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Effects of Spraying Frequency and Stage of Amino Acid Fertilizer on Soybean

Physiology and Yield

ZHANG Peng-yu,ZHANG Xiao-rui, HE Ru,SUN He-xiang, YAO Xing-dong, XIE Fu-ti
( Soybean Research Institute, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to analyze the effect of amino acid fertilizer on the growth, development and yield of soybean, and to
explore the frequency and period of high-efficiency fertilization of amino acid fertilizer in soybean fields, two soybean varieties,
Shennong 8 ( determinate type) and Shennong 9 ( semi-determinate type), were used as materials. We set up fertilizer
treatments, sprayed different times of amino acid fertilizers in different growth periods, to analyze the photosynthetic
physiology, nitrogen metabolism, plant agronomic traits and yield of soybean leaves of different treatments at different growth
periods. The results showed that the amino acid fertilizer treatment could significantly increase the yield of soybean. The yields
of Shennong 8 and Shennong 9 were significantly higher than those of the other treatments when the amino acid fertilizer was
sprayed three times in the V4, R1 and R3 periods, increased by 27% and 16% respectively compared with the control without
amino acid fertilizer. The net photosynthetic physiological index, population light energy interception rate, nitrogen
metabolism enzyme activity and nitrogen accumulation of the two varieties were significantly higher than other treatments in
V4, R1 and R3 stages after three times spraying of amino acid fertilizer. The results showed that the application of amino acid
fertilizer could improve the photosynthetic capacity and nitrogen metabolism of soybean plants, increase the seeds number per
plant, and thus obtain high yield, and the highest yield was obtained by spraying three times of amino acid fertilizer at V4, R1
and R3 stages.

Keywords: soybean; amino acid fertilizer; growth period; photosynthetic capacity; nitrogen metabolizing enzyme activity;

yield; yield related traits
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Fig.1 Comparison on leaves net photosynthetic rates of different amino acid fertilizer spraying

treatments at different growth periods

2.1.2 ethet&E K2 Fon EARAT R FHEERA B 2R SRR RENAE &
W A BRI IS, P RS A AR B A A B Wi R X i i (B RS2 AN
A 80r [ CK 774 V4 3 R1EED R3
SS3V4R1EE R1IR3 HEE V4R1R3
60 - aagyz a a aala =
m £ NN ] \
g é{) 40
]
20 -
0
8-21 8-29

H /(A - H) Date/(month—day)



572 x

fal
»
5k

534

- (E
Leaf greeness
B (=)
) S
T

(3]
(=]

H /(A - H) Date/(month—day)

TE:A KRS 5B LK 9 5
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Fig.2 Comparison on leaf greeness of different amino acid fertilizer spraying treatments
at different growth periods
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Fig.3 Comparison on leaf area index of different amino acid fertilizer spraying

treatments at different growth periods
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Table 1 Effects of amino acid fertilizer treatment on photosynthetic traits in soybean
HAE Jea B bR it FE Ak B i JEAE AL x i el
Growth stage Photosynthetic index Fertilization treatment Variety Fertilization treatment x Variety

V4 N R % % % % ns

T T BR i £ sk G ns

{2 ns ns ns

R5 AR % % % % ns
R . . s

{2 ns ns ns

R6 ot " s . ns
W T RR i B ® sk % % s

-2 ns ns ns

T FORFAEREER(P<0.05) 5 * » TR BEER(P<0.01) ;ns FRBA REER(P>0.05), T,

Note: # indicate there is significant difference at P <0.05 level; * # indicate there is extremely significant difference at P <0.01; ns indicate there

isn’ t statistically significant difference at P >0.05. The same below.
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Fig.4 Comparison on nitrate reductase ( NR) in soybean leaves of different amino acid fertilizer

spraying treatments at different growth periods
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Fig.5 Comparison on glutamine synthase ( GS) activity in soybean leaves of different amino acid fertilizer

spraying treatments at different growth periods
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Fig.6 Comparison on glutamate synthase ( GOGAT) activity in soybean leaves of different amino

acid fertilizer spraying treatments at different growth periods
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Fig.7 Comparison on glutamate dehydrogenase ( GDH) activity in soybean leaves of different amino acid

fertilizer spraying treatments at different growth periods
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Fig.8 Comparison on nitrogen accumulation in soybean plant of different amino acid fertilizer spraying

treatments at different growth periods
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Table 2 Effects of amino acid fertilizer on nitrogen metabolism enzymes and nitrogen accumulation in soybean leaves
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Table 3 Effects of amino acid fertilization treatment on yield traits of soybean at different growth stages

4% 8 5 Shennong 8

A2 9 5 Shennong 9

Ak AR kIR AR HRLE BARRIERL BARRRLEL
Treatment 100-seed Pods number Seeds number 100-seed Pods number Seeds number

weight/g per plant per plant weight/g per plant per plant
CK 23.66 +0.54 a 59.30£6.71 a 97 £7.81 ¢ 17.20 £0.74 a 76.40 £1.26 a 146 £3.79 ¢
V4 23.08 £0.96 a 60.30 +5.28 a 105 +5.51 be 17.19 £0.24 a 77.10 £3.63 a 151 +1.53 ¢
R1 23.97 £0.60 a 63.60 +4.23 a 110 £2.52 b 17.53 £0.47 a 82.30+4.42 a 161 +6.51 b
R3 23.61 £0.98 a 61.50 +4.42 a 110 £2.52 b 17.03 £0.80 a 85.60 £6.53 a 160 +3.51 b
V4R1 23.81+0.24 a 60.50 £2.54 a 113 +6.00 b 17.27 +0.68 a 78.40 £0.42 a 160 +0.58 b
RIR3 23.86 +0.37 a 62.70 +4.73 a 112+3.61 b 17.40 £0.95 a 81.40 £6.11 a 164 +4.58 b
V4RIR3 23.77 £0.81 a 64.03 £5.67 a 125 +3.51 a 17.56 £0.86 a 85.50 £5.30 a 184 £4.36 a

TE : [ SV A Rl P RERORTE 5% /KR B35 22 5%

Note ; Different letters after the same column of data indicate significant differences at the 5% level.
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578 x

fal

B >

3 iFig

YA REENSR D, CAEEHEEZ
REEMEM. AR RY, 2RI AT LI &
MG E ROCR LA R IR, B P H R
TR PSR H G B A 2E R0 DL KRN H oy
(2RI E S B E A BE T R B, LR
FHRT LUR 5 35 hn oK Sty S 3R 1, T AS B 5
Sz R AN [v) 2 35 g I v P Ak R R S R
1B 5% R 2 [ A I 35 A8 4k (R B (O A
A B AR AL B 4 =, b VARIR3 4k
PR i

AR 2 20 T e A = o AE 4R R AR
Py ik 5 R 0 BRI g AR % U0 A
Ko BHER IR JFERE A% H1 NO*™ 34 JF Ry NO* ™, fif A
A LA T o T O A T A D R O e ok A Y AR
AR S A T o R A B B T ) A )
PEFI AT LA NH* 75 B 23 S 0k e A4 280 R 45 A Bl
R AL e R S, G 4% 20 R i U ( GDH) i 3]
THRIBVER o ACHESE K B, A6 A [7] 48 5 W JIE 4k
FHT i R T A SRR G L A R B R
MA AR AR S B8 R ES
FxF R, Hor VARTR3 Kb B % il 7% M f v, AS TRl
SER E b BE P AT DL E WO A KRR, Hop
VARIR3 ZbFE 1Y A & PR 5 A i, Ul W] &K 3 il
MR SR YA Z R, AR FIEY
PR RSN

VEYI =R I S SE bs b2 AL R R iz
e R BE R 3 A2, Hotta 252 g Ltk 6 F
AN ] 2 BRI R 2 VR 9 7 B AT R GE , TE
BN KA B KGR AR AT E o A i
GIEMR AR S 32 5 7 i, Soares 257 % B 4 4t
FRIR G (4 218 . E MR | H 2R A 2R R
ZURR) PR AT DU R AR B AR R Ty, E AT
SRR R Wi R R A K R B A
BENEHEN, LR AR K E R, A
58 HAS [7) 2 3k 2 Ak Ak B 2 T LR R 7= i
FhewE, ERH b B R R £ e i i 2, o
VARIR3 b B Y7 5 i ey , 38 7 8 A oy, AN TRl K 5L b
oot Mt 2 R PR IS £ o0 7 A7 AN [, T A 8 5 ik
4 9 B 43 Bl L G BE R 7= 29% F1 26% , Hohik e 8 =
(R P IR e T kA 9 5

4 s

ABIFFEAE R AN [F] A= 7 I S 8t AS [ R
FEMACALPE, A ] 4b BN SR - Y B R
Horp VA RT A0 R3 39355 W53 it 2 K5 I A P 14 7™ B e
o, VEAE 8 5 AL AL 9 5 73 i) L Xk S 7 29% Al
26% o BIERRALA R T 5 i e 1) 2R AR I
EABETT RO RERCIR A | UG A 5C il 15 1 A1
R TR G, DT AR AR A ) AR 2R T,
MORRAR 7 , e kPR A5 LU . BIFFE 4 2R 3%
BA7E V4 R1 AT R3 W14 miti 1 ok e ZEMAE i3 734
Reflf

&% 3k

(1] PERRKH, EHe, 500, . BT HR 0 SRR X /N 22 A K
FraRi R [T, T B RO WF5E, 2017,35 (2) ¢ 21-24.
(PANG Q Y, XUAN Y L, CAI X, et al. Effect of cottonseed
amino acid fertilizer on yield and growth of wheat[ J]. Agricultural
Research in the Arid Areas, 2017, 35(2): 21-24.)

(2] SKERK, R, RAT, 45 B SRR R AE AL 7= o 09 0 3
[J]. gelb kR EWF5T,2014,4(6) . 4849, 55. (ZHANG L Q,
YANG Y L, ZHU Z, et al. Application of amino acid fertilizer in
production[ J]. Journal of Agricultural Catastrophology, 2014, 4
(6):4849,55.)

[3] YEO AR, CAPORN S J M, FLOWERS T J. The effect of salinity
upon photosynthesis in rice ( Oryza sativa L. ) : Gas exchange by
individual leaves in relation to their salt content[ J]. Journal of
Experimental Botany,1985,36(8) : 1240-1248.

[4] FEF. KRERIDCHIER AL KSR BFED].
MR ZRAb 4l K 2%, 2008. (ZHENG B X. Study on
inheritance of apparent photosynthesis and its relationship with
yield in soybean [ D ]. Harbin; Northeast Forestry University,
2008. )

[5] ASHLEY D A, BOERMA H R. Canopy photosynthesis and its
association with seed yield in advanced generations of a soybean
cross[ J]. Crop Science, 1989, 29(4) . 1042-1045.

[6] MORRISON M J, VOLDENG H D, COBER E R. Agronomic
changes from 58 years of genetic improvement of short-season
soybean cultivars in Canada[J]. Agronomy Journal, 2000, 92
(4): 780-784.

(7] Wb MBI RIS HLRI B (D] IR
ZRAb Akl k2, 2020. (CHANG W. Study on the mechanism of
salt tolerance of arbuscular Elaeagnus angustifolia seedlings[ D ].
Harbin: Northeast Forestry University, 2020. )

[8] kM A7 24H 8RR, 55 M LR AL R AR 4 T 8
JHYLE IO Je LS AR Wy PRS2 [ ] 32 4i, 2007
(4):689-694. (ZHANG S S, YANG X M, HUANG Q W, et



534

KNG = S8 - T IS it Y SR o 408 %o oA 7 2 BRI 7 e 1) S

579

[10]

[12]

[14]

[15]

al. Effect of application of amino acid fertilizer on biological
properties of cucumber plants and soil microorganisms under
continuous mono-cropping[ J]. Acta Pedologica Sinica, 2007 (4) :
689-694. )

VBT, T, e S PRI T IS H G = S Aot
AR SBR[ T]. B sl KA 2240, 2011, 34
(3):3743. (SUN X E, SHEN M, WANG Z H, et al. Effects of
two leaf fertilizers on photosynthesis and fruit quality of kidney
bean in solar greenhouse [ J]. Journal of Nanjing Agricultural
University, 2011, 34(3) . 3743.)

ke, EAR, XME, S EFERRM AL X AR AR SV Y
S T]. R AR BB 2 2 3, 2017, 37 (1) 2 69-75.
(ZHANG L, WANG S, LIU J, et al. Amino acid foliar fertilizer
effect on Zizyphus jujube flowering photosynthesis[ J]. Journal of
Central South University of Foresty & Technology, 2017, 37(11) :
69-75.)

B, WL, I P. EAERIUE R EM RO A EN S
PRI T]. B RS R, 2012, 35(4) ¢ 15-20.
(DUAN C H, SHEN M, ZHANG Z P, et al. Effects of amino-
acid fertilizer on leaf photosynthesis and yield of soybean [ J].
Journal of Nanjing Agricultural University, 2012, 35 (4):
15-20.)

XTLEE, BRI, VE R ALA X EAOCA1E R &S
Pria ARG R [T ], PUALAE Y -4z, 2006, 26 (1) : 57-62.
(LIU W Q, KANG L, WANG L J. Effects on strawberry
photosynthesis and relations to anti-oxidant enzymes of ALA[J].
Acta Botanica Boreali-Occidentalia Sinica, 2006, 26 (1 ):
57-62.)

B, B, TERS. 5-2H BRI ZERMIE R
e R BT AL RS P2 [T ], PY L ¥4, 2006,
26 (11). 2297-2301. (KANG L, CHENG Y, WANG L J.
Effects of 5-Aminol evulinic Acid( ALA) on the photosynthesis and
anti-oxi dative enzymes activities of the leaves of greenhouse water
melon in summer and winter [ J ]. Acta Botanica Boreali-
Occidentalia Sinica, 2006, 26 (11);2297-2301.)

TEIXEIRA W F, FAGAN E B, SOARES L H, et al. Seed and
foliar application of amino acids improve variables of nitrogen
metabolism and productivity in soybean crop [ J]. Frontiers in
Plant Science, 2018, 9 396.

ZEni. IR A T K A IS KT 538 S R 1 B R

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

WA 22 5% [ D], le#R: pUI el K2, 2017, (LI Q.
Differences of maize cultivars with contrasting nitrogen efficiency
response to nitrogen level and management on nitrogen uptake and
utilization[ D]. Chengdu; Sichuan Agricultural University, 2017. )
HSFIP. RELROR) JH R R A ARG S PEAT S [ D . i
IR FAbgel K2#, 2008. (DONG S K. Study on the law of
nitrogen absorption and utilization and related enzyme activities in
soybean[ D].
AR, VFE, ZER0R, A MR A AR R BOR DT
BRI A AR ERE, 2016, 6(5); 312-318. (ZHANG S,

XU Z C, LI JJ. Advance on carbon and nitrogen metabolism and

Harbin: Northeast Forestry University, 2008. )

regulation of tobacco[ J]. Current Biotechnology, 2016, 6 (5) .
312-318.)

MR, 2, RAERT, . KRR AR A U R TS
PEFNEBT L BHETE[T]. A=, 2000, 42(5) : 471475,
(LIN Q H, LI CJ, ZHANG C F, et al. Comparative study of
immunological properties on glutamine synthetase isozymes in rice
plants[ J]. Acta Botanica Sinica, 2000, 42(5) : 471475.)
ALESSANDRO M, LAURA E, MARCO M, et al. Post-anthesis
accumulation and remobilization of dry matter, nitrogen and
phosphorus indurum wheat as affected by soil type[ J].
Journal of Agronomy, 2007,26; 179-186.

PANG X L, YANG Y M, YU C L, et al. Crop management for

European

increasing rice yield and nitrogen use efficiency in northeast China
[J]. Agronomy Journal, 2015, 107(5) : 1682-1690.

HOTTA Y, TANAKA T, TAKAOKA H, et al. New physiological
effects of 5-aminolevulinic acid in plants: The increase of
photosynthesis, chlorophyll content, and plant growth [ J].
Bioscience, Biotechnology, and Biochemistry, 1997, 61 (12):
2025-2028.

SOARES L H, DOURADO-NETO D, FAGAN E B, et al
Soybean seed treatment with micronutrients, hormones and amino
acids on physiological characteristics of plants[ J]. African Journal
of Agricultural Research, 2016, 11(35) ; 3314-3319.

WS, BER, BYL, F. AIER S SRR R
SREK LEFRMTMEm ] B3, 2021 (7): 28-31.
(JIANG S R, MAO L Z, ZHAO K, et al. Effects of amino acids
fertilizer and humic acid fertilizer on growth and nutritional quality
of lettuce in soilless cultivation [ J ]. Vegetables, 2021 (7):

28-31.)



