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Effect of Humic Acid on Nitrogen Metabolism at Tomato Seedling Stage
LIU Min, LI Xuhua, LIU Wenbo, YANG Liu, LI Jinxin

(College of Resources and Environment . Shandong Agricultural University . Tai’ans Shandong 271018)
Abstract: Humic acid could improve the effect of fertilizers. Tomato was used as material in this experiment,
the effects of humic acid synergist on the growth of tomato seedlings and the activity of nitrogen metabolism
enzymes were studied in order to provide a reference for the development and application of humic acid. In
this sand culture experiment, the humic acid was added to Hoagland nutrient solution with 0 (HAO0),
1 (HA1), 2 (HA2), 5 (HA3) and 10 mL/L (HA4) respectively with 6 replications for each treatment.
After culture for 30 days, the plant growth index, nutrients contents, nitrate reductase activity, glutamine
synthase and glutamate dehydrogenase activities were measured. Adding proper amount of humic acid could
promote the growth of tomato seedling, and the dry weight of root system of HA3 treatment increased by
31.68% than that of HAO. The dry weight of aboveground of tomato treated with HA3 was the largest.
Adding Humic Acid could increase chlorophyll contents in Tomato leaves at the seedling stage. The contents
of chlorophyll and carotenoid in tomato leaves treated with HA3 were the highest, which were 17.11% and
24.04% higher than that of HAO, respectively. The addition of proper amount of humic acid could increase
the assimilation of nitrogen in roots and shoots of tomato at seedling stage. The accumulation of nitrogen in
root, shoot and total nitrogen of tomato treated with HA3 was increased by 20. 24% and 21.54% than that
of HAO, respectively. The addition of humic acid could regulate the nitrogen metabolism process of tomato

roots and leaves, and increase the activities of nitrogen metabolizing enzymes. Compared with HAO, the
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nitrate reductase activity of roots treated with HA4 was the highest, and the activity of glutamine synthase

with HA3 was the highest. The maximum activity of glutamate dehydrogenase was found in root system

treated with HA2. The activities of nitrate reductase, glutamine synthase and glutamate dehydrogenase in
tomato leaves treated with HA3 were the highest, which increased by 38. 27% ., 64. 54% and 106. 63%

respectively compared with HA0. The addition of humic acid could promote the growth and absorption of

nitrogen and increase the activities of nitrogen metabolizing enzymes at tomato seedling stage. The best effect

was found under the addition of 5 mL./L.. When the addition was lower than 5 ml/L, it could promote the

growth and nitrogen metabolism of tomato seedlings.

Keywords: tomato; humic acid; nitrogen metabolism; nitrate reductase; glutamine synthase; glutamate

dehydrogenase

RS A AR K I R SR 2R A% R
S 0 1) B B B s 5 R G I AR A A R
IEEA A 2 —  FEAE W) 1A N B A Y AR AR
REMFE LR NO, - £ NO, #4ky NH, &%
Ja Lk NH, B X AE YW A Lk & 9. AR
A A i AR P dY R IR DR (NRO LI il R 38 i il
(NR) 3 @ BEREA B (GS) A B IR A B (GOGAT ) (43
MM A (GDID 2 2] 7 B % S /E N . AR
WA K R B R EEEN.

J&§ A AR Chumic acids i 5 HA) & —pis &
B RARF LY T, & 2R B R (R 3E B 2
BRI BRI WA RSO FEAAETE
BRI b, Ko g T w s, B R, HoliA
fiK. EA REFIE RIS R 5 0 68 hl R S
B A B AT DU SR AS [F) Ff 28 AN TR) 355 F2 A B8 AR 9 A=
KER AL IEED X R R B A B R L
e T 3 A 4% b HE AR W B R T M s B
Fi A HEAE R AE K A B R FE B A R
A T 3 A R o VE b SR Ak R L B S VR i
P T 2F A K5 A I 55 I Ry AR TR W LA fiE
HEAR W % A AR L PR AR R L 5 e A A AR s A
Y R FE A R R M0 A% A T AN TR B R R T 4R
NESEEZE R (NR,GS #l GDHD (3% #E, B,
I f5f = JE AL R T A ) R A Y I S AR

AR TR0 AR A 220 5 W T U I AS [R] i Y T A R
H8 KR  BIF 5 A [) JE A T 8 2880590 S e o) 2 i 100 1
K BE BOAE R A S MR, DU IR A 7R A
P2 14 40000 % 7 v 2B A B IR AR ML DT Sy S A TR
B RSGR 9 T 2 55 0 B LRl 2 AR A
1 bk Jj i
1.1 RI&igit

YT 2017 4F 5—7 A FINR RN KFHIE S
BN R TR TN O SR e W S W - TR B L || SN

57 Ak R A TR 1 AR A A T A B VAT A TR L S
FEPR &8 16 %0 KAy & 84 % A & i 0. 78%, AR
P 2. 24 meq/g. R HE 0. 19 meq/g. By 2 H 2. 05
meq/g,CEC 0. 52 meq/g.

I L E 5 AL IR 2 Ik ) A 2L SRR
AJE BB AH 0,1.2,5,10 mL/L, ik HAO,
HA1,HA2.HA3 f1 HA4,

I BT A SRR R AR R 0. 5~2 mm, & H KK
ZW M PEIE Tl vk Eh iR 2 i 4~6 K. H A kK
Mk R EE RN EZR EELAE T
B A Ak o Ak B ) A g b ke B B R OIS A HE
IKFL) BB RV 2~3 om. B Ab B G (4 e b (R
— D) EM TR IR R 1 AR ER 6 I, BENLIX
AHES A 3 KT 1 kA& R 2~3 RIEHE 1 K
B BFK 200 mL, DUPR FE — 22 B9 B R IR 3 vk
BE s RREERE R 30 K
1.2 HeRESHE
1.2.1 #&EE K330 Kg . BBHEEFH (L
M) w e B L Je B R K e L 28 1 K Tk v,
IRARE T 7K 3 U B AR 4 e PO AR R R AR B R, B
JE oy R & R 3 94 . BUEE 3 AR &R R R i A
IR AR A - DRI 5 AF B AR Ab F8 b TR0 A A8 0K FE &
105 CRTF .80 CHE, B LU I 5 A7 bR 5747 .
1.2.2 MERB 53 R 5EEEE MR T A
I s A A A R (GS) I M A A R R
fit) (GDH) 76 £ I 52 2 B8 SCk [ 23 15 48 Bk 4 AR
H, SO, —H, O 75 2 2 i 7 FRE e .

2 gR50M
2.1 BHEBEEFIGEREHERKNTIE

P26 1 AT 2T, AN TS e R T A S R v R A
R 2 F0 Ml L A o Bl A A o A S L R AR R
FUH AR A | T S ST e R

5 HAO LbBEAH HE . 95 08 A R 14 2400) b B (HAL,



533

804G B AL R X i

9 A AR R i 329

HA2 HA3, HAD # R T 43 3 m 17 11. 57 % ~
31.68% , Ab BRI HA3 HA4 ZbBIAR R T E & K,
HKE HAL HA2 b3,

I G R AR K sk ) b B (HAL, HA2, HA3,
HAD Hb b3 T8 [ HAO AbFR4» 534 fn 17 15. 64 %,
13.64%.,11. 14%.5. 29% . 4b B 1 L HA1, HA2,
HA3 ZhHAR & T ok, Ho: HA4 g3, H HA4
A HEE HAO b3 22 BN i 3 .

*1 BEEBRMIFACNENEPEKETOEM

Hlid FARA E N R HAO A3 fin 1 18. 49 % ~
20.04% , H#5 HAO kb3 25 Sk 2, (HOR [R 4 in
B 2ZSMEARE. 5 HAO ML, 480 i R R 44 5L
7 Ah B A L A RO R T 19, 49% . A S
HAO ih 3 25 S 5 2, (FL 55 AR 2 14 280500 A W] S n #

Z I 22 VR B 2
R3 TRAEEBRFIMEXNENEHEAENRENZN
FLf7  mg/ Bk
i¥: A Y -7 B R

HAO 35,0445, 65¢
HA1 36.33£4. 19bc
HA?2 41, 57+5.50ab
HA3 45,7743, 83a
HA4 43.64%6.94a

220.95413. 35b
261.80426.42a
264.95421.57a
265.24%13. 29a
264.90+11.97a

255.99+14. 38b
302.49429.10a
301.32424.93a
311.13415. 34a
308.54415.74a

2.4 BEBBZAMEMEHRERIINGEEE

5 M

F % 4 TR A 0 R T S8R T LA R4 2 i

A gL R%Z B a8y
HAO  12.3440.67b  49.2543.01b 61,5743, 98b
\ HAL  13.4742.21b  55.53%3.45a  69.00+4. 18
ke HA?  14.9440.86a  58.40©3.10a  73.1943.02
@ W) a3 15.07+1.410 55684402 71664393
HA4  15.1440.96a  56.53%3.38a 716743, 68
HAO  1.5940.16d  6.78+0.43c  8.3740.55h
HAL  1.78+0.14c  7.8440.49a  9.6240.51a
¥ HA?  1.8240.08bc 7.7040.75ab  9.5340.5%
(g« ¥~  HA3 2.10£0.18a  7.54£0.3lab  9.6440. 44a
HA4  1.9640.12ab  7.140.40bc  9.0940.49a

Y« 22 P RO 8 B (8 B o 2% 5 )90 KU U S ) R 2 4
BEAE 0.05 KFPERBE. FH.

2.2 BHEBEYFXNEMEEHFHSESENH
P26 2 WIS AN TS A R 1 A R LA v e

Wink g RS R E R IR R SRR

RS 1 I ek ) e, O 0 R R R

S N E TR HAS bR S, 5 HAO M, 4>

BIEEIN T 17.11%,24.04% , HZESMW R E ., HiNE

R 14 R0 ) b BRI 4 K a & iE L HAO AL PR fin T

3.37%.,5.87%,12.18%,3.58 Y. M4 % b ¥ 1T

5.02%,22.29%.26.25%,23.81%,

X2 BEHBEIANERSPIHAHESSBNEM

M me/g
o Wf ‘ Wf ' ”ffi Kb b E
[N RN o H

HA0 1.3540.07b  0.60£0.07h 1.9440.09¢ 0.1540.02¢
HA1 1.40+0.07ab  0.6310.04ab  2.03+0.06bc 0.16%0.01be
HA?2 1.43+0.13ab  0.7340.05a 2.16+0.17ab  0.1810.02ab
HA3 1.5140.12a  0.76%0.07a 2.27+0.18a 0.1940.01a
HA4  1.4040.09ab  0.7440.08a  2.1440.12ab 0.18=£0.02ab

2.3 BHEBEYFANEMNEHERERRENZMN
FH 2 3 AT, WA TS L R e AR n T 7 S A
REWI PR AR LA RZ B, WG R
HWM, AREHEREHEWEHYBER. 5
HAO ., HA2 HA3 HA4 A BIAR R A EH B4
WA T 18.62%,30. 61%,24. 53% . HA1 4b ¥ 5
HAO 2% KA % . HA1,HA2 HA3,HA4 43 %

IR R AR R 8 & TR R AR L 5 (NR) |
B WM A I (GS) RN A & R 6 A (GDHD 36 44

AhFRr HA4 AR AR R NR 3 M/ K, o 10013
pg/(g+ h). b HAO Ab BRI T 32. 71% . H 22 51
B35 HAO Ml . HA2 \HA3 ZbHEF NR I #4351
BE T 17.16%.19.68% . H 22 5S¢ i % HAL 4b ¥
5 HAO db¥i= R AR,

Wit 5 5 L T S 0 ) 1 . GS TR M R B S R R
WS, 5 HAO 4 BEAH L, HA2 \HA3, HA4 &b
PGS IR PE 9 T 18.02%,29. 97%.,16.59%,
HY5 HAO 2 %M 5%, HAL 435 HAO 43 2% H
PER

IINE R ERIE RGR AL BE . HAO 4bHAR & GDH 7
P4 SIS T 17.68%,32. 51 % ,26. 55%,32. 16 % , &b

rh

bl HA2 HA3 HA4 &b ¥R 2 GDH 3% M i
HyOR HAL 4b 3,
4 BNEPRENRTER.SEBESMER
SEBMB ST
RRR R 1/ A R R A RN AR A A

(Nepgeg'+h™") (AA+g 'Preh™) (AE+min™'+g 'Pp)

HA0 7.6340.31c
HAl 8,660, 95hc
HA2 8.9440. 24ab
HA3 9.13+0. 98ab
HA4 10.13£1.13a

15.8940. 99c
16.83£1. 26bc
18.75+2,19ab
20.65%1.27a
18,53+ 1. 69b

0.4921+0.029¢
0.579=0. 084b
0.65240.037a
0.62310.022ab
0.65010.061a

2.5 BHEBRBHIAIMEREAMHFEREAHEENE

A i

H1 2 5 n] R S 0 G TR 14 28R mT LA 0 2
W R EACHE PR R NRLUGS F GDH {44 5 B



330 KPR R

% 33 &

HWNE B, i - NR.GS fit GDH i 4 2 35k
8 5 U

N JO0 VS A TR 8 R b B (HAL, HA2 , HA3, HA4)
AFER: F NR 3% M b HAO 4b 3 4 582 5 T 7.3%,
28.81%,38.27%,30.98% ;5 HAO [, 781 8 14 4%
FAb R B GDH i 4 43 51 84 in 17 59. 74 %6, 90. 82%,
106. 63%6,99. 05% ; &b ¥ b A HA2, HA3, HA4 4b ¥ i
h NR #l GDH & PRy ko2 HAL Ab R,

5 HAO &b BRAH L o 45 i JE A 2 1 28055 b Bt
GS WP I T 35. 61% ~64. 54 %, H#R 5 HAO 4t
P 2% S B A b DL HAS HA4 A3 GS i
P HkoE HAT HA2 b3,

x5 BREETEMBRTEE.SSEESRERN

AERN ST
RS IR A ERN S T A E R A A

(Nepgeg ' +h™") (MA+g 'Preh™) (AE+min™" « g7 'Pr)

HA0 6.5740.58b 3.4840.27¢ 0.26210.022¢
HA1L 7.05£0.61b 4,7240. 25b 0.41940.065b
HA?2 8.4610. 66a 4.91£0. 26b 0.501+0.051a
HA3 9.08£0.38a 5.7340.69a 0.54140.037a
HA4 8.6140.62a 5.1640.57ab 0.52240.052a

3w

VA OS5 R 1T A B R R T 9 A
VIR AR 3R B AR R0 7 AT 8 T R AR
MO % B 3 T R AR 2 BRI R
WG ) S M L B R R/ TR — it
S AR T/ X R (0 4 B ST AR BRI K. B
BP9 22 19T A A5 2 T 08 G L R AL 0% Y 7
41 L B T 388 001 5 BB 1 9 B 4% (HLT — ATPase) B8
H AR HE H 20 A S e o 40 B R AL £ MK
At 0 LT AL s 0 5 T K L L M £
SRR . AT 22 W L VR I T2t B IR B8 )
BOE AR R b AR RE T T
A0 99 7 I T Bl 5 A R B AR 0 40 e K L 4 %
A BRI A 75 T3t — B HR R

T RLRR T 0 5 4R B A A LN A AR
P2 AR 0 2 A A Sy O R I R R T
b ST S I PSUIE NOS SEE
R, RO R X 0F 4 2 b RO AR 85 R B K T
ISR o, ACHETFE I L VR BILE B 00 165 AR 89 25 T
DL i 2 i i It e 43K a b, HESR R B FTE
B2 A5 ELI R OB R R R 4 2 b
B4 135 R 22K T I 45 2 s BT IG5 FE FH I 6 A
T A RN, 5 R 35 A B ) g

AR,

RACHHE MY A8 KR 2ok B v o 2 0 AR A
AR AR I B (NRO S A 9 AR 2 A v (1) 56 gt
il . 25 S WL A B (GS) A2 & R I AUl (GDHD J2
SR R . A RTFSE 0 L3 R 0 R
R A A R R Y R A O L 2
o S PR R 2 I A R L it
R P DA db 2 B 8 B EOR A5 AL A B IR AR
)RR 4 7 A0 i AS ) 5 A 1R T 4 A0 R0 3%
OB 1. 7~2.0 57 A B g5 R R WL %
JE AR R J5 T AR R v NR & M B2 5, AR R Tl
=R DO N N ONCIE AR i i S OR - S Y
MR vk 10 mL/L BHAR & NR 36 M3k 2 5 oK, i
A NRGHEZER &N 5 mL/L Bf &k, &2t
i £ 1 T 0 2 0 1 I S I T 2 8 R 3R TR Ak R L AR
AR . FEAR IS L 7% 0 65 il 9 A B v T A
R A A h GS.GDH 15 ¥, HLBE 2 7 i i 35
RN R b GS 36 M 2 e 5, X 5 %
it 82K R B A R A [ L 2 S AR RR VS i R 5 mlL/
L B, GS iEMA B K, A —Ab 3R Ji A R % i
NR.GS.GDH 7 i 42 = i B 3 K F AL &R NR.GS,
GDH ¥ ¥, i AR 8 % 75 it i R 20 28 AR08 6 14 52 g 22
KF R R A5,

4 58

VAN OIS 0 B R B AR T LA R v A
WIMR Z A AP NROGS.GDH 35 4, {2 7E 4R £ il
AR MR NG G 8 R S 1S 0 7 5 AR
FOHUHL 3T R B R ARG A T B A
T2 10800 S 0 2 0 4G o T AR R 4 4 S R e AR IS
T R B LLAS I AR R B A0 5 mL /L A 3 3
PR AR i 3E 3 i A KRB i

SE
(1] Rhissbe. A8 Fr 2 (ML deat: b B ROk o At
2003:23-35.

[2] Asli S, Neumann P M. Rhizosphere humic acid inter-
acts with root cell walls to reduce hydraulic conductivity
and plant development [ J]. Plant and Soil, 2010, 336
313-322.

[3] Schiavon M, Pizzeghello D, Francioso O, et al. High
molecular size humic substances enhance phylpropanoid
metabolism in maize ( Zea mays L.) [J]. Journal of
Chemical Ecology, 2010, 36(6): 662-669.

(4] 95 ZE . JEfE 2 DA OS FE Ok, s B L [T ], A R, 2012
(3): 1-10,30.

[5] Simpson A J, Kingery W L., Hayes M H, et al. Molec-



533

XA

S AL X 5t 0 A B AR R 331

[6]

7]

(8]

[9]

(10]

[11]

[12]

(13]

[14]

[16]

[17]

[18]

[19]

ular structures and associations of humic substances in
the terrestrial environment [ J]. Naturwissenschaften,
2002, 89(2). 84-88.

Canellas L. P, Dantas D J, Aguiar N O, et al. Probing
the hormonal activity of fractionated molecular humic
components in tomato auxin mutants [ ] ]. Annals of
Applied Biology, 2011, 159(2): 202-211.

PR AR, ) 22 22, S A R PR X AR 2 R
HFR W TR A R B sE ma L)), A B 3R 5 IR
% ,2007,13(5):903-909.

Dobbss L. B, Canellas L P, Olivares F L, et al. Bioac-
tivity of chemically transformed humic matter from ver-

micompost on plantroot growth [J]. Journal of Agricul-

tural and Food Chemistry, 2010,58(6): 3681-3688.
THRYR IR, E B, AR E R LR

B RH ORI s L)), A E 3R SRR
2012,18(1) :249-255.
PR IR IR 5 AR AR A B R R EK
RE BAGEA B RS2 m [T ], 8 A AR 2 24, 2007, 18
(4):813-817.
XL, sk R 55, XU 5 &5 A R IR R X & N
R o WA A L SR S s L)L PG Rl 2
R ,2018,27(7) :944-952.
ﬁ?ﬁﬁi X222 A A AR R AT X A 25 4 1 IR
e R R AR A s ma LT ). b B3R . 2009(4) £ 44-47.
SR, T, Bt ] 45, SRR 2 A e X + 5855 4y
e A A L I R T M ) 2 e [T 1 T b Rl R A R
2005,28(4) :1-4.
SAG, ERAE. AR IR Fh X ARG 30 T /N2 4l v
R Ge sz m L], B A A 28 2 4, 2011, 22 (10) : 2539~
2545,
FRANDK TR B 580K A5 B AR R B A o0 T 5B 3E £
K& T AR B & MDA & = s (1], v E gk 2
W .2011,27(7) :69-72.
Garcia A C, Berbara R L. L, Farias L. P, et al. Humic acids
of vermicompost as an ecological pathway to increase resist-
ance of rice seedlings to water stress [J]. African Journal of
Biotechnology 2012, 11(13); 3125-3134.
Muscolo A, Sidari M, Attina E, et al. Biological ac-
tivity of humic substances is related to their chemical

structure [ J]. Soil Science Society of America Journal,

2007, 71(1): 75-85.
G XU ILFT. 6 5 R S KRR DL PRI DE SRR LT ). R

JeA M K2 24,1997, 28 (1) £ 90-93.
SRR TSI AR R A 0F A R /N 2 i R T &
WA PR R R L) ] 22 R A i, 2012, 32(1)

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

90-96.

I A2 AR, SRR L A TR AR S X 4 T 38 /N 2 4
B AR B BT LT, b A A Rl A 4, 2005, 13
(2):91-93.

TR, 223, X I AN [ e T AR R O AR W A KT
PR R AR FIALRRAIT G 11 . J A8 R X A 40 I 0 12 W Wi A 1)
BOtafE w2 L], AR .2000(2) : 16-19.

VIE S5 R H Sz, 00 R A 45 R R 30 T B R X/
P13 AR R B U AR G il 38 M 9 5% [ 1. i Yl 2
#,2015,27(12) :2136-2140.

B BE b I AR Y A BB S BT . DO TR ) A
2. BACHE P Az B2 9230 45 B [ ML Jb st B2 10 A AL
1999.156-158.

X2, T U, A il L A T IS I R R 3
B A K R AR R LT ] A 3R 5L R
##%.,2016,22(6) :1636-1644.

FU I YRR B A TR A B A
BRI R AR 7 g s e )DL R 3R S Ik
2#4%,2008,14(3) :520-526.

Hager A, Debus G, Edel H G, et al. Auxin induces
exocytosis and the rapid synthesis of a high turnover
pool of plasma-membrane H® — ATPase [ J]. Planta,
1991, 185(4) . 527-537.

S35 BRI N R AN R T AR 6 I X
AR IR R R M A s AR s L], hE S
Al 24, 2007,15(1) :49-51.

PEORUW B XVGR . A R AR RN R 2
B NE X /N2 A AR B 7 A s o ). i AR A ARl
#4,2009,17(5) :900-904.

PNEAG L EEHE ] 00 BN R R 20 43 19 T AR B A IEAE
PR 007 R B H A AL A S L], - e
2003,34(5) :440-443.

AR Al 2. AN [ F 1S A R 1 S R AR T 1 S AR AL
HWFFELD]. M AR IR R B TR %2, 2005,

PN BRI B 0 A R B R R A IR AE
B BT P A0 e FC By 38 7 AL R AT S LT . 0 A=
A ,2004,15(1) = 81-84.

SeVb b AR AR BRI AL T AR TR X B B H PR
IR R AR R A i [T, 1 AR ARk B2, 2013 ,45(4) : 68-
70,74.

ﬁ?i% FAR L LA A T A R X K
ﬂ%’ﬂﬂ&ﬁﬂﬂﬂ*ﬂﬁﬁiﬂﬁwﬂﬂ[ﬂ AR 2 4

2017,31(4) :794-802.

A, TAA I A MG L 45, T A IR 5 08 LA X 4%

AR R W WY 52 ma [T ], B 4, 2016, 47 (6)

1399-1403.



