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Effects of Blending Ratio of Controlled—Release Urea and Normal Urea on
Soybean Growth and Yield under Different Soil Fertility

LI Tingting', SHEN Yanhui', CHANG Pengju', SHI Yulong®, GUO Wusong',
XIAO Chenxing', JIA Ruifeng', GAO Luyang', CHEN Hongkun'
(1.Xinyangfeng Agricultural Technology Co.,Ltd./Hubei Provincial Engineering Research Center for Efficient
Utilization of Nutrient Resources, Jingmen 448000, China; 2.Institute of Environment and Sustainable

Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: To improve soybean yield and economic benefits, determine the optimal blending ratio of controlled-release
urea(CRU) and normal urea under different soil fertility, in this study, using Xudou 1 as the test material, different blending
ratios of CRU(0%, 30%, 50%, 70%, and 100%) with normal urea were set, and soybean agronomic traits, yield, and
economic benefits were determined in both high—fertility and low—fertility fields. The results showed that, compared to normal
urea alone, CRU blending treatment significantly improved soybean agronomic traits in different soil fertility fields, among
which, pods per plant, seeds per plant, and 100-seed weight were the main factors determining yields. In high—fertility fields,
the highest yields were observed at CRU ratios of 50% and 70% , with increases of 29.47% and 29.80% compared to normal
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urea alone, respectively, and economic profits increased by 3 219.20 yuan/ha and 3 237.14 yuan/ha. In low—fertility fields, a
50% CRU ratio achieved the highest yield and economic profit, with increases of 44.44% , 4 246.87 yuan/ha compared to

normal urea alone, respectively. In both high—fertility and low—fertility fields, the theoretical maximum yields occurred at CRU
ratios of 61.50% and 61.04%, yielding 3 103.76 kg/ha and 2 856.37 kg/ha, respectively, with corresponding economic profits
of 15 564.37 yuan/ha, 14 393.90 yuan/ha. In conclusion, blending CRU with normal urea improved soybean agronomic traits,

increased yield and economic benefits. The CRU ratio recommended in high—fertility fields and low—fertility fields was 61.50%

and 61.04% , respectively.

Keywords:soybean; fertility; controlled—release urea; yield; economic benefit
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Tab.1 Basic physicochemical properties of soil in the experimental area
AE 717K AL &/ (g/kg) A A & &2/ (mg/kg) MO/ (mg/kg)  HULER T/ (mg/kg)
Fertility level Organic matter Alkaline hydrolyzable nitrogen Available phosphorus Available potassium
" ALJ) High fertility 8.01 24.02 86.84 25.32 122.11
fEAE S Low fertility 8.02 19.80 64.03 11.11 108.73

1.2 RIe A

3 NI o A% SIS S
1.3 iK&igit

R %3 38 JR & 100% (CK) . 70% 3 JR #
+30% B SR £ (CRU30) .50 % 18 JR & +50%
FERER 2 (CRUS0) .30 % % 38 R R +70% 2 BE IR
% (CRU70) .100% #= B R & (CRU100) 3£ 54~ 4k
B, AL B 3R E A B ML X AL HES N X T A
6 mX10 me SRFHPLIIEF 778 40 cm.  ZHEEH AR
B4 38 N 58.5 kg/hm?, P,Os 76.5 kg/hm?,
K.O 67.5 kg/hm*, B AL AL 5 A 43 51 Sk 35 58 FR 2
(46% N) ¥ B R % (43% N) B MR — # (50%
P,O;) B R 81 (52% K,O) . B IR 2 B & g
R R R (H i FE AR A B 292 60 d) .
R IE S B R AR R — PR A
1.4 HEmXESHH

W AR B, 43 S0 45 /0N X 3% S 1k U HL AT AR 3R
(1 10 8k K W S8 A MR IEAT = N F . S8 T AR R Ak
(X1 ZE M (X2) | 3 221 $0(X3) VA & K

(X4) B PR IEH (X5) R R (X6) FlE AL T 5
(X7T) SRR . 25 /N a5 47 SE o ™= Gt =
A m®) RS A AR BRI ORFRL ™
Pré A - it

e R G 4.77 90/ kg B R E 1.8/ kg,
R ZR 2.6 G /kg, HA A 9% F 3 773.63 50 /hm”
(LGB HRAE K BE D Fh 7 DK BR R R
MR R AT IR .
20 R = - EE BUA At A
i
K H B A & (One-way ANOVA) il Duncan 7%
AT J7 2557 Bl 2 5 H A (P<<0.05) , Jir 1 Gi it 4y
Br 5 2% 1 SPSS 22.0 ##F #E 17, K1 3 &k A Origin
2018 FI R—4.3.2 B 45 .
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Tab.2 Effects of different fertilization treatments on soybean agronomic traits

BOKT  am pkEjem gdmm o EEEEC eppnn mpseso sy AT
Fertility level Treatment Plant height = em diam an SM g roctive branches  Pods per plant  Seeds per plant 100 'seed
eter node weight

5 g CK  62.974+1.24a 6.62+0.25a 15.35+0.25a  2.20+0.27a  38.2241.30b 71.93+1.93c  19.6840.15¢

Highfertility  puj30 64.85+1.65a 7.5140.26a 16.4040.34a  2.30+0.54a  42.53-1.5lab 75.8641.55bc 20.0540.17be

CRU50 66.18+1.12a 7.83+0.26a 16.50+0.34a  2.1040.50a  47.15+1.61a 82.434+1.91a 20.2640.15b

CRU70 65.10+1.06a 7.1840.22a 16.2040.36a  2.0040.45a  45.15+1.20a 80.7541.57ab 21.464-0.13a

CRU100 63.3240.88a 7.1540.39a 16.4040.27a  1.7040.60a  41.5841.62ab 77.18+1.36abc 20.1240.27hc

CHE A1 CK  584041.25b 6.544+0.08b 14.1040.38a  2.20+0.25a  35.2040.57c  65.80=1.41c  17.70%0.25¢

Low fertility  ~py30  60.39+0.87ab 7.05+0.03a 15.30+0.30a  2.50+0.43a  40.0040.88ab 73.80-1.60ab 18.05+0.1dbc

CRU50 63.6140.79a 7.2340.04a 15.5040.40a  2.3040.33a  42.80+1.13a 79.20+1.06a 18.91+0.13a

CRU70 59.95+0.60b 7.1540.04a 156040432  2.40+0.27a  41.20+1.2dab 71.9041.88bc 18.544-0.21ab

CRU100 60.47+0.58ab 7.1840.05a 15.1040.38a  2.1040.38a  37.3040.99bc 73.30+2.06ab 18.47+0.13ab

TE AN AN B R ] — B 3 7K - BEA [7] b B ) 22 S & % (P<<0.05) . T 3R] .

Note: Different lowercase letters indicated significant differences among the different treatments within the same fertility level(P<C0.05).The

same as below.
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CK(P<C0.05), TEARNE Jy 4 HH v, it 428 B8 PR 3R 1
Y R SRR R R R I R BOR
B, 5 CKA L, Bk ZEH SRR T b 5k
R B A T 2.65%~8.92% . 7.81% ~
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Tab.3 Effects of different fertilization treatments on soybean yield

e B Ji4¢ M High fertility field fIRAE J14¢ /- Low fertility field
Treatment =4t /(kg/hm?) B CK I % =4t /(kg/hm?) B CK N %
Yield Yield increase companed to CK Yield Yield increase companed to CK
CK 2 322.84447.40b 2025.01+124.47¢
CRU30 2739.374131.20ab 17.93 2 520.01+96.04ab 24.44
CRU5S0 3007.39499.53a 29.47 2925.00+80.80a 44 .44
CRUT70 3015.024+118.64a 29.80 2774.68+73.82ab 37.02
CRU100 2655.014+67.61ab 14.30 2433.344139.94bc 20.16

X B R R LA 5 ™ ek BEAT [l 5 4 BT, 2 2R
T (E D, =R Ty ARAE Sy A H A 8 B IR &
Bl 45 K = i R 56 (P<<0.05) . 7E IR 1% 1
YR BRI R FE 1B IR H R 61.50%
it R = s, o0 3 103.76 kg/hm?, i 7E K JIE 11
e M RIR R 5 R R BRI

3400  EARJRH
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— s
g 3000F
=
¥3 2800 .
Z 5 S
HI]THH 26001 °
A 2 400} y=-0.19¢"+ 23.37x + 2 295.13
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2200F
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Ah¥
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61.04 %0 I, K EL™ Hbfic o4 2 856.37 kg/hm?, /&4
AW ST, R 4 A CRUS0 . CRU70 4b B
A e, AR AR J) 4 | i CRUSO 4k 3 7™ 4 fe
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Fig.1
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Fig.2 Correlation between agronomic traits and yield of soybean in fields with different fertility levels
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Tab.4 Path analysis of soybean yield and agronomic traits in high fertility field

Varable orrelat ‘path coef 41 bk SR B 1Lt
efficient ficient Stem diameter ~ Pods per plant ~ Seeds per plant  100-seed weight
22 Stem diameter 0.23 0.16 0.05 0.03 -0.02
HRRIEEL  Pods per plant 0.86 0.17 0.05 0.29 0.34
kR  Seeds per plant 0.87 0.34 0.02 0.15 0.36
ERTE  100-seed weight 0.85 0.46 -0.01 0.13 0.27

FEARAE F7 4 L, 3% 25 [0 U5 43 17 45 3810 A4 d5e A [ 09
)7 Y=-971.93-34.19X1+46.00X5+ 38.35X6-+
53.04X7(H % & % r=0.92, P<<0.001, Ik & & %k
R*=0.84), WA TEE SRR (KS) MBS K
B AP, K B MR O 7 A TR RO K/
T F Ay B A A 0 > Bk 3 B > R v > R T
BRI L T KON SR A, AR BRI R T
TR Z 3 MR ek At R A ] 42 25007 B N 2
SR IE, (HL 3 A R v X 7 R 1 ) 2R RGO R A7, i
BB B B Rk S BOR R R A 7 R [
R I 18 i BB B L B R SER R B S R Y

KA AT AR Ry 3 RO 7 o A DTk o R X
A ECREAE Dt FUHE S B RRORE K B R S
R AR T A X 5 Y ) A T 2 RO OE G R T
FUEARAE AL, DR e 38, 7= o A — g B, (R
BIp VR B R e 5 AR M ER Y G AR AT AR 7 4R
T o FORL T X A A B R e D R
PR 2 JOM B RRORE JOGE 7 7 AR R TR ROV . R
A FE RIS Jr A I rp  P0RE IR 3R 5 3 3l IR R B IR AL
BT, BORR SR B RRORE BORN T R B D R b
PR DR Z AE T R PR PR PR S R bk
IRV GINER THDT YU

x5 REARAXREFESRZERNEZSH

Tab.5 Path analysis of soybean yield and agronomic traits in low fertility fields

- COTE:E i ;:yco? Eff %z ;5( - [] i‘%ﬁiﬁé i é?SI lndirect‘patﬁ jf)efficient —
Variable orrelat path co B R IR R AL R
efficient efficient Plant height Pods per plant  Seeds per plant  100-seed weight
Pk Plant height 0.49 -0.26 0.34 0.33 0.08
FRRIEE  Pods per plant 0.77 0.45 -0.19 0.42 0.09
HPRRI AL Seeds per plant 0.87 0.61 -0.14 0.31 0.09
TRIEE  100-seed weight 0.73 0.12 -0.17 0.33 0.45

2.5 7 [E) e BE Ab 3B X 22 5 34 5% B9 2 i

KGRI 28 T sk 2 B2 KR E A 7R A
B AR5 . 45 B IR R 5 8% JR R et A A
AP v v IR T AR A g A R AR R Y 2 T AL
% (%£6). EEENALEP, 5 CKML, THRIKE
BRGS0 8 T 1492.28~3 237.14 5¢/hm?,
W R R 21.61 % ~45.90% , 77 4 LG R oy 11.69 Y6~

134

27.97% , Hp ,CRUS0,CRU70 kb B 4 28 35 %% 5 A1
W H T 325 5 48 R 10 356.5.10 374.4 96/hm?,
B CRUSO0 &b 3 i 7= 4% te 8 s o ZEARAE g e /o
BERIRZBIRKE CKET M T 1 855.58~
4 246.87 JG/hm?, B i 4 20.11 % ~52.76 %, 7= # b
HOWRN 17.42%~42.77% , H v, CRUS0 &b ¥ 1 28
T 2% g A A B, 43 0 9 963.5 98 /hm” Al
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3.50 MRS R IR R A 5 2 59 e
L LE 61.50 %0 1 61.04 06 , HXF I A 28 5% &% 4t A 7™

F LAk 15 564.37.14 393.90 JG/hm? F1 3.87: 1.,
3.58:1.

F6 A [E)HE AL AL 3B X K = 22 5F 2 3 B9 % M

Tab.6 Effects of different fertilization treatments on the economic benefits of soybean

NS S /hm?) ., o, e

ek F e/t R IORI s Ge ety s/ CE et e
Fertility level Treatment Output & cost i Other costs Net income Output to input

A 1k CK 11 079.95 169.04 3773.63 7 137.27-+226.08b 2.81:1

High fertility field CRU30 13 066.79 196.69 3773.63 9 096.47+625.85ab 3.29:1

CRU50 14 345.25 215.13 3773.63 10 356.49+474.752 3.60:1

CRU70 14 381.65 233.56 3773.63 10 374.45-+565.89a 3.59:1

CRU100 12 664.40 261.21 3773.63 8 629.56+322.48ab 3.14:1

IR AE 3¢ CK 9659.30 169.04 3773.63 5716.624593.73¢ 2.45:1

Low fertility field CRU30 12 020.45 196.69 3773.63 8 050.12-+458.11abe 3.03:1

CRU50 13 952.25 215.13 3773.63 9963.49-+385.41a 3.50:1

CRU70 13 235.22 233.56 3773.63 9 228.03+352.13ab 3.30:1

CRU100 11 607.03 261.21 3773.63 7 572.194667.53bc 2.88:1
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