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Abstract: To explore the mechanism of increasing yield and benefit of millet-soybean intercropping in loess hilly and gully
region, in this study, 5 treatments including SG(millet), SD(soybean), 122(millet-soybean row ratio 2: 2), 124(2:4), and 142(4:
2) were set, the effects of different intercropping treatments on population photosynthetic characteristics, agronomic traits, and
yield benefit were comprehensively analyzed. The results showed that net photosynthetic rate, transpiration rate, and stomatal
conductance of millet in intercropping were generally higher than those in monoculture, and intercellular CO, concentration in
monoculture was higher than that in intercropping. The net photosynthetic rate, transpiration rate, and stomatal conductance of
intercropping 124 at filling stage were significantly higher than those in 122 and 142. Net photosynthetic rate, transpiration rate,
and stomatal conductance of soybean in monoculture were generally higher than those in intercropping. The average plant height,
stem diameter, and dry matter accumulation in the entire growth period of millet in intercropping were higher than those in
monoculture. The plant height at harvest stage of millet in 124 treatment were significantly higher than that in SG and 122
treatment at maturity, and the stem diameter was significantly higher than that in SG and 142 treatment, the dry matter
accumulation was significantly higher than that in SG. The average plant height of soybean in intercropping was higher than that
of monoculture, the stem diameter and dry matter accumulation in intercropping were lower than those in monoculture, and the
agromic traits in [24 treatment were better than those in 122 and 142. The yield of millet in intercropping was higher than that in
monoculture, and the yield in 124 was 45.17%, 13.14%, and 25.66% higher than that in SG, 122, and 142, respectively. The
yield of soybean in intercropping was slightly lower than that in monoculture, without significant difference. The total yield in
intercropping was higher than that in monoculture millet and monoculture soybean, with intercropping advantage, and the yield

in 124 was significantly higher than that in other treatments, with the best economic benefit.
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Fig.1 Analysis of photosynthetic characteristics of millet under different intercropping treatments
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Fig.2 Analysis of photosynthetic characteristics of soybean under different intercropping treatments
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Tab.1 Analysis of plant height and stem diameter of millet and soybean under different intercropping treatments cm

A Millet K& Soybean
A I b3 — —
Growth period Treatment P A i =

Plant height Stem diameter Plant height Stem diameter

ISk ] SG/SD 76.46+ 3.55¢ 8.12-£0.16a 29.02+1.65a 5.2240.51a
Jointing/Branching stage 122 80.80+2.51ab 8.15-£0.10a 30.31+2.14a 5.63+1.14a
124 79.04+2.18b 8.13-£0.20a 30.61+1.05a 4.99-£0.36a

142 81.25-£1.31a 8.25-£0.50a 29.82+1.63a 5.34+0.38a
Za R/ TF A6 SG/SD 116.2741.66a 8.65-20.10b 51.58+1.75a 8.68-£2.27ab
Booting/Flowering stage 122 117.25+1.13a 8.84-£1.2ab 53.21+1.11a 8.47-£2.02b
124 117.6142.42a 9.36+1.09a 53.93+2.41a 9.17+1.76a
142 116.71+1.42a 9.21+1.8ab 52.77+2.05a 8.62-£1.47ab

AU /25 32 1) SG/SD 160.59+3.98b 8.71+1.32b 69.93+4.46b 11.37+1.04a
Heading/Podding stage 122 160.8144.66b 9.12+1.26a 69.71+5.67b 11.1342.08b
124 167.1341.94a 9.21+0.86a 74.33+5.28a 11.27+1.58ab

142 161.6543.34b 9.04+ 1.2ab 74.63+2.25a 11.11+1.19b
W) /R ) SG/SD 161.0744.43¢ 9.05+0.61b 81.20+2.36b 12.43+4.97ab
Filling/Filling stage 122 167.9843.41b 9.19-+0.8ab 82.67-+2.44ab 12.41+1.25ab
124 169.6242.86a 9.28+1.11a 83.89+5.37a 13.63+0.51a

142 163.714+3.91b 9.35+1.21a 82.47+4.52ab 12.1341.04b

R SG/SD 162.2743.86 9.34+1.83b 102.83-0.86a 14.93+2.56a
Harvest stage 122 165.72+3.57b 9.99-+0.65ab 103.0742.82a 13.63+1.27ab

124 169.5640.64a 10.234+2.01a 101.97+3.11a 14.57+1.02a

142 169.27+1.42ab 9.371.98b 102.4741.97a 13.1740.76b

T AN TR RO A A AL B A 0.05 K B2 3. TR,

Note: Different lowercase letters indicated significant difference between different treatments at the level of 0.05. The same as below.
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i TR (R 2) . A 124 AT T
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WEER AT T R R S T SG 122 142 &b
FE(P<C0.05) ; BL A (] 4 W 25 i T 34 (P<<0.05),

7.39% F110.53% o KT 40 R AR AT A%
A 3] G W 3 2% 5, 445 3 R Ok IS A4 A =
FIE /R, 124 4b #E5 SD 4b ¥ [8) UG 1 25 22 5% 5 i
HAb B R E (P<T0.05) , 124 4b B4 122 Fil 142 4b
PO B4 0 25.07 % .38.41% (£ 3) .
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Tab.2 Analysis of dry matter accumulation of millet under different intercropping treatments g
dib 24 AT 2P R R T K 3] A
Treatment Jointing stage Booting stage Heading stage Filling stage Harvest stage
SG 3.31+£1.87a 7.68+£2.91a 22.48£0.59b 30.46£2.13b 70.29£2.91b
122 3.11£1.07b 8.24+3.23a 25.70£1.18ab 30.52£2.77b 75.25£1.03a
124 3.04+0.53b 8.59+2.56a 31.51£3.01a 33.05£2.52a 80.81£3.05a
142 3.42+1.96a 7.91+1.51a 24.96+2.48ab 30.05+£1.17b 73.11+2.95a
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Tab.3 Analysis of dry matter accumulation of soybean under different intercropping treatments g
fib B Sr R TEAEW 55321 ORI A
Treatment Branching stage Flowering stage Podding stage Filling stage Harvest stage
SD 2.91+0.46a 12.65+4.95a 33.83£5.57a 55.33£2.54a 121.934+5.47a
122 2.39+0.33a 11.184+6.06a 26.90+2.64ab 47.63+£5.72ab 76.46+3.07d
124 2.59+1.01a 11.93+1.48a 27.70£3.19ab 52.83+1.88ab 95.63+1.24b
142 2.50+£1.17a 10.78+3.17a 23.85+£1.48b 45.03+3.73b 69.09+1.65¢
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2.3.1  [AMEXHEY) - BN R w7
R (R o R T N TR O R AR T
HfE(FR4) . AT RO IEE B35 & T 5E(P<C0.05),
124 Kb BREL SG A 142 Ak B 5357 5 i 4.84 %6 .0.56 74 5
124 4b ¥ FE K & SG . 122 FI 142 4b BE 23 51 3% i
3.88%.1.06% .3.84% , H v [ 122 124 4k # 43 5] 5
SG . 142 4b ¥R A7 AF fb 25 22 5 (P<<0.05) ; 124 4b 33 72
T i3 SG 122 142 Zh 3433 58 16.81 %6 .5.76 %
6.57 % , 45 b B[] 22 3 4 25 (P<<T0.05) ; 124 b BEAERL

T B SG 122 142 A 343 53 3 fn 21.75% . 4.34 %
1.98% , Hor 5 SG Ab # A ££ 7 Bk 2 25 5 (P<<0.05) ;
T 5 e 45 A B ) G 2 S

RN L IERI ORI B AR IR ) A I
T HAE(P<<0.05) (£ 5), 124 4b B & I 505 122 Ml
142 4k 38 53 53 9.21%6 .7.89% , H 5 SD &b i 1]
£ 5 W 25  124 4 B AR TR KR 122 F 142 4b BE 43 51
B 20.74% . 4.29 % ;124 kb B A R A7 122 40
BRI 13.25%6 5 R Ik 45 A B A) G B 3 25 5
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Tab.4 Analysis on yield components of millet under different intercropping treatments

4k 3 TOHL/mm A/ em R /g TR Ttk / TRt /g
Treatment Spike thickness Spike length Spike weight Grain weight per spike 1000-grain weight

SG 18.7940.15b 21.11£0.14b 13.20£0.19¢ 11.45+0.57b 3.04£0.03a

122 20.1040.26a 21.70£0.14a 14.58£0.32a 13.36£0.62ab 3.0540.02a

124 19.70+0.20a 21.93£0.19a 15.42£0.32b 13.94£0.53a 3.060.03a

142 19.59+0.12a 21.1240.14b 14.47+0.21b 13.67£0.19a 3.05+£0.01a

F#5 N EEAIE T A R A E R AT 2.3.2 [IFEXTAEY) ™ ik S A M S R BT

Tab.5 Analysis on yield components of soybean
under different intercropping

REFRBFESTREATHETZL. NEK6

LA A A A B T A A B

bEE SR/ A KR/ KL BMRRLBURE /g ARLER /g N )
Treat Number of  Number of Grain weight 100-grain (P<<0.05) , 124 ik 2 iﬁ SG. 122,142 4 # 67\ %IJ S j]l]
ment pods grains per plant weight 46.59% . 14.18% . 26.35% x5 % (P<<0.05) .
S 99+5.97a +3.28a .6241.78a4 .3540.51a — N 2
SD  994+5.97a  204+3.28a  40.62+1.78a 20.35+0.51a S /N TS 124 A 30 85 T 122 1 142 4b
122 76+£3.42b 14246.28 30.49£0.99¢  21.3840.39 e N .
‘ ‘ ¢ WAL ERES . WL YR L (LER) KR 122,
124 83+3.40b  163+5.27b  34.534+1.02b 23.21+0.37 N 5
’ ’ © 124 M2AbFRAY LER BT 1, KB A O
142 82+3.66b  156+=6.71b  36.014+1.27b 22.03£0.53a .
124 b FE LER O 1,14, £/ F 122 Fl 142 4b 3
*6 AEEBEELETRE=ESH
Tab.6 Analysis of system yield under different intercropping treatments kg/hm”
b3 BT KRE a5 BTEATH KREEAG T4 LER
Treatment Millet yield Soybean yield Compound yield of foxtail millet Compound yield of soybean ’
SG 4 747.0£59.9¢ 4 747.0£59.9¢ 1.00a
SD 2314.44+59.7a 2314.44+59.7a 1.00a
122 6 094.24+21.1b 2143.34+89.9a 3047.14+65.2b 1071.5£15.2b 1.1140.03a
124 6 858.54-69.3a 2 283.84+87.8a 2319.54+74.2b 1522.5£15.2b 1.1440.06a
142 5507.14£73.2b 2143.04+96.1a 3671.5486.3b 714.34+15.2b 1.08£0.03a
2.3.3 /X HER 2 TF kiR B m REIR 22 P Ak i B VO AR R B R AL D AR BR . TR
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TRME R B R a5 = T AR AL B TR R 2E (R 7)),
124 b 335 SG . SD 122, 142 &b $ 4% 5 34 11 5.63% .

45.98% .1.34% .0.79% , 124 &b 3 28 3% 3 25 00 T H

R7 AEEELAE TEEZFHESN

Tab.7 Analysis of different intercropping treatments on economic benefit of population

oF e oY B WA/ (J6/hm?)  Cost \ o
S I - U L WAk, SR/
Treat- (JG/hm?) (JC/hm*) (JC/hm*) " ] Gi/hm?)  (55/hm?)

Millet output ~ Soybean out-  Total output Hhits AE K iy Ho B L& . .

ment value put value value Machine  Fertilizer ~ Seed Mulch  Harvest Total input Benelit
SG 22 216.0 22 215.9 1 200 3255 300 800 3 000 8 555 13 660.96
SD 18 515.2 18 515.2 1 200 3255 375 800 3 000 8 630 9 885.20
122 142 660.0 8572.0 22 832.0 1 200 3255 338 800 3 000 8593 14 239.46
124 10 855.3 12 180.2 23035.5 1200 3255 350 800 3 000 8 605 14 430.50
142 17 182.8 5714.6 22 897.4 1 200 3255 325 800 3 000 8 580 14 317.40

TE A% T FUR S35 45 BETTT 4 4.68 .8 70 /kg 1147

Note: Millet and soybeans were calculated at market prices of 4.68, 8 yuan/kg, respectively.

3 #Ziw5itit

[ VRS2 2 Fh ol 2 b LA 2R & 2770 A i 4
L7/ R i I = = I ol 1 A S e i e o L
Vi) A A ) =2, 30 R v B BHAR ) R Y 5 A
Yot A7 AEFRAE . 5 BRAEAR L AR N TR A R
T AR B BE A D E A 54 AR S R 82 2
FI R 23 (0], 4 e b ke 2% 8, 78 20 R AR 90 1 s AR A7
o T AAO BRI i A AR S A RO IR R R
PEVED G A VB B ™, T8k = EPIF 5T h
FEAR T AL AR A5 AR AL BE R 4 F ot &
HOR R R RALS A AR E RS,
[ COL Y A BT F K, 5 Al 50 0 58 45 R B A —
oo T ORE A SRR 5T & B, A oK R K TR) AR B 5
o TR R S ot & R AL T R AR
ik AWFIR LW, 451 KRG RAE T 2 F A HHE b )
YEME T B4 T 4% F Sl A0 124 40 38 Gs &8 35K T
122 F 142 b3, K G BA AT W6 #% KAL
T JBE RN 25 W TR 1) S S RO T A L (H R S
WK & Gs I 124 4h AR F SD F 122 4h B, 33X 7] 58
JE X — B A R ORI EL AR Y XOE
AE 14 52 A IOICR J5 G RE 1Y B AN AE A0 R AT
VLORBEAVE Y A & J5 AR R B A6 & M e, A R0E
AE WIS AR R B B K BYC A AR E I EW R B 5
PR ZE R BGRB8 ROk R T B S
JET

A 2R AR = ZERUR T 42 5 AT DA B S A
PRI K & F RO, A B RER SS Aa F TR
MEREREF MOCESFPR LM, £RK
EAE T B OK AR R LT R A T RS .

B AR SEIRIE ST A S, AN TR DG R R R S
R A R EVEZE S . APTEA T RERET i
19 1) 4 A A 7 A B v AL BRI A B L R
L R R T N 2 AR A, R L Y 5K A e AT
i B4 7 Sl B I0 A OR T2 45 5 ), 124 Ab B A 1
B 2 e T A B SO AR S T R
IR SRR e R (B NI iR SN (LR
N T B 4 L B 124 Ab B A4S F K 5 B e SO
Y RS H
Foft LA 5025 5 RS A 1 R OR ™ A R Y
AR AT, A A R R OB T AR R, 2
VA 1) P A58 22 5 AT ol RO 5 A A0 1R R0
E 5 = FPRF R, A T AL A R, 45 T R
B R 3R R v TR R AR SF A T
S A /R B AR R R B T AR R T AR T
BOREAR T AEERORE R A T S AR A A
Tralasfe A T 5 RELME T B2 T a8 .
AT A B, (A4 A 3R 45 1R R BRI
FEORL TR | TR A BN 5 R TR R
BRI R ORE 5T 8] F Ak B4 A A ) R AR ) A
Ab B 32 HE A R T 1, e 124 A B R AR
SV A A e B A AR X R T 2T A
T 44T R ELE] A A BEAY T RE 8 BT 4 B WO ROk
HE %P5, o A 5 Wi DR 2 4 e XU D', i =2 R 2 Y
el S A 2E T 4% ™ B B34 ] 45 1 ARCR A 1
7 B TR I R TR T R T R B A A i
1, DT 38 o A 28 5 A i
gi b HERAEMIL, A T RE MRS LA 217
A 4 AT R ELIE, AN S e A0 S b A o 2 Al R 1
ASHNRZ 0 /D R HCE B e A T LG A ]
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