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Effect on forage yield and silage quality of silage maize and amaranth
intercropping in subtropical districts

DUAN Jiaxin"’, ZANG Qingji’, XUE Shiming"?, FANG Yunxia”*, CAI Ming’, LIU Yanpei’, HOU Jieqiong’,
HUANG Meifen’, ZHONG Shaoli’, ZHANG Meiyan"’
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Abstract: This study aimed to explore the optimal ratio of intercropping between silage maize and amaranth in the midlands

of Yunnan and its effect on forage agronomic traits, yield, and silage quality. We designed three intercropping models for
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silage maize (Zea mays) and amaranth (Amaranthus hypochondriacus): T; (3 x 1), T, (3 x 2), and T3 (4 x 2). The silage
maize monoculture was CK;, while the amaranth monoculture was CK,. We determined agronomic traits, such as plant
height, stem diameter, forage yield, and silage quality. The results showed that the different intercropping models
significantly affected the plant height of maize silage and stem thickness of amaranth (P < 0.05). Compared with silage maize
monoculture (CK;) , the fresh grass yield under the T, and T; treatments increased by 6.84% and 11.33%, respectively, but
the difference between the two treatments was not significant (P > 0.05). In all treatments, the total hay yield of the maize
silage monoculture (CK,) treatment was the highest at 24.57 t-ha ', which was significantly higher than that of the T,
treatment (P < 0.05). Regarding the quality of mixed storage, the T; treatment had the highest dry matter content,
significantly higher than that for other intercropping treatments (P < 0.01). For the mixed storage quality, the dry matter
content of the T treatment was the highest and was significantly higher than that for other intercropping treatments (P <
0.01). The crude protein content and acetic acid contents of the T, treatment were the highest, with values of 12.1% and
4.83%, respectively, significantly higher than that for other intercropping treatments and amaranth monoculture treatment
(P < 0.05). Comprehensive analysis showed that the 3 x 2 intercropping of silage maize and amaranth in the midlands of

Yunnan was an optimal intercropping model that could increase the yield of forage per unit area and improve the nutrient

traits of the two crops.

Keywords: subtropical districts; intercropping; agronomic traits; forage yield; mixed silage; herbivore animal husbandry

Corresponding author: ZHANG Meiyan E-mail: zhangmeiyan1220@163.com
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Table 1 Agronomic traits of amaranth under different intercropping treatments

Ak FR PR Xl EX Y 118 H A EX e
Treatment Plant height/cm Stem diameter/cm Stem sugar content/% Effective branch number Stem to leaf ratio
T, 219.70 £ 2.22a 1.67 £ 0.04b 2.87+0.41a 35.00+ 1.73a 2.39 +0.36a
T, 220.73 £0.93a 2.21+0.02a 3.13+0.30a 41.00+ 1.15a 2.42 +0.22a
T; 233.90 £ 8.77a 2.53 +0.08a 3.90+0.78a 4233 +£3.48a 2.38+0.41a
CK, 229.93 +8.42a 2.25+0.28a 3.47+0.29a 42.67+2.33a 2.77+0.42a

T,. TAIT A B4 IR W K SHFRLI LT L3 < 11 3220 4 207 AT P AR CKONE IR R CROFFRIE AR FE .,

[RIFNAS [R]/ING B 2 7 R #ER) 22 57t 2 3 (P < 0.05).

T;, T,, and T; treatments were planted and mixed with silage maize and amaranth in a row ratio of 3 : 1, 3 : 2, 4 : 2, respectively. CK, is a silage maize

monoculture, and CK, is an amaranth monoculture; This is also applicable for the following figures and tables as well. Different lowercase letters with in the

same column indicate significant differences between different treatments at the 0.05 level.

2 TREMELETERERMRZMRK

Table 2 Agronomic characters of silage maize under different intercropping treatments

b3 PR X M5
Treatment Plant height/cm Stem diameter/cm Number of leaves
T, 250.07 = 0.87ab 3.47+0.03a 13.33+£0.33a
T, 244.80 £ 4.64b 3.63+0.19a 13.00+£0.01a
Ts 253.57 +£8.81ab 3.50+0.17a 13.33+£0.33a
CK, 263.47 £+ 1.34a 3.10+0.21a 13.67 = 0.33a

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

% 6 1 Bt

S5 M AT X T KR AFORF R DI 1] 415 X 4] 55 7 B A ot Jo F) 52 1475

At ) 4 Kb 31 22 BN B3 (P> 0.05); AN [ 8] /5 M e 77
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E—EMZER G 3). Hd, CK HERERE> &

AT 577 B v, 4 9909 106.40 T 24.57 thm °, #%

BEE T HALAIE (P<0.01), Hd T, fil T, &b ¥ 2

BE T H AR (P <0.01).

AN [ Ak ) SR R R B A AR — E I ZE R (1),
Horf, CK, 4k FE g 6 0% B frw, 9 133.00 thm 2,
Wi % & T T, f1 CK, 4 ¥ (P < 0.01); 5 CK,
Eb, 2K 5P R D0 (A VE T, A Ty AL FE R A B e 25 7
TR 6.84% 1 11.33%, H =3 ) S e 5 i
ZRAEZEP>005. T, 0HFHRTE>EER
FAKT CK, (P <0.05)0 Z¢Ar B AL TH A e i 50 F e

FEARZE (P>0.05). CK, &b P AT R0 0 e 5= 5 Al
TR B A R B, 4 WA 133.004 2221 thm s A%

it g, KSR EEATSE N 3:2 1 4:2 2
BN IE B A AE 7

R3 TEEELETECERMIFRENRAE~S

Table 3 Fresh weight and dry weight of silage maize and grain amaranth intercropping

thm
hpm K Silage maize FFRI W Grain amaranth
Treatment M 2 7 FEE M 2 7 TR
Fresh weight Dry weight Fresh weight Dry weight
T, 68.80 £4.18Bb 15.97 £ 0.97Bb 31.95+1.55Cc 5.02 £0.24Cc
T, 67.36 £ 1.89Bb 15.31 £0.43BCb 46.32 £0.67BCc 7.27 £ 0.1BCbc
T; 52.22 + 0.98Cc 12.70 £ 0.24Cc 66.24 + 2.47Bb 9.54 £ 0.36Bb
CK, 106.40 = 2.23Aa 2457 £0.51Aa - -
CK, - - 133.00 = 10.08Aa 2221 £1.68Aa

FRAAMY, KRNI, BRT A0, HARAHIR AR A IR . A FKRE R R A B A 22 7 R 8 2 (P < 0.01), AR/
RN £ F B E P < 0.05). T,

Silage maize is in the milk-ripening stage, and grain amaranth is in the fruiting stage. Except for the T, treatment, in the other treatments, amaranth grains
emerged and part of the seeds fell off the ground. Different capital letters indicate significant difference at the 0.01 level, different lowercase letters indicate
significant differences at the 0.05 level. This is applicable for the following figures and tables as well.

REESE L RTEEE AbFE LER $3/NT 1o LG AT IR BRI AT g a2« 1) A5
L G TR OR339 79 S5 AT 2 S8 Bk BE B A, 454 00
Tl T Ab fo = VR 80 000 Hhs 2) RIS Hk A {4, JEok
- o A S B1E 85% Ll E, Fﬁﬁ&iiﬁﬁ:, CK, Ak FpL A3y [ X fif 2
fﬁ“ oo | e Bbe iﬁ“ e B, A 133.00 thm °, CK b B Bp 47 [ A7 22
:ai 0 Ez PR 1, )9 24.57 thm 2, 0 7E 1] fF 4k B2, LER
S st 1s 3 W /INT 1R 1, S5 2% 2O TR0 B L R
2 |, 7 EHCUIEHELER, T, AEEFTA RS R B AR
T T 1 o 23 [AMES R B I KRR B I R R
AbFE Teatment 2 ﬂl‘rﬂ
1 FREEEL BT A E = 8 i &0 231 FHIE IR

Figure 1 Effects on total weight of different
intercropping treatments

AR ) AR AL BE R oK 5 AR VR & F I E 5%
MR —EE T (R4 MK 2. | 3). BRI %=

3 Fft ) {E 4b 3 b, T, A1 T, 78 LER bR 3 B 47,
435124 0.950 1 0.947, T, ] LER A 0.876, At 5 [f]{E

FEARE (P>0.05 24, KRBT LEZE
S (P<0.05). Hd, T; B TY & 2N 24.31%,
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Table 4 Effects on nutrient quality of silage under different intercropping treatments

%

Ab ¥ VNS iV iy FELIG 5 5 03
Treatment Lignin Ash Ether extract Ca P
T, 0.87+0.11Cc 6.70 + 0.04De 1.75 +£0.22a 0.62 +0.02Cc 0.18 + 0.00Dd
T, 1.85+0.14Bb 9.02 + 0.02Bb 2.26+0.29a 0.72 £ 0.02BCc 0.19 +0.00Cc
Ts 0.98 £ 0.03Cc 7.84+0.01Cc 2.18+0.26a 0.71 £ 0.02BCc 0.20 + 0.00Bb
CK, 2.21+0.12Bb 7.70 £ 0.02Cd 2.24+0.13a 0.87+0.03Bb 0.19 +0.00Cc
CK, 5.01+£0.21Aa 12.34 £ 0.06Aa 2.42+0.26a 1.61 £ 0.08Aa 0.24 +0.00Aa

FERIVELE SJE 0 R I vE AE 1 .
In the late stage of seedpod growth, some of the seeds fell off the ground.
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Figure 2 Effect on crude (CP) and dry matter (DM) conent of
mixture silage under different intercropping treatments
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Figure 3 Effect on acid detergent fiber (ADF), neutral
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() () H 1t R R A 4E 22 e A B2 (P> 0.05); Ty T, A
Ty &b B R) R 1 e % £F 4 2 5 R B 3% (P> 0.05);
CKy b F R BT 3 & & fe iy, N 5.01%, R
T H Al 4bHE (P < 0.01); CK, Ab B (1) £F 4 7 & 5
&, N 26.38%, tREE T T, &b E (P <0.01), (HE
HoAth A 2 B AT 2 (P> 0.05); CK, 40 P KR K 5
TR E, N 12.34%, IR m T HARLE (P<0.01);
CK, 4bFE[P) Ca F1 P & & f i, 73008 1.16% F1 0.24%,
W % 3 v T H A AL B (P < 0.01).
232 HIC KRB

AN [ (] b 3 75 T oK 5 FF R DV I (1) pH
MR & BEEAE - CMER (R S5). Hd, CK, &b
P pH & 2% 5 T HoAth AL BE (P < 0.05), 3¢ WK RL i H
TERI R FEAS 5 IR AR, IR 5 R Ty Tyn Ty 40
HTRHARS =2 0N 2.90%. 4.83%. 4.35%,
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BE@P>005, T, M T, B RS EEEKT
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BT R R R, AEEZMAR. BT CK, 1
N2 & 85 0.08%, HARLAGE Y Kt BN . T A
WE AR H TR, CK, HEASEAS Ricm, )
BEETHAMLIE (P<0.05). CK, NEASASER
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Table 5 Effects on pH and organic contents of mixed silage under different intercropping treatment
Ab R LR a7y (] T HAER
Treatment pH Lactic acid/% Acetate acid/% Propionate acid/% Butyrate acid/% N-NH3/(mg'g71)
T, 3.68 +£0.03b 2.90 +0.07¢ 0.42 £ 0.04b - - 0.273 = 0.009Bb
T, 3.75+0.02b 4.83+0.21a 0.16 £ 0.02d - - 0.185+0.003Ccd
T 3.69+0.03b 4.35+0.06ab 0.25 +0.03¢c - - 0.204 +£0.010Cc
CK, 3.75+0.04b 3.96+0.27b 0.36+0.01b - - 0.170+0.011Cd
CK, 4.39+0.04a 2.27+£0.19d 0.50 +£0.02a 0.08 - 0.448 £ 0.015Aa
—FRAAH o

— indicated no detection.

ZE AR FE (P> 0.05). 2 R R 0 50 5 B A
5 oK G B R AR VR T 3 s LT R R
Hr AT H b N 3 - 2 B I i B .
3 Wit
3.1 [EMEX B ERAFFR R 200

[ o AR AE P RN AR B AR 2R ) s ad o R
FIf, #3652 25 7 7 B SF IR M X R FE 500
m, FFPIR 161 CREBMITRNEREREE
(Dolichos lablab) [AIVEHF 78 K B, BE % i B2 5 # & 1)
BN, ERMIME S 220 2 A R AR B B OK
SO R E TN 1 (N TV e s i AR 7 N ]
fE (T HEE 3: 2004 :2), Hobkws . A R BOBUE 4R
B A 22 %2 3 B OK B 520 o 1X AT RE 5 B AT X SR ok
P, R R g R s FE R IE X 4K 2 038 m) AN A
oo 3 A O 5 L T v B T PG AR B R AT R K
FURF L B0 AS [7] [8] V5 A5 PR AL, R 3 R K RORFRL WA (1)
FEEAHE T AR, B BB ARG E T
R 518, BT H I LK FAE, H LKA
Hor i 8] 4 T Sk 25 4 R B T AR ) B R P i, (HL TR AR
(1) i 5 77 B AR T KR D B P R, X R RE SR T
fif WA OK B A E A K. K KHK T (Glycine max) [6]
15 e 7E — 52 FEBE b 3 i B i BB i (e
2 g 242 O A VAT G 58 9 R X R I K T A ik 3
(Brassica napus)~ i 5 Bi 5. (Vicia sativa) 55 2% JE 0] LA
HEVH 95Tt BUIE 25% 7 R 1 Tk 77 B R, B AR
R A N B ENRE. HIET I, EK5
4K 2 UG RHE R A, 0T B 1) 2R R I
1E [A) B 38G 7= 24 8L, ASHIE 78 vh 3 I oK 5 0 RHE W FF
o B 8] AE & 30 1) A F T P 3 = B — 8 AR

e, Ji )P LR KA (Oryza sativa) RS 6] 5 F i 3%
IR ORI S P < T =5 3 S A A R AT
PR, HRX LEREG S S ENAENR S E
B . Syl S i R B (Nicotiana
tabacum) 18] VE & H AR 56 A B, — 3 [A4F 5 T DAIR &
AR B A R g R . Y
FFRL U0 A E 78 (Medicago sativa) 55 57 Al 5 £ K #E 4T
(8] 1, e B oK MV £ T 4 AT 88 3% 5 v ROKR X Cd,
As [T AT BAUE . 0 BT g KR L T S
FOKEMEX T E KB4 (Cd) & &G B8 04061
F o AEHFRL W (] VR B 70 H, gl i 7 BT, R K
FE AT 5 i BT A S 55 I K 5 R LU A 1 )
PEATHEE Oy 2 - 2 B 4 - 4, $E 70 9 45 000~75 000
Phohm . AFRESEESBENEASBSSEE
FE, 13T FBORFURERL B LA 3 2 2 BT A AT B b Fb
fE, 5 7035 By 80 000 #k -hm *, T 5 25 4 v o 47 T
BAEEAHEA &2 R a2 &~ E
W, AEKER S, ASEFE R, TR KZ W
SR ) EHEAE YD, E R I, N R, W
AT TRFRYOR I M B K, ¥ TR
G SR E N o AHIE T AR A AR A T T
FRAEAT B IX — R 3R, 4 Ja W AH DG TA) AR A 58 ) AAAS
[ ot AL 2 52 5 A R AT 25 RS, DU AL o SR AR )
R 2, 2 vy SRS i AR B AR ) B T
32 BIEAXMBENERMIFRESTIEFH
R

pH & VPO 1) B35 I 15 B D I SR R As 2 —
R B 4 ] 0l P 2= 1 75 0 RL B R PE 2 An 1, pH TR
3.4~38 N F WKL . AH T H, KR I 1
pH N 439, AER ST ERE S T HAMAAR, FI&M
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41 %

Ji— s B AR VR AR HE L R COK B i) pH AE 3.4~
38, RAFW MR E. ME &SR IIKRE,
B EDREAS 2 R AR S 5T AN R ) 29 R
F T AR (0 R R A i ek AR Bt T
A, RA RS B s Y, A B A
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TH W B RFUR R VR S T BT IR . T
2 W% 1 3% (Brassica pekinensis) 5 & K 5 AT 4%
19:29. 21 : 27, 23 : 25 S5 A AR & EL B BEAT IR IE” 90
d, &5 KR, MG A% L] 38 n, pH BEAK 2 2,
FURR S E N, R 27 : 21 VR A e, AR
U, A BEE I R OK L B3 0, pH A1 4
W T W, (R LR D W . 7 Y e g e
ERKF AN 4FFEE (Fagopyrum dibotrys) #EAT IR & &
W, g B O I 4 77 2 0N AT 7 ik pHL L 2 T
=, Cay P2 3 PRAK, AW 5E45 HAHRL 4518 . ot
A = (Sorghum bicolor) 5 4=tk £ K% AN [F
EE AR & B8 7 I ot ) i A L, R R oK
IR 37 (0 LR I ORI AT g
& (Sophora alopecuroides) 1 T K5 48 ik A [7] 7R
A ) I, 75T A 6] R B0U5 5 HE 7R AL
SrEAT I E, KIRA F L, 2 8 B LR A B,
T 1A AT B K T R S T, T 45 d A
b FIEE B ORRRAE — AR E K. £k BT iR,

£ £ Y Ek References:
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