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Screening and Comprehensive Evaluation of Silage Maize Varieties in Low—
Latitude Plateau Monsoon Regions: A Case Study of Dali, Yunnan
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ZHANG Xiao-juan®, JIANG Hua', ZHOU Kai"

(1. College of Animal Science and Technology, Yunnan Agricultural University, Kunming, Yunnan Province 650201, China; 2. Grassland and
Feed Workstation of Eryuan County, Dali, Yunnan Province 671200, China; 3. Animal Husbandry Workstation of Eryuan County,
Dali, Yunnan Province 671299, China)

Abstract: This study seeks to identify high-yield and high-quality silage maize varieties that are well-suited to
the low-latitude plateau monsoon climate. The objective was to mitigate the imbalance between forage supply
and livestock demand on the Yunnan-Guizhou Plateau, support the implementation of the ‘grain-to-feed’
policy, and ultimately to promote the sustainable development of regional grassland animal husbandry. This
study analyzed 11 silage maize varieties based on their agronomic traits, yield, and nutritional composition, and
conducted a comprehensive evaluation using the grey relational analysis method. The results indicated that
‘Heyu36’ had the highest dry weight per plant at 0. 37 kg, followed by ‘Jingke932” at 0. 33 kg. ‘Quchen513’
achieved the highest fresh biomass of 187. 7 t-hm ?. ‘Xikangl8’ contained the highest crude protein content at
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8.11%, while ‘Quchen513’ exhibited the lowest neutral detergent fiber and acid detergent fiber contents at
40.88% and 17.47%, respectively, resulting in the highest relative feed value of 171.52. Grey relational
analysis revealed that ‘Quchen513” had the highest comprehensive evaluation score with a weighted relational
degree of 0. 5668, followed by ‘Datian1416" at 0. 5482 and ‘Heyu36’ at 0. 5382. In summary, ‘Quchen513”,
‘Datian1416’ , and ‘Heyu36’ demonstrated outstanding performance in terms of fresh grass yield, dry matter

yield, crude protein content, and stay-green characteristics, making them suitable for widespread cultivation in

low-latitude plateau monsoon regions.

Key words: Silage maize; Gray correlation; Monsoon climate of low-latitude plateaus; Agronomic traits; Yield

traits ; Nutritional quality
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Table 1 Varieties of silage maize

J¥%5 Number  &Fp £k Variety name $i T 4 Latin name
1 1% 36 Zea mays‘ Heyu36’
2 i< 625 Z. mays‘ Dekalb625’
3 HR932 Z. mays* Jingke932’
4 fh = 28 Zea mays‘ Quchen28’
5 i i 513 Zea mays‘ Quchen513’
6 ih = 9 Zea mays‘ Quchen9’
7 fh = 39 Zea mays‘ Quchen39’
8 = 49 Zea mays‘ Quchend9’
9 THHL 18 Zea mays* Xikang18’
10 B P+ 197 Zea mays‘ Luodan197’
11 KK 1416 Z. mays*‘Datian1416’
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Fig. 1 Fresh and dry weight per plant of eleven tested silage maize varieties
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Fig.2 Fresh and dry biomass yield and dry-matter to fresh-matter ratio of eleven silage maize varieties
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Table 2 Stalk agronomic traits of eleven tested silage maize varieties

o . R 15 Eyicl EX BV E YN
E R FHR Variety name Plant height/cm Stem diameter/cm Stem weight/g Ear height/cm Stem leaf ratio
Fil % 36 Heyu36 256.04+17.92 1.94+40.36% 637.99+34.51" 100.03419.08" 3.0240.52%
il 625 Dekalb625 247.20430.53% 1.7340.23° 251.234-43.86" 75.28427.22° 2.054-0.04"
R 932 Jingke932 251.77422.61"¢ 1.7740.43° 531.144100.54™° 64.59+9.61° 2.63+0.28"
i = 28 Quchen28 235.83484.71 2.3140.52"¢ 389.354-84.62" 95.43+13.87" 1.6440.73¢
% 513 Quchen513 265.554-14.56" 2.75+0.60" 644.774115.02" 68.13414.88° 2.894-0.15%
il J£ 9 Quchen9 275.82420.25" 2.3740.28" 699.69-+108.75° 110.23413.98® 3.4740.13
i1 = 39 Quchen39 279.91417.03" 2.0140.37%¢ 334.42+40.00% 119.644-18.66" 1.594-0.37¢
i = 49 Quchen49 265.09415.36% 2.2074-0.34"¢ 449.3047.21% 102.83410.61" 2.1240.50"
Pit 18 Xikang18 287.14427.62" 2.5040.21" 420.784164.08" 119.214+18.28" 2.03-0.86"
%} 197 Luodan197 281.12420.83% 2.2140.23"¢ 360.064=119.20 99.07434.28" 2.000.05"
KK 1416 Datian1416 276.84411.47" 2.1440.48"¢ 524.474102.26™ 108.19+14.19% 2.554-0.81"¢

W AN TRVNE R SRR AN R 75 I R OK R 22 5 3% (P<<0.05) . T[]

Note: Different lowercase letters indicate significant differences among silage maize varieties at P<<0. 05. The same as below
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11,70, VEHT 18T M LR mH A i 2 = T KK 14167 28’ (P<<0.05), il 625 i+ E %, 4 122. 80g. Al
CRKR 1416 MK e, M 73, 3 om, AT HiAh 84~ 7 F 367 HURL 9327 il R 6257 HR e AL, 4 N
M K Sl il R0 367 iR 6257 5RF 932 (AR 0.14,0.16,0.18, “ A E 36" ‘1 | 625" Bl 932"
ML, 25 BEP<0.05 B FH197° e il = 5137 0t AR T A 8N I F K A A (P<C0. 05) (58 3,
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Table 3 Leaf agronomic traits of eleven tested silage maize varieties
iR 44 B HE A U RN i i it ENE 3

Variety name Yellow leaf count per leaf ~ Green leaf count per leaf Leaflength/cm Leaf width/cm  Dry weight/g  Stay-green
F1E 36 Heyu36 3.242.21° 8.841.48" 41.4%10.3¢ 5.741.2¢ 213.54425.4"  0.1420.06°
il 625 Dekalb625 2.0041.16" 8.743.06" 44.846.1° 6.541.1% 122.8419.37" 0.1820.06"
5URF932 Jingke932 3.243.16° 7.1+43.04% 43.0+5.6 6.7+0.8% 201.2+17.1"  0.16+0.07%
i = 28 Quchen28 1.841.03" 10.3+2.16™ 56.6+£6.7° 6.841.2¢ 233.2423.1"  0.2540.06™
i J% 513 Quchen513 3.64-2.01° 7.242.25¢ 60.749.2" 8.6+1.8" 222.7428.3"  0.2740.14"
il J£ 9 Quchen9 1.9+1.92" 10.441.91% 56.0419¢ 8.441.6" 216.54-23.3*  0.3040.13"
i = 39 Quchen39 3.141.45" 7.741.34¢ 61.4411.7" 7.341.2" 213.4425.2" 0.2540.1""
Hi % 49 Quchen49 2.0+1.63" 8.3+1.49° 67.24-9.4" 7.841.7% 219.1456.1*  0.3240.11°
Vi 18 Xikangl8 0.8+0.92" 11.742.60" 60.349.2" 7.640.9"  209.248.1"  0.33£0.09"
%} 197 Luodan197 3.6£0.97" 8.441.17" 55.7+8.2° 8.74+1.0° 181.44-63.9" 0.2620.06™
KK 1416 Datian1416 2.941.73° 6.341.25¢ 73.3411.4" 8.341.1% 210.7427.3"  0.3440.14*

P19 K W Tl R 6257 i R 28
R 513 i R 945 M R 397 R PE 4T 187 (P<<
0.05), ‘#hJ& 513" F K i, o 22. 23 em, MR 957
B B 2 T 5UR 932 MR 287 Fn il R 5137, K

o R 932 MR BN AU 5. 37 em (TR 49 1
T8 %, 44,6, #thJ= 5137 F“ i & 39 BiAT B i
I, 20 512k 28.10,28. 30, “ i iz 513° F1“ il J 39" X WA
AR TR R 22, 416 26 DL B R E 367 A K
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BEE T HA 11 F I E RS FP<<0.05), BT
197 FERRKEM, H1.01 cm,  H/E 513" T ki &
HE SR 6257 il R 497 fPE BT 187 (P<<0. 05),

‘R 49T AR E A, N 17,01 g5 FTE 367 Al LR
932" L HE I F & T HoAb 9 4N I R K M R (P<
0.05), ‘FIE 36" M e, K 1007. 76 g(F£ 4),
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Table 4 Ear-specific agronomic traits of eleven tested silage maize varieties
kL e [RR X EESEASS SR ACE
S B Mk A B4 AL HARK i i
. Ear diameter/ Kernel number  Ear bald tip 100-Kernel .
Variety name Ear length/cm Ear rows . Ear weight/g
cm per row length/cm welght/g
HIE 36 Heyu36 31.314+4.54™  6.03+0.57" 36.80+5.75" 18.504+4.33"  6.47+3.50" 25.784+0.21"  1007.76424.74"
H K 625 Dekalb625  28.18£3.52)  5.8741.09" 37.40+8.00"  14.50-0.97° 4.39+£2.72" 19.2540.44"  411.98-68.26"
HORF932 Jingke932  30.9941.97  5.3740.31°  38.0043.86"  14.00%1.60° 3.0942.91"  26.834+2.15"  917.26+80.62"
MR 28 Quchen28  24.094+1.97%  5.6540.23" 43.80+4.24"  15.80+1.75° 2.23+41.54°  24.514+2.00"  410.86+220.65
M 513 Quchen513  22.2342.38°  5.574£0.25" 28.10£13.09° 28.004+12.12°  1.24£1.85%  28.574+3.14" 443.11+44.56"
it J& 9 Quchen9 28.81+2.86"  6.2740.75"  31.714+13.55" 23.43+12.78"  4.14+1.85™ 26.6-£3.76"  300.17+103.42"
MR 39 Quchen39  28.41+2.34° 5.840.36" 28.30+12.10° 26.10+12.33"  4.34+1.63" 23.33+£0.72"%  171.01+4.30°
MR 49 Quchend9  33.00424.89"  5.984-0.49" 44.604+2.99°  14.90+1.91° 2.70£0.63""  17.10£0.71° 247.00461.38™
P4 18 Xikang18 27.91+3.89  6.0040.51" 41.604+4.14*  16.60+1.51"  2.98+1.46"% 19.87+£8.02"  309.40+152.03"
%4197 Luodan197  34.944+11.20"  5.8540.27"™ 41.904+3.54"  18.40+8.36"  1.01+1.27° 24.184+3.64™  351.65426.66"
KK 1416 Datian1416  31.714+2.64™  6.03+£0.50" 42.60+4.22°  14.104+1.91° 2.05+1.16% 27.074+1.80"  414.28496.42"

2.4 AEBFBTEXRGMEFMAR

Zik K SR AR AR 1 i DL TE L 18 B
8. 11%, W F T L B 9327 M K 367 C il
625" Hi )= 28"  #hJR 397 (P<C0.05), 5 H: 4y §h fh 22
AR E MR 28 HAEN & o 4.78%,
e T A 10 4> 7 I B OK S AP (P<<0.05), R
367 HT AL 9327 ‘i R 5137 i JR 497 B L1977 ¢ K
K 14167 | 22 S A W %, iR 97 LG 7 & & me ikl
1.93% . “ #h J= 5137 4 Uk W 4 4 & KK
40.88% , i FAK T Hifh 10 4~ 7 F K & A (P<

0.05), “ KK 1416° 1 M £ 39 v P Bk ik 2F 4t 43 5l
Hy48.14%,49.15% , & 2 5 A8 3% . il g 513”7
TR VE Uk U 47 4k 5 1 Bl 17,4700, B B A T HoAth
104N T5 7 K 5 Bl (P<<0. 05) ,  PE B 187 A1 fh J&
9 TR ME UE W A 4 R R 4l o 25.59%,
25.48% Wi F 22 AT E M E 367 M K4 7 i
o 40320, W R T A 10 A4S T I K s A
(P<<0.05), ‘M9 93 * B 197 M K 7 &
WA 3.64%,3.51%,3.26%, = H EHF AR
FHOEED,

x5 #HEANANRABTLERRBHERKS
Table 5 Nutritional composition of eleven tested silage maize varieties
i o 44 HLZE F HLAE 1V rb I e A 2T 4 TR 1 Ok V% 21 4t KAy

Variety name Crude protein/ %  Ether extract/ % Neutral detergent fiber/ % Acid detergent fiber/ % Crude ash/ %

HE 36 Heyu36 7.5740.18" 3.1940.59" 53.93+1.10° 21.8040.32°% 4.3240.41°

ik 625 Dekalb625 7.4340.12" 2.7840.21" 57.89+1.14" 19.54+1.24' 2.8340.22°
5URR932 Jingke932 7.33+0.05" 3.38+0.62" 52.65+4.71¢ 20.401.61% 3.5140.18™

i 28 Quchen28 6.98+0.11¢ 4.784+0.34" 52.6840.45% 20.6241.32% 1.7740.03
i J% 513 Quchen513 7.96+0.09" 3.4840.63" 40.8840.99" 17.474+1.27¢ 3.224-0.44%
)= 9 Quchen9 8.0440.21" 1.9340.33¢ 59.8042.41° 25.4841.73 3.6440.23"
& 39 Quchen39 7.1840.21% 2.3340.56% 49.5141.46% 23.8240.29 3.184+0.12%¢
M= 49 Quchend9 7.88+0.18" 3.4040.43" 56.014£2.16™ 23.001.51™ 3.0940.05%
Vit 18 Xikang18 8.1140.08" 2.0340.46% 59.9542.95 25.5940.12° 3.1540.46%
% J} 197 Luodan197 7.5440.11° 3.26+0.72" 55.8543.15" 22.0040.95% 3.264+0.03"
KK 1416 Datian1416 7.3440.36" 3.4540.39" 48.14+3.05° 20.06+0.54¢ 2.9640.11%

2.5 AREFMEX KB EBMNE
R R 5137 A X ] B R oA 171, 52, 18 3
T HA 1043 I F Kk S A (P<<0. 05) , Hikoh © K

K 1416 A XF 4R M A Sk 142,17, B 3w T HAh 9
AT E KR (P<C0.05),  fI1E 36° ‘il |} 625°
‘MR 49 W H197 U E Z R RNEE, P 18T
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Fig. 3 Relative feed value of eleven tested silage maize varieties
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Fig.4 Correlation analysis between yield-related traits and nutritional quality
TE:PH, ¥R 5 SD, 284 s EHL B 57 s SLR, 250 o LL WK S LWL 5 5 SGL # 4k 4k S EL B SED, BUH S ER, BATH0 KNPR, AT RS ;
EBTL, B /MR K ;100-KW, HR.E;EW, B E (FGY B R & sHGY , T3 4 ;FW/DW ratio, T#f Lt ;CP, M H EE, MBI :NDF,
PEVEURET4E s ADF IR IE TR VR LT 4 s CA LKL S3 s REV A G WA (ED o X6 A1 2R 20 8 23 S 48 B D AH O 22 80, A b 38 53 DAy 48 b ] e 35 /K (+

FoR P<<0. 05,78 P<<0.01)

Note: PH, Plant height; SD, Stem diameter; EH, Ear height; SLR, Stem leaf ratio; LL, Leafl length; LW, Leal width; SG, Stay-green;
EL, Ear length; ED, Ear diameter; ER, Ear rows; KNPR, Kernel number per row; EBTL, Ear bald tip length; 100-KW, 100-Kernel weight;
EW, Ear weight; FGY, Fresh grass yield; HGY, Hay grass yield; FW/DW ratio, dry-matter to fresh-matter ratio; CP, Crude protein; EE,
Ether extract; NDF, Neutral detergent fiber; ADF, Acid detergent fiber; CA, Crude ash; RFV, Relative feed value. Coefficients below the

diagonal represent pairwise correlation coefficients (r), while values above the diagonal indicate significance levels (* P<C0. 05,** P<<0.01)
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Table 6 Weight coefficients and ranking of different indicators
PR RS G ES i3s3
Trait Equal-weight grey relational grade Weight coefficient Ranking
HMLZE A Crude protein/ % 0.7734 0.0687 1
HUIE WS Ether extract/ % 0.3312 0.0294 20
MR T 4k Neutral detergent fiber/ % 0.5632 0.0500 7
L Ve I £F 4k Acid detergent fiber/ % 0.5331 0.0474 9
K4y Crude ash/ % 0.5076 0.0451 10
AHXF i AN (B Relative feed value 0.5347 0.0475 8
R Plant height/cm 0.2881 0.0256 22
Z2M Stem diameter/cm 0.4663 0.0414 14
i 777 i Fresh grass yield/ (t-hm™?) 0.3474 0.0309 21
T w07 Hay grass yield/ (t-hm ™ ?) 0.3620 0.0322 19
Fif F Dry-matter to fresh-matter ratio weight/ % 0.3887 0.0345 18
250 L Stem leaf ratio 0.3586 0.0319 20
K Ear length/cm 0.5699 0.0506 6
M Ear diameter/cm 0.6545 0.0582 3
TATH Ear rows 0.6724 0.0597 2
17k $t Kernel number per row 0.5927 0.0527 5
R 100-Kernel weight/g 0.5024 0.0446 11
HTE Ear weight/g 0.4079 0.0362 16
ZEIEL Green leal count per leal 0.4788 0.0425 12
M4 Leaf Length/cm 0.4404 0.0391 15
9% Leaf width/cm 0.4726 0.0420 13
M Dry weight/g 0.6204 0.0551 4
Figg bk Stay-green 0.3891 0.0346 17

®T SHBLEXRSRMHMAKEKESHF

Table 7 Weighted grey relational grade and ranking of tested silage maize varieties

fib il 44 FR Variety name

HnALSE I Weighted grey relational grade

HE/¥ Ranking

171 36 Heyu 36
il 625 Dekalb 625
TLEF 932 Jingke 932

it J= 28 Quchen 28
il i€ 513 Quchen 513
/= 9 Quchen 9
)& 39 Quchen 39
ith = 49 Quchen 49
Pidi 18 Xikang 18
% F} 197 Luodan 197
KK 1416 Datian 1416

0.5382 3
0.5004 8
0.5002 9
0.5219 4
0.5668 1
0.5172 6
0.4940 11
0.4998 10
0.5062 7
0.5173 5
0.5482 2

5%, HAH 5 NDF, ADF & f i e ikt
FiREV 4 15 F 100, “ #h J= 513" e, 35 171, 5, Hk
FORKR 14167 R 142, 2, R4 i I 2= WA T 2= 78
JE O IR 5 s 1T 25 R T T PR B OK AE A R A
M B A NDF o] 32/ REVE? il J= 5137 1 4
PR, AT HE 27 i S A B iR SE KO G Bk [ Ak 4 it
N7 0, i 25 FF 75 48 5 0% 4k 22 B8 0] % R R K 4B A
Yy 5 3 S AT P M B K AR W 7 A AR RO, 2 T
W ik ADF H 60 o KL K 43 35 B AR N 3%~

5% i 625”7 il R 287 FIC KK 1416 KL K 43 s
B T8 B AR o (EX I AN LR E T80 8 SR (4 1w
AR, e Rk 0 3 R A (8 22 BB 3 TR B S 1Y o
[ B, %o LK 43 5 B0l LAY R OB R
S SR R0 10 ST LA 4RI 1 o R R
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