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T TR G TIRE BV 700 sk B A s ) Ak
A SA) IR Wi s i e R A
RPEN S SRR g R B, H AR A R R L 9
SR SRR IR A WO BE 2 B T AR Y B AR,
5 PP R A L, 3 b T A5 it Ach AR AR 1 A I K
PR T 48. 2%, B AR E IR T 14. 6%,
AN, T RURUEE S BIFSE A 30, A Tt 0 4 5 1R 5 TR S
TRA WA RERE 0 /I (2288 W 5, ind ELXT /N 38
Az e T R 43 A ) 8 o [ B LA A S ) AR
ER, BERERE T/ FAIY S T RR
A BCi O B 2 s s, (B & WA SNy T LY
UL A FH X VR A KB R T, IR, MR 5T
GILRRE /Ny T ML 5 00 BC A Bt 1) 107 FH AR, AR
o A R TR R N R A S R A by Pt S R,
LI 22 32 R bl 0 et Ak R, BR 9T 3 Fh R
AL A it Xt i 22 3 A K B ORTBE 3R R i, LA
WAL WA HLE SR 2 o 2 B R 5 G 45 Mot i X i
22 A KRN 37 A0 R FHRCR , h BU A AL 57
TBIF A LA K22 it P A A 42 (A B 3

1 #REFE

1.1 RIEHRLS RIS MR

RIS T 2019 4FTET AR B R FL= Bl BT 5
BT i N 2= 04T, b ia I 22 3 R O B T A
T RA RO PL 2= BB e P fe i, + g
B ORE BE BT -, & A ML 70. 6%, B MR A 352.5
R 44.1 mg - kg, A RLEP 1 528.4
mg-kg™', AR 0. 23 mg-keg™' ,pH{H 5.2,
1.2 REigit

TR AR B 11 b PR 4 B i
1% MR , 23 2 1R TN 2 R R R & R 45 1 3 1 Wil ke
J# (5,10 .20 mmol - L") 5 1% AR IR & Wit , I LA Hms
JiEIE K XS B CK) o BRASAbHEL 3 2%, B 20 A0 22 58
4B, BREAEHRMEL S ke, 2L 20 mL ARAERE( A N
200 g-L™', P,05 100 g-L™" \K,0 200 g-L™") , TR #
B 5 53 4 WA RE 100 A7t T, K it AL A ] 1]
10 d, BRI RS 2 565 3 56 4 Uit AT, g
Jiti 3 UK, AR B A I &) it 100 mL A PRI
1.3 MEMBSAE

WCH IS 5 b A R B Ry A S A i, R
I 5 45 RS B AL BB S5 4 5] B A R 6 BR, DR
T, —2F HEBOT & R DIRRIR SIS | T ] i
S R AR R i S S AR AR,

mg-kg ™',

rh RPN S D R SR P LR LU €53 5 2 1 o i
FE R B sE il G-250 ¥ ; A IR ER & e ok FH 45
ANZEWRIETY L 55— R 43 T A T
B Ml b FRET AR A B R A R A i M
ERHE R HIE A, R B A R R
B IR — ik S b ST AR B S R R R
e
1.4 HiEsH

K H SPSS 22. 0 Fl Microsoft Excel 2017 #4755
BAEse it 55381, 4 Graph Pad Prism 8 fEI&],

2 HRESWH

2.1 AERESERAGSMESBEIMEXE
Y= K 2T

FE 1 AT, 5 CK A L, B mss it 19 B9 5 ¥k
FHREYRA —EMK B EERANE, AER
VAS TR 5 T 5 Wt 5 T Tl 2 56 1 Mt it ok B
15, T2 SRR B AT R R

5 mmol - L™ 2% 5 2 — W3 it A BRI 22 32 42 43 )
A CK FNH BT 19% MR AL I T 4. 8% F11 4. 0%,
Wi 5 Tt 2 T W 8 T 88 3 Vi 22 S A W e R
%, Horr 20 mmol - L™ 48 22 B — W it b By 22 52 A6 ) it
A T B W 19 B R AL BE AT CK, B IR 43 ) A
13. 5% M1 12. 9%, 3 B 1 N 2 15 — W it A BB 22 25
AP A 2 T CK e it 19 W2 Ab 3, Bl %5
Mt AR T TR e R R e, VR B s e, 5 CK
AHEE,5 .10 #1120 mmol - L™ P & FR - WMt b By 27 A=
P PG IN T 9. 4% ; 5 F MMt 19 MR AL BEAR L,
PR -t A B A7 e A W e PN T 8. 6%, 5
mmol » ™" R4 54 iR — Wl st i Acb B il 22 S8 4 W1 0 R
CK FIEAI IS 19 BIFER AL PR 52 214 A0 T 6. 2% M1 5. 3% 5
Wi 5 T it R A R VR JEE 1 4 v T 2 SR B W e 8 S
mmol - L™" A& G iR — B st it Ak B8 4 225 R AIG L (H 5 CK LA
Je st 19 MR AL PETC o 25 5

CEEORT, B it 19% 0 R VA I 6 I 2 SR AR
TG 3 R 5 AR VR B R D (v i
PRV S T BC A W 2 o] 5 38 B R vl 22 S AR,
H DN R — B 75 W i X 9o 22 S 38 =V F B o BH
2.2 AERESERIESMEASBEMEXR
Al

% 1 AT, 5 CK Le, s ms it 19 B i Ak 2
XHMZ R BE A SR B, —HE RS
AL TRl KOV IR S WAL A WS RE 2 i
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= BEHEE K (CK)

w5 mmol L&+ 1 %HIER

===20 mmol L& EH+ 1 %Il
800

ez BT YRl R
== 10 mmol-L-EIEER+ | %ER

700

600

M YR
Above-ground biomass/(g-pot”)

7/

7777772272227

RER

FFHEM Amino Acid

T ARV NE TR R R R SR AN [ Ak 2
[l 225 0.3 (P<0.05) . T,

Note; Different lowercase letters indicate significant
difference among treatments of the same amino acid
at 0. 05 level. The same as following.

E1 FEAEXHEREMERZN
Fig.1 Effects of different treatments on

biomass of Lactuca sativa L.

e T 22 SR R T A, HA ) 2 2 R 5 00 T it 1
BORAFE—E 225, 5 CK M EL, AT v B 45 & iR -
B PR — B | K 4 R — I e b #3242 32 R
SRR T 15.3% 21. 4% 24. 1%,

5 CK M EE, B st 19 PR XM 2 Sl AR Eh &
EIC R (PR AR A W B SRR, 3 R kR Al
BT A5 W3 it 240 i 2 I AER o 22 S AR R & i, T AR
AL T — D 5 i Ak A AR UG i PR R R 2 SR B
i, 5.10,20 mmol - L™ K 4% 24 112 — 0 Mo it Ach 381 vply 22 =%
filR £ & & 4 W8 CK BRI T 23.3% ., 23. 6% Al
23. 8%,

M il — 5 VA B 2, I R — W Y 45 R B 5 it 1%
PR AL PRI AL CK 5 258 i 1l 22 S i ) Al Vs PR
i, Hor Bl S it 1 9% B R I Sk 2 S T s M
BCK $E 8 T 11. 9% 5 AN [R) 2 Jk i — i E 5 W it Ak 24
r A R — T i Ak P Sk 2 S T M S G 4R
TR AR AR, vV P & B CK S 33 m T
34. 6%,

F1 AEALIEXTHZ 5 R R
Table 1 Effects of different treatments on quality of Lactuca sativa L

IR TR e REATE fifs iR Eh CIRcai wutd
IhHE . . . o . .
Treatments Amino acid concentration Boric acid Total protein content Nitrate content Soluble sugar content
reatments /(mmol-L7") concentration/ % /(mg-g! FW) /(mg-kg™' FW) /(mg-g™! FW)

CK 0 0 9.25¢ 1 166. 52a 1. 09d
BAR-T 0 1 9.25¢ 1 157.48a 1.22¢
Clutamic acid 5 1 11.05a 1 136. 34a 1.22¢
and boric acid

10 1 10. 00b 964. 04b 1. 63a

20 1 10. 94a 1 139. 36a 1.55b
CK 0 0 9.25d 1 166. 52a 1. 09d
N R - 0 1 9.25d 1 157.48a 1.22¢
Alanine acid and

anine acd an 5 1 11.99a 904. 58b 1.49a

boric acid

10 1 11. 06b 849. 66b 1. 20¢

20 1 10. 64c¢ 1071.87a 1. 36b
CK 0 0 9.25¢ 1 166. 52a 1. 09b
KAEAR- 0 1 9.25¢ 1 157.48a 1.22a
Aspartic acid and 5 1 11. 14b 894.51h 1.08b
boric acid

10 1 11.92a 891.62b 1. 08b

20 1 11.37b 888. 46b 1.23a

ARG PR Rl R E R AN [RI A B R) 22 52 1 3% (P<0.05) , AL,

Note : Different lowercase letters indicate significant difference among treatments of the same amino acid at 0. 05 level. The same as following.

2.3 ARERESERA RS MBS B 0 E KR
HIMRERZNT
RIAR AR W AR SR BB A8 S sl il 22 S i

FeAKF- L 22 350 7 o Lt PR A A B R
2 AL, BTG 19 B RR AL B AL SR A R B BRAR
S5 CK JC W& 2 5, R WAL b il 4 B op g
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T XTI 22 S0 AL i B R 4 R S5 AR BT JC A e s
5 PRt 1% AR AL BHAH LL | AS ] Fb 24 2 3 iR — A T
S ROEATE RN P W L N b 3 A=
i — B | A2 — T R R 4 T — Tl i e A 38 9ok 2 5 8L
TR R B R 0E 73 50 9. 8% . 14. 8% ,13. 7%, AN [F]
PSS SR — A B & Wi Jite Ak 2 ,5 mmol - L' A& R -
RN R A& %~ A B2 10 mmol - L™ 75 222 — B W55 it 4o
P A2 S A B4 ) 2 i T R A S R At vk
LT it A B 2 ARG 1 A VR Y R B
VR B 1 S T TR -5 5 Wt B A ) ek 22 SR U

WS RITFR R 5 PRt 1% B R Ak AR E , AS ) v
JE A G I — T R R 4 1R — W e it A 38 %) 8 Wb 2 42
A SRR R A 3 43 B3 16. 7% F 22.29% A
AN TR) VR 5 TR 2 PR — 0 s A BB X S 22 SR AR R T I
Frem, SRR R E AR, Rk S AR -
BRI R 4 20 1R — 90 Wi it 129 8 0 3 418 vy vilt 22 3 B A R
i, Horf 5 mmol - LA &R -0 TN AR - AR & &
1% — B W it Ak LV 2 S B0 FR 2R A S A B i 1%
BAR AL BEEE T 10. 6% 11. 19%H1 15. 2%,

x2 FRLEMNHERR B HRRENW

Table 2 Effects of different treatments on N, P, K accumulation of Lactuca sativa L.

AR L R R AR B S PR R
Ab 3 Amino acid Boric acid Nitrogen Phosphorus Potassium
Treatments concentration concentration accumulation accumulation accumulation
/(mmol-L7") /% /(gepot™") /(gepot™") /(gepot™")
CK 0 0 1.19¢ 0. 25b 3.02b
e ] 0 1 1. 19¢ 0. 24b 2.97h
(rlu.tarm(f acid and 5 1 1. 354 0. 284 3. 34
boric acid
10 1 1.27b 0.28a 3. 06b
20 1 1. 30b 0.28a 3.09b
CK 0 0 1. 19¢ 0.25a 3.02¢
N - 0 1 1. 19¢ 0.24a 2.97¢
Alanine acid
anine acid and 5 1 1.33b 0. 24a 3.30a
boric acid
10 1 1.45a 0.25a 3.42a
20 1 1.32b 0.25a 3. 14b
CK 0 0 1. 19¢ 0. 25b 3.02¢
KA~ 0 1 1. 19¢ 0.24b 2.97¢
Asp.artlcv acid and 5 1 1. 454 0. 304 3. 484
boric acid
10 1 1.31b 0.29a 3.39a
20 1 1. 30b 0.29a 3.18b

2.4 AERESERD RS MR S5 hE L
&R AN T AR & = RN

HT 1] 2 ] 601, B it 1 9% B R Kb B9 A2 e st _E 3
M0 49.5 mg-kg™", B CK Hb b R0 3 H 48
T 24.2% , 25 Ik B WK 5 Bk it 19% R Ak 3
T2 S H R 3RO & B CK 90 3. 4%, (HZ R A B
F . BT UL NI T S i 0 B AT 2 SR AR P e L
TR ANF

TEA IS AR BE 25 0 T, 2 R 55 I & Mot it 12 i
B CK I P i 22 32 M 5 o, L v
PR T IS S A, 3 Pt 2 R D, TR 2 R X
FIFH 038 350 F B AL, 5 B MBs it 1 9% 0 1 Ak 348 L 5

5.10 1 20 mmol - L™" PR 2 Fi2 — B M il A 32 7o A2 S A ik
o FFRH A BN T 20, 9% (38, 6% 1 63. 5%
A, 3 FhCTE 2 B RR b, MEAT N 2 R 5 B T 5
JREHE CK b 25 48 i 22 S b T 300 % . 5 2 FR AN
KA 55 BTGt 320 % e 22 3 b B 5 i TG I 52
e, it THC i AT 22 PR VA B P 8 v, i 22 S b T R
BTN, 5 A 1% MR AL FRAH EE, 5,10 F1
20 mmol - L™" PN 2R — 0 W% it Ak B4 ik 22 S AR bk b T S
W B4 N T 9. 1% 15, 3% 1 22. 3%,
2.5 SER-NBRERPEERRESHEZZEYD
= FIFR 4 WU B9 HE 5% 1
P it 22 R Ve JIE 5 i 22 S A ) 1 PN 55 0 IR AL 22 [
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= BRHETE/K(CK)  wzza BAHIBE i 1 %6 R

=== 10 mmol L& I MH+1 %M ER

i S £

Above-ground boron content/(mg-kg"' FW)

&

FFEB Amino acid

=<3 5 mmol L& EE+1% B
== () mmol - L LR+ 1 %H0 R

R AN AR
Under-ground boron content/(mg-kg' FW)

WER REER
HHEF, Amino acid

B2 AL &S ERFn it T AR & 2R =0

Fig.2 Effect of different treatments on aboveground and underground boron content of Lactuca sativa L

(RIAR SR AT AN 3 BT, 43 2 R e it Tk i 5 9 22 3%
A A B = R AH O (y=692+17. 81547 -
2. 918x°+0. 09x) , 571 22 Wi A 2 12 119 4 S 1 Ao 3k )
BE =Wl LA SC K (y = 0.243 +0.011x° -
0. 001x%) , F AR —E VR P R DY, 20 20 1) P i Yk
XY 27 S i A A RN ) T ISR R R A A (R A
MR A5 R (1 382) |, A5 i vk B Y

W, A SR ) B EC RE YR 2 N A 5 mmol - L™, TN R
FYBCHEVR B 5 90 22 58 b 3l & & (y = - 32.358 +
0. 635x) FIHL T FF 0 5 5 (y = -58.907+3. 677x) ¥ 2
LM P TEADC R PRI I s VR FE S LN
P v Tt TR 22 IR R B AT A e e v 22 S RN
R R

®3 SERERKRESHEREMEMFSREZ BEIHEXE(r H)

Table 3 The correlations between the spraying densities of amino acid and the biomass and

nutrient uptakes of Lactuca sativa L. (r value)

I, . RAREE B R & PR SR i bR Hb A B
THER Y . .
. . . Nitrogen Phosphorus Potassium Above-ground Under-ground
Amino acid Biomass . . .
accumulation accumulation accumulation boron content boron content
%R Glutamic acid -0.876* 0. 402 0. 669 * 0.022 -0.179 -0. 145
AR Alanine acid 0. 331 0.458 0.098 0.247 0.990 ™ 0.975*
RARMR Aspartic acid -0.531 0.133 0. 561 0.177 0. 601 -0.084

O AR AR HETE 0. 05 F10. 01 KPR 5] B A B

Note: *

3 i

I} o Pt A S A 5 AR DA 2% F 1 00 11 SR B RE AR
XEVER B 7 i R R T B A B R , R
AR BRI, T W A AC e B R KRR AR B,
PEEAK RS 73 BE IR R, e 4R RK AR R
PP AT LB M P8R A B He I A A
BB BRI 1 AR A U OY , P R SR
TSGR TS B 7 OR . A rh S i
1% MR X 22 53 iy b 38 2 a8 A 97 0 B R  JC W d
S X S HTANBIRTSEA RAAE—E 22 57 . B EIAR

and ™ indicate the correlation was significant and extremely significant at 0. 05 and 0. 01 level, respectively.

RIG P22 308 T SR 2B, 7 i O T A R
BB FRAE R, WET ARSI 45 5ok B 0" AR =22 A
VE A= 58 A= T 5% i VR 40 1 7=, DR e A ) = 2 3
PR N AR ARG I 2 SR K B P ] RE I AR AR B 74y
RBR, 53 4h, A5G rp i T S S it 1 9% B 15 56 it
AR I S AR I X S AR 4 R
ARLE1 AELKH I 22 SRt S A B 5 e JC R S R 156 P
Bl 22 32 - o T R o A A R AR R R 1Y b b
9%

ARHFFE T HR S IR N E R AR AR R
55 19 B R B Wt ite 76 388 0 i 22 32 42 W o DL SR Tl
PR B, AT 2 S T A T 88 T R
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AR . — 75 TR N O AR 7§ A B & A7 ik AT
R MR R R E IR BE S e A A
RULEARR LT, dEmife dErE gt 58 b & w1
MG 5y T TG S IR R o A A P A
AP UERE R, PR R N A A A R DD iR
ThAVR TR BV AN T P i, DA A el A A
Py s A O A R TR P 4 v T A2 SR
Wik L it o8 B [ o JEE 14 e, 300 Tt 7 J3E
i AR S IR A B U0 T LRI R, X i T A ™ A 4
HEM . 380 AT A TCRE B R s, B R ik
P S B S A R T AR A IR >

5 EUMIBTE 19 WIFRAH LE |3 Fh 2 SR S5 W T &
T4 RE .25 4 v vl 22 S b ARl ) S RAF Y
WA . X BRI, SRR WA B B By
B IE MR, 259 e 2 I 3 T, BE T A
T LA, AT T - v ) IR A [ 5 53 O, e R TR
T CRAT R A BRI AT B T S SR 2 ) R e
)12, HEABER K B, AR RE A AU A Cu Zn Fe
Ml Ca SFICE, (570 LR LR LR B & BB fF
TR R AR EIE A IR R, N
SRR S I A AR AR B R A N =2
FIWIRE 35 S i i i b Bl o5 &, DRk, S SR
VAC 5 WU ER 1 AETE Y BEZ Wb 5 e B A7 25k, wT
R AFAEHE RN AL 7 A X B0 19 W S R e 3 77 A B
3 BhECHE ST T, TN R -5 B C 45 it A [ RESE
T2 SR 1A 5 (5 P K 41, 09% ) , Xk
22 U TR 5 et A S i v A T (O P g
i 15. 6% ) , I ELISE it T 22 19 1) o J3€ 5 4 22 53l = 0
I A A i A R IEASE R AR, AR S
PIc 5 Mt FIE S 5 0 s il 22 S S R 5 i, D AR
St 98 P A b 22 S i T SO RT R e ) B R
Feiz ERIBRMR AR . & T 0 7E 4 B i bz i 77 2, B A
WFFEHE Al (B) AE-S5 — L k5 & n I IE A ALY A H 82
B AR (L) S BL, 251, Bk e i 1) B B
i ZE AR R AR AL s Lehto 45 I 1A i 3 b
ICIKEAR AR AR B R] 500 B SR Y B A i i )
BB A RR M b s AR, X TR M R
BRRINKA AR, NN N 1 BN AR
QIR A ] e MR AR 5, IR AR B
FRA B PR P HA — E B B RE T (R Az L
UL A T — 2T

AR 3 PP G BRI & Bt 4 ] A E—
P L T P At 00l A2 3 2R, 48 e G o B AR P i
(B FSCR N R R A R 2 i e A e X1

XS ETABIFFFELE R — B B IR RN R A R
Oy T BAREE R ALL (RN R R 2R SRR A 4 B L2k
A RAE AR 7 R AR T 8 FE A 7 — e 2 5, A
1, ARSI AR H B8 2R Lo Hr A [ R RO A A
A HR A LB IS ER ) S SR PRI

4 it

TR E B A5 R TN R R IR AR5 1% Bl
PR TC 5 Wi X2 RE AN ) 2 J32 TAC 38 1k 22 36 118 i 5, i e i
AR R W TR b A e
S B P AT AR g e D S R A 5 it 7
feEil A e A RO T, B il A2 SR AR W 5 T R B
G AR T A SR AR A T R
VR BEGR A B AL Hh vt

SE 0k
AR, Tt JRIEEYIIE I MG T B ST 1),
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Effects of Combined Foliar Application of Amino Acids With Boric
Acid on Boron Nutrition, Growth and Quality of Lactuca sativa L

LIANG Zhixiong PENG Zhiping TU Yuting WU Xuena YANG Linxiang LIN Zhijun HUANG Jichuan”

(Institute of Agricultural Resources and Environment, Guangdong Academy of Agricultural Sciences/Guangdong Key Laboratory of
Nutrient Cycling and Farmland Conservation/Key Laboratory of Plant Nutrition and Fertilizer in South Region,

Ministry of Agriculture and Rural Affairs, Guangzhou, Guangdong 510640)

Abstract ; In order to explore the effects of combined foliar application of amino acids with boric acid on Lactuca sativa
L., a pot experiment was conducted using Lactuca sativa 1. as material. Glutamic acid, alanine and aspartic acid were
chosen and foliar sprayed in 3 concentrations(5, 10, 20 mmol-L™") mixed with 1% boric acid, 11 treatments in total ,
including spraying 1% boric acid alone and water sprayed as controls. We measured the growth indicators, quality
indicators and boron content after the harvest. The results show that: Spaying boric acid alone had no significant effect on
the biomass of Lactuca sativa L. while all the three kinds of low concentration amino acid spraying together with boric acid
could significantly increase the yield, among them, mixed spraying of alanine and boric acid increased the biomass of
Lactuca sativa L by 9. 4% in average. Compared with the control, the combined spaying of amino acids with boric acid
could significantly increase the total protein content of Lactuca sativa 1. leaves, while reducing nitrate accumulation,
thereby improving the quality; Compared with spraying boric acid alone, appropriate concentration of amino acids
spraying together with boric acid could significantly increase the accumulation of nitrogen and potassium of Lactuca sativa
L, besides, spaying glutamic acid and aspartic acid respectively mixed with boric acid could also significantly increased
the accumulation of phosphorus in Lactuca sativa 1.; Compared with spraying boric acid alone, the combined spaying of
amino acids with boric acid effectively increased the above ground boron content of Lactuca sativa 1., among them, mixed
spraying of alanine and boric acid not only increased the aboveground boron content of Lactuca sativa L by 41. 0%, but
also increased the underground boron content of Lactuca sativa L by 15. 6%. Besides, no matter the aboveground part or
underground part of Lactuca sativa L., there was a significant positive linear relationship between the concentration of
sprayed alanine and the boron content. The application effect of alanine and boron mixed spraying was better than the
other two amino acids, so alanine acid can be considered adding to boron fertilizer as a synergist. This study provides a
theoretical basis for developing new type buron fertilizer.

Keywords : amino acid, boric acid, growth, quality, boron content



