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Effects of amino acid fertilizer and rhamnolipid
on salt tolerance and yield of tomato
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Abstract: Moderately saline soil was used as the test soil and Provence tomato varieties were used as the test
materials to explore the effects of different ratios of amino acid fertilizer and rhamnolipid on the growth and develop-
ment, salt tolerance and yield of tomato. The results showed that under the condition of conventional fertilization in
moderately saline soil (nitrogen phosphorus potassium compound fertilizer N : P,0, : K,0=20 : 10 : 15 basal ap-
plication, high potassium compound fertilizer N : P,0; : K,0=10 : 5 : 25 follow-up application) , the application
of amino acid fertilizer alone (irrigation of 300 L + hm™> amino acid fertilizer) significantly increased tomato proline
content, with a 13.9% increase compared to CF. The combination of amino acid fertilizer and 24 L + hm™* rhamnol-
ipid treatment could further improve tomato salt tolerance and reduce cell oxidative damage, compared with the ap-
plication of amino acid fertilizer alone, this treatment significantly increased peroxidase activity and proline content
by 31.4% and 20.6% , respectively, and the rate of superoxide anion (O, ) production, malondialdehyde content,
and Na*/K" in leaves were significantly reduced by 23.8%, 26.6%, and 43.0%, respectively. Meanwhile, amino

2

acid fertilizer applied with 24 L - hm " rhamnolipid treatment had the highest tomato yield, soluble sugar and Ve

content, which increased by 38.5%, 14.2%, and 18.2%, respectively, compared with amino acid fertilizer applied
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alone treatment. Overall, 300 L - hm™> amino acid fertilizer with 24 L + hm > rhamnolipid has the best effect, which

can effectively alleviate the damage of salt stress on the cell membrane, improve the osmotic regulating ability and

leaf photosynthesis, and then enhance the salt tolerance of tomato to achieve a synergistic enhancement of yield and

quality.
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Table 1 Soil base indicators in the test area

rHUR 2% WA AR HOH iy
pH Organic matter Total nitrogen Alkalihydrolysable ~ Available phosphorus Available potassium Salinity
/(g kg™) /(g-kg')  nitogen/(g-kg'')  /(mg-kg) /(mg - kg™") /(g kg)
8.4 10.28 0.49 55.87 15.59 138.75 3.9
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Table 2 Fertilizer inputs in each treatment

ALAE Chemical fertilizer

FHEER AR+ AR Amino acid fertilizer + rhamnolipid

b R E%Hlﬂ%ﬂﬁ . %@?’E%HEEHE_ ' ﬁ%@ﬂﬁﬂ ﬁi?*%ﬂ‘a il 1
Treatment ~ NPK compound fertilizer High K compound fertilizer Amino acid fertilizer Rhamnolipid Rutic
base fertilizer/ (kg + hm™2) topdressing/ (kg - hm™2) /(L +hm™) /(L «hm™)
CK 0 0 0 0
CF 750 150 0 0
CFA 750 150 300 0
CFR 750 150 0 6
CFARI 750 150 300 6 501
CFAR2 750 150 300 12 50:2
CFAR3 750 150 300 24 50: 4
CFAR4 750 150 300 30 50:5
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Fig.1 Effects of amino acid fertilizer and rhamnolipid on tomato biomass and photosynthetic characteristics
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Fig.2 Effects of amino acid fertilizer and rhamnolipid on oxidative damage in tomato leaves
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Fig.3 Effects of amino acid fertilizer and rhamnolipid on salt tolerance of tomato
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144 T2 XAV AR5 42 %
2007 A q 47 40
A B (©) a
(A) L T (B) abe ja: ab o o ab
~ :b: = be be be %I —/ ~ b b p b b :aE —_
‘= 150t cd d:CI: g 3= o 230 I = == ==
= d c 2 ) =
o =2 b ¢
< 100} RS 5 £ 20
3 ) e =
o e 'L'HE
>~ = e 2
i el =1
- 50 = ] 3 10
3 0 o
= >
P 1 P PO I R 1 O P 1 ol 1 1, B 1 1 I P 1 PO O 1 O 1 O I 1
F ST TP F T FT PP L L ST T oL P

Sl PN od
STETET &
Ab ¥E Treatment

QQ?"QQY‘ CQY’ Cj(?’
4b ¥ Treatment

Sl PN ad
STET & &
Kb # Treatment

B 5 SEBRIERIANRZHERE X & A B s R R

Fig.5 Effects of amino acid fertilizer and rhamnolipid on yield and quality in tomato

AT UL, POD 35 P4 X5 7= S 14 (8] 422 5 i) g o, ol [ 422 38
R BON 0.9944 | J o =5 0 18] 322 BT pik e/, A
(B FE3E A2 R BCR 0.6277, AR F MDA FlihE
b XoF 77 1) — 7 A ] 24 TR 38 12 R A0y
12 -0.6796 ,~0.7190 F1-0.8923

30w

ROS K B B0 M ™ A= i g fb B4, MDA
TR NG I E A B L T W, WA B T e Y R B A
MRz, FEGE TN R R, B — it
AR LKL (CFA) 1R ZEREAR (CFR) 0] 76 A8
)RR R v T S T T v 0 2R 5 o, R
JF MDA F1 07 =R — 5 T ] fig & 2 2L R Tkt
Tt A 35 A R T AN R, B SR
it 2 R AT ) 1 27 ol a6 S A AR I AT I,
R P A B o— 3k O R I ] 4R v 7 b
ot 55—, AR A R IR T A i AR 1Y)
A AR TR A 3 IR 4R S POD TR ED
I ERRER TR B BT YR, © 0 R AE Ry i e
B S 5, R 20 I S A 3 i A R 37 4 i
Ry S PE) ) R, CFA ZbFRrf MDA &4 07
7 A R AR T S R T R R PR R 08 B L At
i, JEIT7S 3 Do AR 8 7= A, I3 ok 4 R P R
PR 1 R 85 R 1 VR 2 = A A T R RE . 1
FEAE S g IRIRE R I, AN R nT B w5 /N 1 3R
F POD TEVEFIH &R & &, D2 i A AL 047, 34580 /)N
FISRl i Eh v, AR5 &I, 55 B0 AL A L,
B — it ] BRSO i Ak T 4 v 7 T S —
SEVEF, 3 T R 2 A R B2 W G 1 hy 3 10 3% 1 771
AT DL o 34 i A4 RS %) 38 375 P Ok A1 2E Il 1) R, I
Xof it ke e LA R VE RO RS O A A
SN, B T R W AT BE % R a0 R A 1
SYUHESE R FRR T RS AEY) B B e R4, 1R

®3 HMETEEBRIERSFENEESN
Table 3 Path analysis of various physiological indicators

and yield under salt stress

5 Y i o
"R ARG R B HEGEERE  BEEsER R
Index Correlation DPC TIPC
coefficients
X, 0.9710 0.2650 0.7055
X, 0.9340 0.2700 0.6639
X, -0.9020 -0.2220 -0.6796
X, -0.7550 -0.0360 -0.7190
X; 0.9810 0.0240 0.9564
X 0.9640 -0.0310 0.9944
X; 0.9700 0.3420 0.6277
X -0.8160 0.0770 -0.8923

TE X B X, o G A X, B A T 5 X, . MDA X
ISR s Xg : POD W1 5 X,  SE T8 5 Xg AR LE s Ve = i

Note: X, : Chlorophyll content; X, :Net photosynthetic rate; X;:05"
production rate; X, : MDA; Xj:Proline content; X, :POD activity; X :
Fresh weight; Xg:Na®™/K"; Y:Yield.

rpTPE B — it FH e R AR Ak B b DL a3 R I R
XoF e 73 TS e P 118 5 M 2850 R A A 1T 2 35 e A e R B
ZEWENG LT — 28 G2 T Eh 0 X T i 0 1 E R B
HARE A L CFAR3 Zb PR fef . X nl g2
PR — it A R3S BRI & 4 38 w0 PR
VEFR M5 1 AR 22 200 B %) 30 5 v |, 0F 1T 412 1 AR R
X LR A W

TEERIA T, e BE Y Na* FEAE Y 40 i rp R 2R
BZGRRNFEAKOY, S S T RSN, K
JopaE R A A O AE L AR T K i S
PEZ 0] A7 A AR SR IE AR DG Bk, A A
Na*/K* i 2 £ = Lt 52 55 W30 7 5C 5 5% g 22
— P R UESE , S, Na® 726 HE ) 40 i F 2 2
AR B Na® 1K' 55 9 45 4 07 85, T U
AEPIRT KRR AR SE R, it FH A IR R



555 3]

JURT JRAS A L R AR AN B 2 i Tt o 2 731 e 1 R ) R ) 145

NEAHAT R PRI REAS K (I8 i 7 P 19 Na /K™, 3
A 2 1 JIE R R 2 i Ak B T LA - S R 5t Al
FAFT YRR TR, HE M S B T RE . Yang
SEOTHE Y Na® 19 Y8 96 X B T 2 A A1 5k vk B T A
Y2 i s 12 M ) 2 2L, 40 M BT R Na®™ A9 k2>
AR AR, RIARBFSE it Jr Na™ 1R AR AT
A Fh T2 0 2 R ol R BN 97 K T AR R A i
HALER Na" (306, A TTRZD T Na® ) A (9 %2
K" 522 A& A BRI Z O R ), ATk
B, KT B o i TR I it T T 2 i e 2l 05 e, )
FAA R P SR IR AT HE AR
i, FBEE R A K AR O ¢ A7 £ 1 B[R] £
FIPT T R R MR RHE f R K i e,
FRASWIENR O 9 UE 92 BB S RS BRI /K TP iy Na™ 2%, L
FIRTIF8A 5 T BN 40 fr 78 #5351 = 2% 1 F 1%
IS Na™ Fs . KT B9 R4S B, & 2 ik — 2 i 5E A

AHIFFE R, H it 2 AR AT LRI B2 R S —
A BC A Il T 3% ] e 2 i AR R O'E  AE AN 3R 20 5
e, ZIEMNLEL A Z I RRAE 9 A HIL A IR AN Bk IR
AR BRI T, o Bk AR AR A KT
MR IR SRR B R YR R
AV, B O, rT R P A QI RE T, 2w Am ik
MfEhAE ™ o VAR IR R I SR S
P AR 498 2045 T ke SR A A8 % 0B 440 % 0 8 WA WA )
o WFFERET H & T LA A ) e )2 2 A
LR A A A AR A B s AN
QIR NERIALSE =y T F i H 2 W A W, i mT
i F g PS IUROR L DA 27 R0 (8 S
FC A2 AN B4 355 P 75 3 B S R, 2 T o
R 2 S R RO AR L AR A & T
DA e 5L, e it K e i) 55 4 AL A0 i e 3R 2
F PR B SR A A O, R
RN P 32 7K AT AT e e 8 o k- e R K A | AR 0
BB AR MK 2B SRR 2 D Ch
a/b—pro S AN A B, AT 55 - R 2 427
5 B Y 2 RE R I R B2 R A L, B BE 1R I
PHECTHEA [7] e BE RS ol i — PR s AOE &
FIHR R SR o0 E5 d, X AT AEJE: A Oy Bt Ak B4 A e
AR, 0 3 a0 D't 3R 23 B4R e S Y T A
BT EA B NACR R0 XA A B A B
TR Sta R R B R E N R
— U GUREIR AT RL AN BRI N S = P 7 A [
JE AR TR a T, O A i A R B Y
TEEBE T AR, AP R B, 5 Bt 5L R LR AH

o, H5 24 L« hm ™ RS BE A B T 2 35 48 v 2 i
Fra XA AN R AR R IR bR e ) B
AR

Ve F AT 3 1 2 TF A SR 50 5 Y 3 2 4R
PR NG AR DT A B A SR R T 4R
EA A TR AT TEREA Ve S, SRR A A R, &
FETR AL AN BR 2 WA AE o 1 0 SR s Ve AT i
PEWE B, 33X 0] BB 2 R T 2 (R | A B A 2R
WY S T, i 2 3 R AR R R 2 0 i B Ry
BT R R i, AN AR S S e R
B FLRDS 54N BRI R A B Ak N — 28
B Ve 5 %) 28 38 32 B, AT R AR 2R 5
Ve S8 PRI, ZIE R IR R B2 1A -t mT i
IR HE Ve JCBERG Y2 TR 1w RS T

4 4 i

FEH R R R U AR AR E T, A SRR AR
FVEL 2= 5 357 A8 6 AN [R) B2 B I 4% iR 2% on i 6
it A B v DA S 1 A A X e ot AR K AR e, &
FE R AEL it (At 2 FERR AR R 300 Lo+ hm ™) B0H
R E 5252 1 13.9% IR RR & &, T A LR A
RS R TR e R B 20 B it nT A — 25 40 7 A
R AL A, L300 Lo+ hm A& IR AR
Bt 24 L - hm ™ BRZEHEAR (50 « 4) SR B3,
5 5 I R it A b, i A BT O L )
(POD) {if P F I 2 2 & 53 ) 35 19 31.4% Fn
20.6% , W Fr R AU B B A R T R AR R
Na*/K* 351 5. 3 FE A% 23.8% .26.6% Fl 43.0% ., [
I, 2 R E ARG 24 L - hm 2 L2 RS A0 3 19 T
B AT Ve B i s, B e SR R I kL
it b B4 53] i B A T 38.5% 14.2% F 18.2%

2 % 3 k.

[1] DALIAKOPOULOS I N, TSANIS I K, KOUTROULIS A, et al. The
threat of soil salinity; a European scale review| J ]. Science of the Total
Environment, 2016, 573. 727-739.

[2] e, Ji%ide, 2RI, 4. SNEORS XS ERINE R 2sRDb & R
LR NIRRT ]. PR, 2022, 49(2) : 378-3%4.
YANG N, WAN Q W, LI Y M, et al. Effects of exogenous spermidine
on photosynthetic characteristics and gene expression of key enzymes
under salt stress in tea plant[ J]. Acta Horticulturae Sinica, 2022, 49
(2): 378-3%.

[3] QIN C, AHANGER M A, ZHOU ], et al. Beneficial role of acetylcho-
line in chlorophyll metabolism and photosynthetic gas exchange in Nic-
otiana benthamiana seedlings under salinity stress[ J]. Plant Biology
(Stuttgart, Germany), 2020, 22(3) . 357-365.

[4] FEU, TP, RABIR. AEFI S HRIM0 X3 b 4l v s £ 1 ) 5
[J]. FEZ24], 2018, 45(5) ; 887-896.

CHENG B, WANG W H, WU Z D. Effects of non-uniform salt stress



146

T T XA TS

o542 &

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

on salt tolerance of tomato seedlings[J]. Acta Horticulturae Sinica,
2018, 45(5) : 887-896.
DEMIRAL T, TURKAN I. Comparative lipid peroxidation, antioxidant
defense systems and proline cintent in roots of two rice cultivars diffe-
ring in salt tolerance [ J ]. Environmental and Experimental Botany,
2005, 53(3) : 247-257.
FENG D, GAO Q, LIU J, et al. Categories of exogenous substances
and their effect on alleviation of plant salt stress[J]. European Journal
of Agronomy, 2023, 142 126656.
ERTANI A, SCHIAVON M, MUSCOLO A, et al. Alfalfa plant-derived
biostimulant stimulate short-term growth of salt stressed Zea mays L.
plants[ J]. Plant and Soil, 2013, 364(1) ; 145-158.
VP, #5E, 250, 45 A @ SERIUEREBORRT NaCl e /A
ST UM A R W [T]. mYEFR SRR, 2018,
24(4) : 992-1000.
XU M, YUAN L, LI W, et al. Effects of a fertilizer synergist contai-
ning compound amino acids on seed germination and seedling growth of
pakchoi under NaCl stress[ J]. Plant Nutrition and Fertilizer Science,
2018, 24(4) : 992-1000.
W, W, R, A5 EIERIRX BB dA T O A
PSR FRIEIAL ], BRI RE2AAR, 2013, 36(2) : 31-37.
XIE L, CHENG X H, FENG X X, et al. Effects of an amino acid fer-
tilizer on the leaf photosynthesis and fruit quality of “Summer Black”
grape[ J]. Journal of Nanjing Agricultural University, 2013, 36(2):
31-37.
ZHAO F, WANG B X, YUAN M L, et al. Comparative study on an-
timicrobial activity of mono-rhamnolipid and di-rhamnolipid and ex-
ploration of cost-effective antimicrobial agents for agricultural applica-
tions[ J ]. Microbial Cell Factories, 2022, 21(1) : 221.
VRHHRR, (TEZER, 255, A5 ANIR) 2SRRI it L v I L
FEARKREM T ). A IRETR AR, 2023, 42(10) : 2301-2312.
XU SHI Q, HE Y Z, LI R, et al. Effects of different amendments on
salt tolerance and growth of watermelon in saline soils[ J]. Journal of
agro-environment science, 2023, 42(10) : 2301-2312.
HU K X, XUS Q, GAO Y Y, et al. Choline chloride and rhamnolip-
id combined with organic manures improve salinity tolerance, yield,
and quality of tomato[ J . Journal of Plant Growth Regulation, 2023,
42(7) . 4118-4130.
HER, tadE, O, S BT AT BOE
FRIK RIS T ], ALIbE 22, 2023, (18) « 43-53.
HAN Y X, YANG F X, YUE H F, et al. Analysis of tomato quality
and water use efficiency of facilities under the control of submembrane
drip irrigation water[ J]. Northern Horticulture, 2023, (18) ; 43-53.
ZEYh. POt I A= MR T T B R AR [ D). KRN 3o
R, 2020.
LI'Y N. Screening and application effect of growth promoting and salt
tolerant bacteria in greenhouse cucumber [ D ]. Zhengzhou: Henan
Agricultural University, 2020.
- B R AT [ M. dbat: R AL, 1999:
266-271.
BAO S D. Soil and agricultural chemistry analysis [ M ]. Beijing:
China Agriculture Press, 1999. 266-271.
R, R, BEM REUCRE A AR R M]. L
e PR T RA:, 2007; 143-144.
CAO J K, JIANG W B, ZHAO Y M. Experiment guidance of posthar-
vest physiology and biochemistry of fruits and vegetable[ M]. Beijing:
China Light Industry Press, 2007 143-144.

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

CUIDJ, YINY, WANG J Q, et al. Research on thephysio-biochem-
ical mechanism of non-thermal plasma-regulated seed germination and
early seedling development in Arabidopsis[J]. Frontiers in Plant Sci-
ence, 2019, 10. 1322.
KISHOR P B K, SURAVAJHALA R, RAJASHEKER G, et al. Ly-
sine, Lysine-Rich, serine, and serine-rich proteins; link between
metabolism, development, and abiotic stress tolerance and the role of
ncRNAs in their regulation [ J]. Frontiers in Plant Science, 2020,
11. 546213.
EL MOUKHTARI A, CABASSA-HOURTON C, FARISSI M, et al.
How does proline treatment promote salt stress tolerance during crop
plant development? [J]. Frontiers in Plant Science, 2020, 11: 1127.
ADETUNJI C, OLOKE J, KUMAR A, et al. Synergetic effect of Rh-
amnolipid from Pseudomonas aeruginosa C1501 and phytotoxic metab-
olite from Lasiodiplodia pseudotheobromae C1136 on Amaranthus hy-
bridus L. and Echinochloa crus-galli weeds [ J ]. Environmental
Science and Pollution Research International, 2017, 24 (15):
13700-13709.
HELLE S S, DUFF S J, COOPER D G. Effect of surfactants on cel-
lulose hydrolysis [ ] ]. Biotechnology and Bioengineering, 1993, 42
(5): 611-617.
TS5, dwArsh, RICR, 45 BRI ORI ]
Aol TAFAR, 2023, 43(16) ; 109-111.
XING F F, MENG X K, XU W F, et al. Studies on the application
ofRhamnolipids in agriculture[ J]. Applied Engineering Technology,
2023, 43(16) ; 109-111.
WU H H, ZHU M, SHABALA L, et al. K+ retention in leaf meso-
phyll, an overlooked component of salinity tolerance mechanism: a
case study for barley[ J]. Journal of Integrative Plant Biology, 2015,
57(2): 171-185.
SOFY M R, ELHAWAT N, ALSHAAL T. Glycine betaine counters
salinity stress by maintaining high K*/Na* ratio and antioxidant de-
fense via limiting Na* uptake in common bean ( Phaseolus vulgaris L..)
[J]. Ecotoxicology and Environmental Safety, 2020, 200, 110732.
YANG Y Q, GUO Y. Elucidating the molecular mechanisms
mediating plant salt-stress responses[J]. New Phytologist, 2018, 217
(2): 523-539.
BRI, SV, 30, % Y - HHERG SR L
SEHAERIRFTERET]. 15, 2019, 51(1): 1-10.
XUE X X, WU X P, WANG W B, et al. Progress ofpotassium, mag-
nesium and their interaction in plant-soil system[ J]. Soils, 2019, 51
(1): 1-10.
MARTON MENENDEZ A, NESBITT D J. Ionic cooperativity between
lysine andpotassium in the lysine riboswitch: single-molecule kinetic
and thermodynamic studies[J]. The Journal of Physical Chemistry B,
2023, 127(11) ; 2430-2440.
MUNOZ C C, BASSI A, LIU L. Investigation of micellar-enhanced
ultrafiltration ( MEUF ) using rhamnolipid for heavy metal removal
from desalter effluent[ J]. Canadian Journal of Chemical Engineering,
2022, 100(9) : 2322-2330.
SRTA. A Mt - 3 e R FRDXT R b e R B KA 7 1 5
[D]. LFH: PR, 2020.
GUO F H. Effects of chemical fertilizers combined with soil amend-
ments on saline soil improvement and rice yield[ D]. Shenyang: She-
nyang Agricultural University, 2020.

(F#£% 166 M)



