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The Regulation Effect of 6-BA and DA-6 Compound Spraying on Soybean Yield
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Abstract: In order to explore the regulatory effects and laws of spraying compound chemical control agents on soybean yield at
different planting densities, Heihe 43 and Heihe 52 were selected as experimental varieties in Heshan farm, Heilongjiang
province in 2022 and 2023. Under low, medium, and high density conditions, a compound spraying treatment of 6-BA and
DA-6 was set up (the final concentrations of 6-BA and DA-6 were 2 and 60 mg + L., respectively) , with tap water as the
control. The corresponding number of seedlings preserved in Heihe 43 was 3.20 x 10>, 4.00 x 10° and 4. 80 x 10° plants+ha™",
respectively, and the corresponding number of seedlings preserved in Heihe 52 was 2. 88 x 10°, 3.60 x 10° and 4. 32 x 10°
plants-ha™", respectively. The effect of compound spraying treatment on soybean yield under different densities was studied
by comparing residential areas. The results showed that compared with the control, the compound spraying treatment increased
the plant height, stem diameter, and number of nodes per unit area of the two tested soybean varieties, and improved and
helped maintain a high level of leaf area index. The photosynthetic gas exchange parameters of the two tested varieties were
changed to varying degrees, with a significant increase in net photosynthetic rate and stomatal conductance. At the same time
as increasing plant height, stem thickness was also increased, which had a certain promoting effect on the lodging resistance
coefficient of the two tested soybean varieties, increased the number of pods and seeds per unit area during the harvest period,
and to some extent, increased the weight of 100-seed. Ultimately, the yield of Heihe 43 and Heihe 52 under low, medium,
and high-density conditions increased by 10.05% , 16.57% , 8. 80% , and 10.00% , 14.94% , 5.57% , respectively, on
average over the past two years. Through comprehensive analysis, it is believed that the combination of 6-BA and DA-6 at
different densities can alter the morphological characteristics of soybean individuals and populations to varying degrees,

especially increasing the number of nodes and stem thickness per unit area, and improving the growth rate of aboveground
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parts from R1 to RS stage. This promotes an increase in the
weight of 100-seed to a certain extent, ultimately leading to

number of pods and seeds per unit area, while also increasing the

an increase in yield. The research results can provide theoretical

basis and reference for improving soybean yield through chemical control technology in practical production.

Keywords : soybeans; compound chemical control agent; 6-BA; DA-6; planting density; yield
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Fig. 1 Average rainfall and temperature in the experimental sites during the 2022 and 2023 experimental periods



88 K B B 3 4

B 3 o B AT O B oK, 2022 4E 0 ~
25 cm #2131 pH6.28 , K 1.32 g-em ™, AR
29.15 g- kg ", Bl fif & 140. 58 mg - kg ™", B &% B
26.54 mg- kg™, HALAN 175. 00 mg - kg™ ;2023 4
0~25 cm #FZ T4 pH6.31, A HF 1.28 g-em ™, 4
HLUT 31.26 g-kg ™', BfA A 143. 62 mg-kg ™", SEALHE
28.96 mg-kg ', AT 182.00 mg-kg ',
1.2 ##

PR T 5 43 301 A i 5 A K TG A ST 43
(ic 2k P1) RT3 K 52 S Rl 2B 9T 52 (320 P2)

6-BA (41 99% ) Fl DA-6 ( 4li i 98% ) ¥ H
LA SY/NEI
1.3 Rt

AT 43 FISEYAT 52 fIG(M1) (Hr(M2) R (M3) 25
SO I AR 1 R B4 9 R 32 U7 40 T .48 Ji bk -hm 2
F128.8 J1.36 J1.43.2 Ji#k - hm ™, 43 5 75 4] 1€ 18]
Fgk 32 497 ] W8 i 6-BA 5 DA-6 Ay &2 Bl IR & 2
FICT) AREFTI B, & AL 435 R 2 Fl
60 mg- L' AR B Ad:, BT AASHF 95 R UL e . A
W5 it 465 H [ SR K TR (CK) o i BT 43 it %
rn Rl BT 52 SR AT 2 A

R FH 22 b F2 B AR S RS AR I
ZEFE 110 em, 22 | 3 47, /DXATK 8 m,8 171X,3 Ik
R AR 4% 150 kg(N=18% ,P,0,=
46% ) JRZE 60 kg(N=46% ) BifRHH 50 kg(K,0=
50% ) , R ERIR A= rE

539 F R1 RS Fl R6 HWHHUKE , il 2 B AR B 2 il
TR K BA TG AR, T T RS I 2t 7= 2t 4 Wi R 3%
Fp=ig, XFREA A, BE R ICRE 53 HE 3 /X
e A S A R Y 20 em K BEE )
FakR, I 3 NHURE ST AR TR & 5 e B 10 Rk
(1) 8 ARIEATAH TG I £
1.4 MEBMBEA*
1.4.1 H&HHEFE KROMWERHABLRWE, AF0t
IR 28 2 2R T 114 B 5 B Sk ke v 5 SR A = RO
552 R B AR, IE AL (FIHRIE MR O
) RN TACE 7 Xl sk E 258, A
I R A LI-300C (32 [ Li-COR AWl 15 5 i ]
RS 22 17 Je AR £ A Oy g H R T B
B, BARTEA Ay b AR FE E(LAL) = Hufy +
Hit b A B T AR BT - T AR
1.4.2 THHREARER KRG LS
SR AR 2R IR G R R
WL 7E 105 °C A4 30 min Ja 4R 427 80 CHET ZH
R RSE AR T8, 5 5 T R R R
THETY R R G R AN . TY R R =
(RS TR - R YRR ) /K KA
1.4.3 #BMKFZEH T RE R6 B, R ZEF

FEAL(YYD-1 B W46 = AR I A R A A
WE R RS 3 WA 6 WS f, B4/
X BEHLE AT R PR AR 6 Bk, 33 AN EE,
FEIE KRS 3 1A 6 1B T MU P, PSP R R
BIA13.5 om, 2818 T T ZEFFT 0D, R4 R 4T
H1o BRGZEFF RIS R AL F O 7R ZEFF
WZEFFE S5 1/2 MgH, S %454 1y )y ik

HEHUBIRRE(Q) 0 = e Reb P 5 FFHES

Yo, L g S sl BE  H bk s , M bk i g
SREE SN B9, 8,
1.4.4 (AR BAK TREERWIW(RS)
SR HI LI-COR 2 w) A= 7= B 48 48 200 A 8 F I 5 4%
(Li-6400, USA) & M F ol & s R (P,) <AL
SEE(G,) ZERBEE(T) FMME CO,HkE(C,) .,
1.4.5 FEMRBEER =% WRBTESE NN
Wk 1 m® K, BERCEA AR P 8 kR E ) a3
B ISR AR, ST 1 m RIS PR
1.5 EES

K H Excel 2021 #4750 45 58 A FELBEE, R 18
TR S T RIE

2 ZER5HH

2.1 6-BA 5 DA-6 EERFEHENARFETAER
L EZ b=

IR 1 AR, BEFA 5 BE B 3G, A = R B TR
U ROR W o SRR WA, 5 CK ML, &
i Wi b B S 2 B R T 2022 A SRR 43 AT 52
KOG AR R AR R BT AT 43 PR R
BE3 M 18. 16% (14. 46% #1 10. 03% , PAT 52 $2
R EE A R 12.54% 12.51% F1 6. 97% ; 52 T w5
Jite b PG R T 2022 A B[ 43 1B 52 KK
rn PP OGRS AT 43 SRR R e R )
A 17.35% 25.24% F1 13.34% , BA7] 52 $E T+
JE43 M 15.00% (17. 53% i1 10. 42% , 2 B Wi Jiti
A3 AR T 2022 AR AT 43 FIRRI 52 KR
ol g A TR R B, AR L B PR 43 Y
Aoz TR RR 7 5504 v M BE 43 51 Sk 14 89% 16. 95% Fil
16. 67% , 74371 52 $& 1= MR FE 43 3R 17. 23% 10. 06%
F112.42% , 2023 AEPAER S AP _EaR e hR 3R
AR AR

A2 T it Ak AN ) A B b 4R R T AR G
K E SRR RS Ik T AR S 4, {2 2022 45K %
JEE T ST 43 A2 P i Ak I AR B0 3 e T
2023 AF BT AT % BE R PR i A2 T s it Ak 2R et T
FRHR 3 355 T % I POAE P e A7 AL B R6 T
S HI%E RS A T PR, BLREAKIR T 5 RS i
HAAATE]




3

M FEAE6-BA 5 DA-6 & Be W N [ 45 B TR RS B TR E U

89

F* 1 6-BA 5 DA-6 SR A EZE T AERSRHFLENRMN
Table 1 Effects of 6-BA and DA-6 combined spraying on morphological characteristics of soybean under different densities
2 b5 BTG %ﬁ b P TR LA
Year Treatment Plant height/cm Stem Nodes number of unit area/
diameter/mm (1.0 x10* node+-hm~2) RS Ro6

2022 PIMIT 89.08 +5.73 a 9.13+£0.57 a 520.88 +31.17 a 4.17 £0.27 a 3.82+0.37 a
PIM1CK 75.39+£2.78 b 7.78 £1.09 b 453.38 +71.51 b 3.58+0.32 b 3.13+0.40 b
P1IM2T 94.29 £3.39 a 9.13+1.11 a 613.13 £66.67 a 4.84 +£0.40 a 4.29 £0.43 a
P1M2CK 82.38+5.55b 7.29£0.85b 524.25 +37.83 b 4.46 £0.36 a 3.81+£0.57 a
PIM3T 92.49 £3.96 a 7.56£1.10 a 617.38 £56.82 a 5.29£0.55 a 4.82+0.49 a
P1IM3CK 84.06 £4.59 b 6.67 £0.74 b 529.13 +75.82 b 4.76 £0.58 a 4.10+0.50 b
P2MIT 100.42 +7.80 a 8.51+1.07 a 502.38 +33.66 a 4.35+0.33 a 3.19+0.28 a
P2M1CK 89.23 £5.26 b 7.40 £0.70 b 454.13 £31.4 b 4.07 £0.34 a 3.12+0.30 a
P2M2T 105.17 £6.73 a 8.30+1.18 a 567.38 +36.68 a 4.45 +0.36 a 4.09 £0.44 a
P2M2CK 93.48 +6.11 b 7.08 £0.73 b 506.50 +67.79 b 4.36 £0.39 a 3.36 £0.25 b
P2M3T 104.94 +6.35 a 6.78 £1.06 a 571.25 +39.03 a 5.33+0.36 a 4.26+0.30 a
P2M3CK 98.10 £5.47 b 6.14+0.96 b 508.13 +27.3 b 5.29£0.40 a 4.00£0.30 a

2023 PIMIT 86.09 +8.61 a 8.53+0.70 a 472.38 £39.35 a 4.05+0.27 a 3.69 £0.50 a
P1M1CK 73.62 £4.58 b 8.03+0.79 b 427.88 £71.51 a 3.60 £0.47 b 3.08+0.59 b
PIM2T 91.17 £10.66 a 8.59+0.75 a 569.50 £63.93 a 4.66 +£0.45 a 4.20+£0.49 a
PIM2CK 79.46 £9.25 b 7.41 £0.45 b 490.88 +£30.71 b 4.17+0.39 b 3.58+0.59 b
PIM3T 91.19£10.15 a 6.96 £0.79 a 579.13 £54.57 a 5.14+0.31 a 4.50+£0.50 a
P1M3CK 83.14£5.53 a 6.99 £0.61 a 494.50 £27.13 b 4.65+0.30 b 4.18+0.44 a
P2MIT 98.57 £6.65 a 7.91+£0.79 a 435.75 £32.50 a 3.67 +0.27 a 3.35+0.37 a
P2M1CK 88.23 +7.60 b 7.21+£0.72 b 389.00 £48.13 b 3.08+0.32 b 2.66 £0.40 b
P2M2T 104.70 £6.48 a 8.12+0.70 a 496.75 +42.18 a 4.26 +0.29 a 3.46 £0.38 a
P2M2CK 93.79 £5.26 b 7.02+0.52 b 436.63 £49.57 b 3.51+£0.28 b 3.08£0.45 a
P2M3T 102.19 +7.83 a 6.63+£0.64 a 500.13 £30.48 a 4.30+0.23 a 3.90 £0.53 a
P2M3CK 95.77 £9.90 a 6.03+£0.70 a 440.13 +63.17 b 3.86+£0.33 b 3.26+0.28 b

TE : [AFUARNG SR 3% Ab B R] 22 57 % (P <0.05)

Note: Different lowercase letters in the same column indicate significant differences between treatments (P <0.05).
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Table 2 Effect of 6-BA and DA-6 combined spraying on dry matter accumulation of soybean under different densities

A kgehm 2
AEY b3 - B L] 3 Ho Lo
Year Treatment Leaf Stem Petiole Pod Overground
2022 PIMIT 2641.63 £231.07 a  3021.62 £152.65 a  1263.28 +70.92 a  1889.88 +112.38 a  8768.91 £305.41 a
PIM1CK 2428.09 £207.99 a  2748.83 £316.31 a  1175.97 +80.18 b 1610.33 +82.08 b 8167.12 £370.26 b
PIM2T 2706.29 +£235.67 a  3449.57 £276.88 a  1202.84 +111.67 a 2038.66 +219.27 a  9392.76 £359.57 a
PIM2CK 2656.29 £240.01 a  3174.61 £213.16 b 1202.48 +101.52 a 1806.09 +142.32 b  8824.62 +305.27 b
PIM3T 2953.65 £259.91 a  3127.97 £239.05 a  1295.14 +£95.09 a  1649.59 +78.65 a 9178.45 £312.42 a
PIM3CK 2816.50 £221.29 a  2673.05£325.41' b 1227.13 +118.77 a  1484.99 +50.00 b 8112.62 +£522.60 b
P2MIT 2357.25+195.72 a  2670.03 £190.07 a  1153.41 £38.42 a  1499.63 +111.02 a  7727.82 +305.85 a
P2M1CK 2303.52 +218.27 a  2491.00 £214.02 a  1175.41 £66.89 a  1324.11 +36.14 b 7090.14 +313.29 b
P2M2T 2469.41 +184.69 a  3172.49 £297.10 a  1256.63 £58.79 a  1521.91 +118.41 a  8425.04 +£331.49 a
P2M2CK 2327.82 +188.09 a  3067.99 £314.25 a  1246.16 £146.19 a 1405.5 +189.21 a 8062.32 +478.59 a
P2M3T 2721.37 £204.13 a  2631.64 £240.12 a  1290.88 £57.69 a  1331.81 +76.68 a 7823.60 +171.07 a
P2M3CK 2502.88 £212.00 a  2407.63 £100.51 b 1052.76 +58.56 b~ 1139.93 +59.52 b 7192.25 +£255.04 b
2023 PIMIT 2661.36 +158.61 a  3108.12 +202.35 a  1257.66 +47.97 a  1426.56 £147.48 a  8369.64 £199.69 a
PIMICK 2428.33 +181.62 b  2759.72 £353.31 b 1106.85+61.98 b 1117.70 +70.41 b 7215.31 £365.36 b
PIM2T 2709.88 £179.30 a  3337.84 £342.58 a  1195.19 +81.47 a  1689.04 +211.42 a  8517.30 +£381.22 a
PIM2CK 2395.11 £197.42 b 3028.61 £202.56 b 1127.10 £121.06 a 1536.72 +140.51 a  8068.68 +304.73 b
PIM3T 2801.69 £112.55 a  2899.90 £304.53 a  1271.49 +68.18 a  1473.54 +50.16 a 8678.31 +£228.68 a
PIM3CK 2582.38 £226.31 b 2630.61 £378.36 a  1218.59 +117.22 a 1328.92 +47.57 b 7696.64 +193.90 b
P2MIT 2194.11 £145.60 a  2694.33 £222.54 a  1068.35 +21.99 a  1308.43 +77.42 a 7262.28 +235.79 a
P2M1CK 979.19 £62.40 a 2623.02 £242.23 a  1089.07 £52.78 a  1208.93 £26.46 b 7097.50 £229.13 a
P2M2T 2139.68 £109.01 a  3071.10 £376.25 a  1256.94 £39.57 a  1539.28 £140.51 a  8421.65 £242.50 a
P2M2CK 2043.25 +117.56 a  2918.86 +332.88 a  1208.41 +147.96 a 1413.90 £66.48 b 7603.28 +351.98 b
P2M3T 2646.13 £205.51 a  2877.51 £316.04 a  1276.68 £22.57 a  1186.97 +119.08 a  7755.60 £353.75 a
P2M3CK 2249.38 £224.21 b 2519.56 £189.71' b 1253.76 £105.08 a  1056.20 +62.62 b 7142.76 £319.34 b

1 AR ING PRk R AP E]) 22 5 8 3 (P <0.05) ,

Note: Different lowercase letters in the same column indicate significant differences between treatments (P <0.05).
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Fig.2 Effects of 6-BA and DA-6 combined spraying on the aboveground growth rate of soybean

plants under different densities from R1 to RS stages
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Note: Different lowercase letters indicate significant differences between treatments (P <0.05).
3 6-BA 5 DA-6 EELEHEX A F%EXEHENR R ERIR0m

Fig.3 Effect of 6-BA and DA-6 combined spraying on lodging resistance

coefficient of soybean under different densities

®3 6-BA 5 DA6 ERBENARZEREXESEZMSEHHFN
Table 3 Effects of 6-BA and DA-6 combined spraying on photosynthetic gas exchange

parameters of soybean under different densities

FEy Jb3 ol E AR AL 7N R JaI] CO, He 2
Year Treatment P./(pmol-m2-s71) G./(mmol-m™2.s71) T./(mmol-m~2-s71) C,/(mmol-m~2-s7")
2022 PIMIT 25.06 £2.11 a 0.81+0.09 a 2.50+0.37 a 223.59 +14.00 a
PIM1CK 22.53+£1.16 b 0.76 £0.07 a 2.04+0.24 b 227.43 +14.82 a
PIM2T 22.56 £2.43 a 0.70 £0.08 a 2.05+0.22 a 184.50 £3.34 a
PIM2CK 20.03 +1.38 b 0.62+0.04 b 1.81 £0.13 b 185.50 £3.16 a
PIM3T 18.19£2.99 a 0.60 £0.08 a 1.72£0.25 a 161.48 +9.72 a
PIM3CK 15.28 £2.02 b 0.52+0.05 b 1.54 +0.11 a 153.08 £9.71 a
P2MIT 22.32+1.87 a 0.71 £0.06 a 2.19+0.19 a 217.23 £17.11 a
P2M1CK 20.57 £3.99 a 0.60 £0.07 b 2.08 £0.39 a 203.43 +9.63 a
P2M2T 19.69 £1.53 a 0.62+0.05 a 1.77 £0.14 a 175.50 £3.16 a
P2M2CK 18.86 £2.54 a 0.59 £0.08 a 1.69£0.22 a 175.00 £3.51 a
P2M3T 17.46 £1.52 a 0.57 +0.06 a 1.55+0.13 a 149.06 £7.55 a
P2M3CK 16.79 £2.20 a 0.45+0.06 b 1.58 £0.48 a 163.76 +31.80 a
2023 PIMIT 15.89 +1.56 a 0.77 £0.11 a 2.20+0.31 a 218.96 +13.19 a
PIMICK 15.25£1.28 a 0.73 £0.08 a 1.99£0.12 a 217.09 £16.61 a
PIM2T 20.02 £2.40 a 0.63£0.07 a 1.85+0.22 a 182.50 £1.41 a
PIM2CK 18.58 +1.13 a 0.59+0.04 a 1.71 £0.11 a 182.75 +2.12 a
PIM3T 20.07 £2.38 a 0.55+£0.07 a 1.57 £0.19 a 159.71 £9.02 a




92 NS S 3
R3(&)

Ay Qb3 HOL A HAR SALSE ZEIM AR M) CO, He

Year Treatment Pn/(pmol'm'z-s_l) Cs/(mmol-m_z-s'l) Tr/(mm01~m_2~s_1) Ci/(mmol-m’z-s’l)
PIM3CK 18.62 £1.16 a 0.49 +£0.04 a 1.48 +0.12 a 153.05 +9.57 a
P2MIT 18.18 +1.62 a 0.69 +0.07 a 1.91+0.20 a 218.30+11.36 a
P2M1CK 16.29 +1.83 b 0.58 £0.04 b 1.71£0.28 a 209.68 +14.23 a
P2M2T 22.01 £2.47 a 0.57+£0.05 a 1.59 £0.15 a 172.88 +4.05 a
P2M2CK 19.05+1.93 b 0.51£0.06 b 1.42£0.16 b 172.88 +5.28 a
P2M3T 18.16 +1.66 a 0.50+0.04 a 1.31+0.12 a 149.20 +11.12 a
P2M3CK 16.32 +1.81 a 0.44+0.04 b 1.21+£0.16 a 149.10£9.96 a

T RSl N R R A BN 22 57 .3 (P <0..05) o

Note : Different lowercase letters in the same column indicate significant differences between treatments (P <0.05).
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Note: A. Pods number per unit area; B. Seeds number per unit area; C. 100-seed weight; D. Yield. Different lowercase

letters indicate significant differences between treatments (P <0.05).
4 6-BA 5 DA-6 ERBIHEXN ARZEEXE~EM~EMM
Fig.4 Effects of compound spraying of 6-BA and DA-6 on the yield and yield composition

of soybeans under different densities
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