small black dot represents the abnormal value, A, B, C

and D represent filling stage, 1/4 milk line stage, 1/2 milk line stage and 3/4 milk line stage, respectively.
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