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Effects of Planting Density on Root Morphology , Photosynthetic
Characteristics and Yield of Mung Bean

LIU Sijia', WANG Xiaolin"?, L1 Boyang', LIU Qiao',ZHANG Xiuchun', LI Xinyi',ZHANG Xiong"*
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Abstract: To explore the correlation mechanism of mung bean planting density and root morphology and photosynthetic
characteristics in arid areas in northern Shaanxi, in this study, taking a characteristic mung bean variety Yuliil in Hengshan
district of Yulin city of Shaanxi province as the tested material, the random group design was applied to set up 3 planting
densities including 5.70(D1), 6.60(D2), and 79 500 strains/ha(D3), and the influence of planting density on root morphology and
leaf photosynthetic characteristics was analyzed. The results indicated that compared with the D2 and D3 treatments, the root
length and root surface area of mung bean in the D1 treatment increased by 29% and 2% respectively. The net photosynthetic
rate and transpiration rate of mung bean were generally W—shaped throughout the growth period, there was no significant
differences between the 3 treatments. Intercellular CO, concentration reached its maximum during the bulge phase, D2 and D3
treatment increased the intercellular CO, concentration by 14% and 27% respectively compared with D1 treatment. Under 3
treatments, plant height, stem diameter, and biomass all showed a slight decrease with the increase of planting density, there
was no significant differences between the treatments. Compared with the D2 and D3 treatments, D1 treatment increased yield of
mung bean by 5% and 32% , respectively. Correlation analysis found that net photosynthetic rate and stomatal conductivity were
extremely significantly positively correlated with transpiration rate, respectively, and yield was significantly positively correlated
with root mass and was extremely significantly positively correlated with stem mass, respectively. In conclusion, different
planting densities could regulate the root morphology, which could significantly optimize and regulate the photosynthetic
physiological characteristics at the flower pod stage, change the accumulation and distribution of dry matter in roots, stems, and
leaves, promote the transfer of dry matter to grains, and then promote the increase of mung bean yield. Therefore, after
comprehensive comparison, when the planting density of the mung bean variety Yulii 1 was 5.70 10 000 plants/ha, it was the

most suitable for planting in the arid areas in northern Shaanxi.
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Tab.1 Changes in temperature and total rainfall during growth stages of mung bean

SEER H1{3  Month
Meteorologic elements 3 4 5 6 7 8 9 10 11
#ik/°C High temperature 13.0 18.0 26.0 30.0 29.0 26.0 23.0 15.0. 8.0
flk#k/°C  Low temperature -1.0 4.0 11.0 16.0 18.0 16.0 11.0 2.0 -3.0
JMBEFF/mm Total rainfall 0.0 1.1 0.3 8.4 54.7 47.7 89.3 1.7 19.7
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Fig.1 Analysis of the root length, root surface area, root volume, and average
root diameter of mung bean at different planting densities
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Fig.2 Analysis of the relative chlorophyll content
(SPAD) of mung bean at different planting densities
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Fig.3 Analysis of net photosynthetic rate (Pn), stomatal conductance (Gs), intercellular CO,
concentration (Ci), and transpiration rate (Tr) of mung bean at different planting densities
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Fig.4 Analysis of water use efficiency of mung bean
leaves at different planting densities
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Tab.2 Analysis of agronomic traits, biomass, and grain yield of mung bean at different planting densities

Ak # B /em 254 /mm ZET it /g MR T B/ g 5B WFma/g &/ (kg/hm®)
Treatment Plant height Steam diameter  Stem dry weight Leaf dry weight Branch number Root dry weight Yield

D1 50.20£8.15a 11.3040.87a 21.24+12.93a 18.38+13.78a 4.00+1.00b 2.78+£0.25a 1793.70£8.03a

D2 44.074+2.30ab 10.0340.64a 19.244+2.18a 15.46+5.44a 4.00£1.00b 2.65+0.97a 1699.75+£9.83a

D3 38.47+1.25b 9.95+1.98a 8.64+0.68a 11.344+1.93a 8.67+2.52a 1.344+0.51b 1219.95+8.35b

TE - [ AN [] /NG 5 R 32 7 AN [l 4 B L 7E 0.05 7K B 28 5 i 25

Note: The different lowercase letters in the same colutnn indicated significant differences between different treatments at the 0.05 level.
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Tab.3 Correlation between root morphology, photosynthetic parameters, biomass, and yield

LN

Trait MPLE MPSU MPAV MPVO FFPCH FEPPn FFPGs FFPCi FFPTr
MPLE 1 0.548 -0.994 0.88 0.859 0.565 0.544 0.345 0.555
MPSU 1 -0.455 0.084 0.042 -0.381 -0.404 -0.596 -0.392
MPAV 1 -0.926 -0.909 -0.650 -0.631 -0.444 -0.641
MPVO 1 0.999° 0.889 0.878 0.750 0.884
FFPCH 1 0.908 0.897 0.777 0.903
FFPPn 1 1.000" 0.969 1.000™
FFPGs 1 0.975 1.000™
FFPCi 1 0.972
FFPTr 1
FFPWE
MPPH
MPSD
MPRW
MPSW
MPLW
MPBN

oP

D8



B A R X S AR RS e R K™ i Y R R

ZR3 REES AEGSH EVENTENEXESNT

Tab.3(Continued) Correlation between root morphology , photosynthetic parameters, biomass, and yield
"r["lr;{xi\t FFPWE MPPH MPSD MPRW MPSW MPLW MPBN (0)3
MPLE -0.483 0.089 0.509 -0.370 -0.307 -0.035 0.445 -0.303
MPSU 0.468 0.882 0.999" 0.575 0.628 0.817 -0.506 0.632
MPAV 0.574 0.018 -0.414 0.467 0.408 0.142 -0.538 0.403
MPVO -0.841 -0.395 0.038 -0.767 -0.723 -0.506 0.817 -0.719
FFPCH -0.863 -0.434 -0.004 -0.794 -0.751 -0.542 0.841 -0.748
FFPPn -0.995 -0.772 -0.423 -0.976 -0.959 -0.844 0.990 -0.957
FFPGs -0.997" -0.787 -0.445 -0.981 -0.966 -0.857 0.993 -0.964
FFPCi -0.989 -0.904 -0.632 -1.000° -0.999" -0.950 0.994 -0.999"
FFPTr -0.996 -0.779 -0.434 -0.978 -0.962 -0.851 0.992 -0.961
FFPWE 1 0.829 0.508 0.992 0.982 0.892 -0.999" 0.981
MPPH 1 0.903 0.892 0.920 0.992 -0.853 0.922
MPSD 1 0.612 0.663 0.843 -0.545 0.667
MPRW 1 0.998" 0.941 -0.997 0.997"
MPSW 1 0.962 -0.989 1.000™
MPLW 1 -0.911 0.963
MPBN 1 -0.988
OP 1
T A e 03 5 3R 7R AE 0.05 443 A 0.01 G0 (XU ) ARG HE 135 . MPLE. AR K s MPSUL 0 AR 3R 18T B MPAV . 0230 1 2 4

A HAEMPVO. RN AR AR FEPCH. AESE WM 28 3K &t s FEPPn. AE 3210643 1% s FEPGs. fE 3801 AL S 2 s FRPCIL AL 201 i [7] CO,
W s FFP Tr. 28 15 3 4 s FEPWE. LI - )7 /K 73 B 2808 s MPPHL B B 5 s MPSD . RCBUY Z5HL s MPRW . s TR Bt &t s MPS WL R
SIZE T B MPLW . BB T i s MPBN. B0 40685 OP. 7= Bt

Note: * and ** indicated a significant correlation at the levels 0.05 and 0.01, respectively(double tail). MPLE. root length at the mature
stage; MPSU. root surface area at the mature stage; MPAV. mean root diameter at the mature stage; MPVO. root volume at the mature stage;
FFPCH. chlorophyll content at the flower pod stage; FFPPn. net photosynthetic rate at the flower pod stage; FFPGs. stomatal conductivity at
the flower pod stage; FFPCi. intercellular CO, concentration at the flower pod stage; FFPTr. transpiration rate; FFPWE. leaf water use effi-
ciency at the flower pod stage; MPPH. plant height at the mature stage; MPSD. stem diameter at the mature stage; MPRW. root dry weight at
the mature stage; MPSW. stem dry weight at the mature stage; MPLW. leaf dry weight at the mature stage; MPBN. branch number at the ma-

ture stage; OP. yield.

Y28 3 AT, AH OGR4 i SR AR RIE S 1, K
AR PR B 5 46 S 1 A 2 R N Y e A I IR A
K (P<<0.05) , U2 AR = 11 AR 5 2500 2 W 2 1 AH
K(P<C0.05) , At PR 5 AR RIE S A CHEA 3
ARk, 78 I HOR 5 AR WO A R A3
AL T B S B B ARG (P<<0.05) o B AL
ST 5 WOL A R R B IE A (P<<0.05), 5K
A3 B R 5 5 3 50RO (P<<0.05) 5 46 3 11 K 43
FIH R0 5 B 3 BB 35 1R DG (P<<0.05)
5 At PR DU 56 P R 3 5 AR e 5 2
J 5 I 3 IE AR 06 (P<<0.05) , i 2 AR T
A ZE R 2 5 ] CO,L MR BE 5 1 35 1R 06 (P<<
0.05) ; 7= & 5 18 32 W g (8] CO, ¥k J& 52 & 3 F 4 ¢
(P<<0.05) , 5 B2 AR T ot o &2 B 35 1E AH O (P<<
0.05) , 5 25 it & 52 M 35 1E A0 56 (P<<0.01) .

3 #Ziw5itib

AL % JRE 5 W R AR 2R e 2 5 A A A

FER G — o & AR DR UE R AR Y e K
FIR J3& M R TG BE K 23 FFR 23 2 B U, 58 00 e 4% il
P G 7 N R ROR AR A R
FIIK 73 W e as B, REJRRAZ - SR B AR AL, IF g
SR ASCH WS, B AR BR K 23 AR 45 A E Z 18] a8
oA ZRIE A T 45— R 50 A B R RAR
LI B A R TR AR AR e gk T AR
it o Xk K B AR Sk B B A AR R Y 8
WAEATHESRARESETEES . E2H
SFURE S R E E A AN L R F R R AR
LA DU HR A R AR T AR, DT B A . AR
S5 R LR IR BE ) b R AR SRR D0 fb T 1A s 1) HE
i, B AR OB 25 DL KR W B O S R 2
WA AR R AL o s AR SRR R &,
I Rk /D, Wk T 2R AR Y 0 B, B R )
i AR R AR AR R K, X 5 CABAL 2PV 57 25 1
— B MR R AR ITUAY, (H B R 5 AR o3 B A 57
Py osi b AR A S R B AR R, X 5 E

+20.



W PG 4l Bl 2 2024 4R 55 52 445 5 1

FRAEC R SE 45 R — AR T W B R b

S IR AE Y b 45 B 52 2% R A i Y
Zia WY AE R K H AT FOR i e A 2
A ERERL . AR R AR OB A TS AR AR
& H B, B R e R B e T e A
PERE B0 5202 BT ST A R R W i AT L
P ) R RO B 4 e e A e A
AR T AR DT 8 T R A B B . AN [
FAE SRR AR & i e A R LS
75 5 S AR AE AL I o5 L, X AT RE TN S AE S 2
H 7 IR AR T A8 g A B A A B IR I A R Y
W2 VLG A R IR 3E 5 6 1 1 e X RE TR S5 Y
iR LU T I AL SOk . B SO AR 9T T AN ) ¢
LA ROE A REPE 5 MO S HoR 5L P R
R B IEA O . AWFR AT RER] RS R
fLSJE 6 G R ol B R RO s ot
HERAE T4 W9 2ORIR B TS ) CO, ¥ BE 781X
AN 30 BT T e X T BB R H T K R 2K A
f. SLEEM SR Z R Z A, EA UL
Ja P 3 B — DR RS e 7 ) A0 2 S R
BUAFRL ™ B 2020~3000 SOLAAEHIA K. W/
SERIRF TR L S AR TR AR B COL YR BE LASM HoAth
B RSB WREAL . X AR R - &
o B AL SR R HEOK 2 SE R — D E R, X
33 AN Wb K 43 T AR LK 43 ) R AR
A A 2T EAE A AW 2 AR 5 5 IR A A
FH 2 T 42 v % A B8 Ay R R Ty el S AR
i F TR B, K 23 M) 200 5 01 RE A 8RR £
FHC o ABETELE SRR, i Ffoe 2 AL 5 AU
Bom, R LK HX FE AR o R A, Felh
2 5 BOURBR A AR89 0l R, HL A R b il 1X
T—9 AR Z, HZ LWL, 7
it BL T, e 5 EE 14 4 SRR PR 2 R A /K W8 U] 2
R S DS & TR A 5 R N DS ICR R 7S
AT B RO IR BT IR, A L 2 R OK B R, Pt
6 JEE 2 AR R 23 A 8 e ) K 0 RSO

SR S8 A5 U SE o F 9 A SR R R R R R A
— JE W R T LS B R A Ak e 2 R
Wi e B o R e 5 SR O e R 2R OML 2 W A b A
JEE A B8 g AR X S AR T AT R — L B
MR R B BR 1 R 22 R A A, oAt 27 B
TEAN WY A R4l o )™ i B Sk G AR I 2 5
F R T BB SRR B RE T 5 AR R i
B L BA RO IR R B o R RS 4 8 IR )
+30-

JoURE 5 7 e A DR G R 2 AT 4 v S B Y R
B, Bt 4 B A0 3G 0, Rk A% 2 T AR W 2 B W
BEAR o E AW SESE S T R B, b 1 T B RTAR
WY B S B R AR R . AT
FEAE A, Bl A b R A B IAR 2R T
PR B WD, e AR AL B R AR 55 o e R
P9 A . Rk T R SR B R IR
EPSPSENEE iis - @S X SR S TE NN PSS ST

AW, AN R b B R 2R BAR RIB A D
BRI E R MR DL RS AN R . AR R
TE 25 25 Bt 36 4 56 B JRE A A [ Wk A 801, 0 4 2 Ak
ARFR AT R AR AR S AR 1 L A A Y
e, w i AL BT BOAR R BAREOR . SRk
LR U Ao % R R D IO 22 S K e e
RV AR SE I N T Oy S 2 BR AR S Z A
PN AS o 2 SO AT T R o IR B RE S
FOUUCE MR LU T R R R T
FERLDT 1 5575 o AR ZMEAR R i LR B
JEE Y ISz T AR o AR DG o A R T, AE S Y A 2 B
ARG AL TR At E R ) B A IE M
SR, 7 a3 5 I AR T B R I TR A G 5 A
P ZE T B A S IR AR

22 3k

[1] 3R, B R 4 48 s E AL B b O o 58 i e 5
Z[J]. M EHF 5T, 2002, 21(3) :305-312.
ZHANG Y F, WANG Y F,LIU L X, et al. Research progress
on arid-land agriculture in Northern China[J]. Geographical Re-
search,2002,21(3):305-312.

[2] WU S H,YINY H,ZHENG D, et al. Aridity/humidity status
of land surface in China during the last three decades[J]. Science
in China Series D : Earth Sciences, 2005,48(9) :1510-1518.

[3] w6’ Ak . U % B AR X K 5™ & 52 ma i1 A= #EAL ) 5 (D .
W IR AR B AROE R 2, 2017
GAI Z J. Effects of fertilizer-N and density interaction on soy-
bean yield and studies on physiological mechanism[D]. Harbin:
Northeast Agricultural University, 2017.

[4] FE Ui, m Bob, X5l , 5 . R AL I 5 4L E L& iR 5T
U] g AR B, 2006, 34(2) :8-10.
WANG S Q,GAO JL,LIU K L, et al. Study on the formation
and shedding of soybean flower pods[J]. Inner Mongolia Agricul-
tural Science and Technology,2006,34(2) :8-10.

[51 Bmian , 5 Je | BRibe s . iR 25 B 0 5 b X 4 0 2Rk &

AL EE IR T A E O B G4, 2020,22(7) £ 124-129.

YIN L L,XING B L, CHEN X L. Effects of planting density on

agronomic traits and yield of mung bean in North Shanxi prov-

ince[J]. Journal of Agricultural Science and Technology, 2020,

22(7):124-129.

SR SRR, BT AR RRAT BE RN B RS oK Bk

—
[=p}
4



B A R X S AR RS e R K™ i Y R R

—
-
[}

[9

[

(10]

[12]

[14]

PR B = i iy 2w [T ], K R, 2006, 25(3) £ 283-287.
ZHANG W,ZHANG H J, WANG H Y, et al. Effects of spac-
ings and planting densities on agronomic traits and yield in high-
oil soybeans[J]. Soybean Science, 2006,25(3) : 283-287.
T, B Ak (AT R, A L BRAT E G R S A 2R
R [T]. KR REE,2021,40(4) : 482-489.
YU X B,LIANG J Q,HE Z M, et al. Effects of different spac-
ing configurations on soybean agronomic traits and yield[J]. Soy-
bean Science, 2021,40(4) :482-489.
TN, T, T, A AN [ B I A R R S B AR A
AR B ki 5 R [T]. Al BB IR, 2023(9) - 79-82, 91.
WANG X Y, WANG B, WANG M, et al. Effects of different
plastic film mulching cultivation modes on main agronomic char-
acters and yield of mung bean[J]. Bulletin of Agricultural Sci-
ence and Technology,2023(9):79-82,91.
w1 SRR T 08, A AN [ A A 2 B R X e T e
ML gl R4, 2020,48(10) : 1602-1605.
GAO W,ZHANG Z Y,HAO Q T, et al. Effects of different
planting density and film mulching on mung bean yield[J]. Jour-
nal of Shanxi Agricultural Sciences,2020,48(10) : 1602-1605.
FRWE, /N R EG AT, A BT S AR Ak SR A Uy
45 ML) o, 2023, 13(2) : 1-4.
WANG C P,HOU X F, SONG R J, et al. The new mung
bean variety ‘Fen mung bean No.4’ with tolerance to drought
and continuous cropping: breeding research[J]. Journal of Agri-
culture, 2023,13(2) : 1-4.
I, B, o 45 R X 22 B8 AR MR
SR BT I 7], R E R, 2023(1) : 21-25.
HE D Z,WANG T,LU P, et al. Effects of planting density on
the main agronomic, economic characters and yield of Andou 8
[J]. Soybean Science &. Technology,2023(1):21-25.
LR FY sk, X e A R BR AR R kR O Xt 52K 43 AL
e R ML), A bR B2 4L 2019,29(2) 1 65-69.
JI X L,ZHANG J,LIU J H, et al. Effects of inter-membrane
supplementary irrigation with rainfall harvesting on wateruse ef~
ficiency and yield of mung bean[J]. Journal of Yulin University,
2019,29(2) :65-69.
PISERE LI Bt S AN S\ i AR (S SO AN
i K b B PR AL R BT AY S A (D], 2 ORI R, 2023, 51(17)
34-37.
ZHENG H Z,QU Y Q,ZHANG H F. Effects of planting den-
sity on the yield of mung bean and soil physicochemical proper-
ties in winter wheat-mung bean rotation system[J]. Journal of
Anhui Agricultural Sciences, 2023,51(17) :34-37.
MIgE . R g5 R B X AR T OLA PR RE AT S R (D).
JRAH AT, 2023,11(7) : 12-15.
LIU X. Effect of planting mode and density on photosynthetic
performance and yield of millet millet [J]. Grassroots level,
2023,11(7):12-15.
Fo /N L AN [ i R A 2k O AR 4 S 30 A BUREPE B 5T (D], #
W YA R MR K2, 2007
GAO X L. Study on physiological characteristics of different
genotypes of mung bean at flowering and podding stage[D].
Yangling: Northwest A &. F University, 2007.

[16] sR3TC, TS, ok SOB 5 48 01135 B2 X 4 TR T B

[17

[18

[19

[20

[21

[22

[23

[25

]

]

]

]

]

]

]

[l

[t}

R AR IR [T). BRI AO B, 2016(11) £ 26-33.
ZHANG Y F,YU S,ZHANG W C, et al. Effects of seeding
date and planting density on growth, dry matter accumulation
and yield component of mung bean[J]. Heilongjiang Agricul-
tural Sciences, 2016(11) :26-33.

U B A A AR BN TR A B BB X 2
A MR ZR e I [RAE W oy BE B9S2 R [T, b R 5 0 R, 2019
(4):105-115.

YAN S P,FENG H Q, YANG H W, et al. Effects of nitrogen
fertilizer application amount and ratio of base to topdressing fer-
tilizer on physiological traits and assimilate distribution of root
of quinoalJ]. Soil and Fertilizer Sciences in China, 2019 (4) :
105-115.

FE R, BRI AR AR KR AL A ST R (D). A A
2017,26(3):214-225.

WANG Y Y,CHEN Y P. Research progress in water uptake
models by plant roots[J]. Acta Prataculturae Sinica, 2017, 26
(3):214-225.

SRR IS, BRI, A R OB B K 2R AR S
HRAR BRI S [T ], A=W HAR e i, 2023, 39(8) : 70-79.
ZHANG Y,XU T J,LYU T F, et al. Effects of planting den-
sity on the stem quality and root phenotypic characters of sum-
mer sowing maize[J]. Biotechnology Bulletin, 2023, 39 (8) :
70-79.

A%, SR BT, W W, 45 TRIRE 8 X R 0 9 A R AR
R K B [T]. R ERE,2022,41(6) : 679-687.
REN J T,ZHANG J X, BAI P P, et al. Effects of density on
root growth and yield of spring soybean under mulched drip irri-
gation[J]. Soybean Science,2022,41(6) : 679-687.

CABAL C, MARTINEZ-GARCIA R, DE CASTRO
AGUILAR A, et al. The exploitative segregation of plant roots
[J].Science, 2020,370:1197-1199.

PR N ST I /I S TSR el SER (O B
F A Bt B R [T, TR A R, 2023, 51(21) : 79-86.
WANG D,ZHANG Y Q,ZHANG M, et al. Influences of in-
teraction between soil root-growing space and planting density
on root distribution and yield of quinoal[J]. Jiangsu Agricultural
Sciences, 2023,51(21) : 79-86.

EEH, BN, 220, 5 XTI TN E Gt A
AR BIAR AR 95 A [T]. T A B, 2023, 52(10) £ 22-29.
WANG Y Q,MENG X G,LI W Y, et al. Research progress
on the effects of abiotic stress factors on wheat photosynthesis
[J]. Journal of Henan Agricultural Sciences, 2023, 52 (10) :
22-29.

B SCAb sl TR A AN T S S AIOL A R KoK 43 R
PR FE[T]. BV Al L4, 2014,60(9) 1 1-7,

DUAN Y Z,ZHANG X, KANG F R, et al. Study on photo-
synthetic characteristics and water use efficiency of different
mung bean varieties[J]. Shaanxi Journal of Agricultural Sci-
ences,2014,60(9):1-7.

TR, B E I, BT, S BHE O AR AN RN &
PERE HZE (b FURF R A0 5 o [T, B AR A2 4, 2017, 28
(3):885-893.

«31-



W PG 4l Bl 2 2024 4R 55 52 445 5 1

[26

[27

[28

[29

[30

i}

]

]

[t}

=

ZHANG X Q,ZHAO X L,WANG Y Q, et al. Effects of till-
age practices on photosynthetic performance diurnal variation
during filling stage and grain yield of winter wheat[J]. Chinese
Journal of Applied Ecology, 2017,28(3) :885-893.
/NI IME R, e, ORI E R B g i ROt A Rk
Wr9E (], M4 2 4%, 2007,33(7) : 1154-1161.

GAO X L,SUN J M, GAO ] F, et al. Photosynthetic perfor-
mance in the leaves of different mung bean genotypes[J]. Acta
Agronomica Sinica, 2007,33(7):1154-1161.

MCAUSLAND L, VIALET-CHABRAND S,DAVEY P, et
al. Effects of kinetics of light-induced stomatal responses on
photosynthesis and water-use efficiency[J]. The New Phytolo-
gist,2016,211(4):1209-1220.

JIANG Y, TIAN Y, ZHA T S, et al. Dynamic changes in
plant resource use efficiencies and their primary influence
mechanisms in a typical desert shrub community[J]. Forests,
2021,12(10) :1372.

BLOOM A J,CHAPIN F S,MOONEY H A. Resource limi-
tation in plants-an economic analogy[J]. Annual Review of
Ecology and Systematics, 1985,16:363-392.

D2 BN XN A L s XA K S RO RE
H A 5 A R i AT U] R3S 241, 2024, 44(4) -
1623-1632.

FANG Y Y,WANG L P,LIU C H, et al. Seasonal dynamics
of leaf water- and light-use efficiencies and their responses to

biophysical factors of Cotinus coggygria in Beijing mountain-

[34]

ous areas[J]. Acta Ecologica Sinica,2024,44(4) :1623-1632.
XL, B4, 55 K55 510 % 5 RO e X 4 15 2%
A& 2R AL A R B 52w [T]. IR 2, 2023, 42(2)
212-219.

LIU C Y, WANG L,QI Y X, et al. Effects of sowing date,
density and fertilizer application amount on main agronomic
traits and photosynthetic characters of Mudou 15[J]. Soybean
Science, 2023,42(2) :212-219.

ARG ERE /N, 25 0 R AR O AN S e R
LA R [T]. HOR AR, 2022,53(2) - 32-38.
SONG R J, WANG C P,HOU X F, et al. Effects of sowing
date and planting density on yield and agronomic traits in ad-
zuki bean[J]. Gansu Agricultural Science and Technology,
2022,53(2):32-38.

T4 v T I HE S5 R X R R EREH K" R
Wi [D]. 25 A ST B Rl Ko, 2022.

REN J T. Effects of density on growth and yield of spring soy-
bean under mulched drip irrigation[D]. Urumgi: Xinjiang Agri-
cultural University, 2022.

EAM PR R S AF R R R X v R S TR %
PE K 5 AR TE 25 1 52 [T, AR b Aol B2, 2023, 48(6)
20-26.

WANG D Z,RAO D M, LI Q R, et al. Effect of planting pat-
terns on root morphology of soybean varieties with different
density tolerance under high-density planting[J]. Journal of
Northeast Agricultural Sciences, 2023,48(6) : 20-26.

o I A AU 9%, B A A R AR R S SR R R 2 AT L R

ZERERFH

AT E AT A AR A T A D R AT

BRI UL, A TR 2 1 2 Ul T A B

+32.

AL R A T A3 AT ST Y 2 A
SR A R TE

CLl PG gl k27 ) 44 77



