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Effects of y-poly glutamic acid on substrate mineral nutrient supply and
growth of tomato plug seedlings
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Institute of Vegetables and Flowers, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: [ Objectives] The objective is to evaluate effects of y-poly-glutamic acid ( y-PGA ) on tomato plug
seedling production. [ Methods] Tomato seedlings were grown in the 50 cell-plug trays, with substrates containing
peat moss, vermiculite and perlite(3:1:1,v/v) as the growth medium. y-PGA was applied in the substrates by
mixing with substrate before the sowing. Changes in physical, chemical and biological properties of the substrates
and growth parameters of tomato plug seedlings caused by y-PGA addition were measured. y-PGA was applied by
overhead irrigation 16 days after the sowing. The growth parameters of tomato plug seedlings were measured.
[ Results] In the beginning of the treatment, y-PGA improves the water filled porosity, water holding capacity, EC
value, and the contents of NH, -N, NO, -N, Olsen-P, readily available K, exchangeable Mg in the substrates,
and reduces the pH values. At the seedling growth stage, y-PGA increases the available N, P, K and Mg contents
in the substrate, and especially improves the activities of phosphatase and catalase at the later growth stage. For the
tomato seedlings, the chlorophyll contents are increased with the increasing of y-PGA. The highest root activity is
obtained in the treatment of 3 kg/m’ y-PGA. y-PGA mainly improves the shoot growth but restrains the root growth

Wi HER: 2014 -9 -24 EZHER: 2015-1-27 4% AR B HA . 2015 -07 -24

EEWA: ERAARFHESTH (31172001) ;3 AL ™ A R R E L TR S (CARS -25) 3 A5 PEAT L CAOlk) BHBTF L 54 98 51 H
(201303014 ) %8,

EZE A WRF(1982—) , &, IWAREESIA, 16+, FEAFESE PR T ERKS FAEYEPIT, E-mail: chuqunl11@ 163. com
# JHfE/EH E-mail; shangqingmao@ caas. cn



856 Y E RS R 2w 22 %

applied by either mixing with the substrates before the sowing or watering with y-PGA solution. y-PGA shows a

delayed effect on the growth of tomato seedlings, and the effect is much better for the later-stage seedlings than

early-stage seedlings. [ Conclusions] y-PGA application can enhance the water and fertilizer retention capacity of

substrates, and therefore improve the growth of tomato seedlings.
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Table 1 Physical properties of tomato plug seedling substrates after added with the y-PGA

PCA R SALBREE i TALBRE FrRALBRE BRI
(?(g/ 5 Bulk density Total porosity Air-filled porosity Water-filled porosity Water holding capacity
m
(mg/cm’) (%) (%) (%) (%)
0 293.0+4.2 a 71.2+0.6 a 7.9+1.1a 63.3+1.0 b 215.9+2.3b
1 292.2+2.9 a 71.7£0.1 a 6.0+1.3 a 65.7+1.4b 224.8 +4.8 ab
3 297.5+0.8 a 71.4+0.6 a 3.4x£0.2 b 68.1+0.7 a 228.8+3.0 a
5 299.4+0.7 a 71.4+1.1a 2.9+£0.4b 68.4+£0.9 a 228.5+2.7 a
10 293.1+2.4 a 71.7+0.3 a 2.9+0.2 b 68.8+£0.2 a 234.8+1.2 a

1 (Note) : [A)FEUE G AS [F) B F 78 40 1 ] 22 57235 3] 0. 05 i 2 /K 3 Values followed by different letters within the same column indicate
significant differences at the 0. 05 level among treatments. J&FiIRII y-BA GG , B8 2 /T, ARG BURE DN %€ The samples are tested two hours after

the addition of y-poly glutamic acid.
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Fig.1 Effects of y-PGA addition on chemical properties of tomato plug seedling substrates
[ VE(Note) : HACE AHESAMMSEAZA; ST v-RAERG FE 2 /D SRFIEE, T JEIE ; #0526 d. 54 d, % 8 2 FEALIK
10 BRANFE R, BEBRAR &R , XT3 Available N means the sum of NH," -N and NO; -N. Samples were taken two hours after the addition of y-poly

glutamic acid and air-dried samples were tested. The substrate samples were also harvested at 26 d and 54 d after sowing. Each replicate contained 10

seedlings. Before air-drying, the roots were removed. ]
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Fig.2 Effects of y-PGA addition on biological activities
of tomato plug seedling substrates
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RO . BUAh, v-PCA LTI INIA 2 5 PR T
A AR RO F R IRl R 26 &) IR R AR,
WEE AR R AT IR, v-PCA B2 T 42
HURIZE M1 SR SR, 0y v T B 48 B0 25 Ak B )
IHRBRIEHEVERES . y-PCA THHRHE N , 7% $2
TREACE AR 2L A 25T A M
ERAERLETFSH REFEIRTRTE, 5 y-PCA
A I RO — 2

60
O 26d

50 @ s4d b

a a
40'be abd a
30

20

I J 4k % & & (SPAD)

Chlorophyll content of leaf

10

08 a
0.6 F

04 F

Root activity
IS
o
&
f)

be

R Z 3% /1 [mg TTF/(g'h)]

y-PGA (kg/m®)

E3 RESBAMMNEMNEHHTRIHEER
BEMRARF AN

Fig.3 Effects of v-PGA addition on leaf chlorophyll

contents and root activities of tomato plug seedlings
[ 3 (Note) : A A ) 7 BEAQR ] — IURE R ] -2 48 2 b L 1) 22
S35 F 0.05 i 2 /K F Different letters above the bars indicate
significant differences at the 0.05 level among vy-poly glutamic acid
treatments at the same sampling time. &5 )5 26 d. 54 d, 43 5 E FEHL
X 10 ¥R4I T Ten plants per replicate were taken at 26 d and 54 d after

sowing. ]
3 it

A A TSR] O B R o R A AL T
VB, SR ARRG TR, TR A
el . EBRI BT S5 T AR R A AL iR O3, 1A R
Tt FH A B L R A 49 1] 58 S 3 oA 2™ Jo
TGN TE

y-PGA 7 A o PR L R i 5 , X BH B 54 o
Feor HABEA T s BT, RERS Bl 1k 37 70 ik 2k
R E IR A Ak y-PGA $2 i 1 45 B 7 R Bk IR
TR A A B R R T L AR
I y-PCA Ji i 1 B oA | A | Sk
PHEEE AL TR MCEYITER A 2
APLR . W0 W AE DT A P AR, Al A
BV A BE B A RS, W 805557 0 5 Ak )
AR BRI R R 452 B B TR
W« B AE SR SRR R I AR SR T Bk



2 %

Al

Y E RS LR

860

-a8e1s 1Mo owes oY) 1B sjuLWIRAL] o) J-A

Suowre [9A9] GO "0 Y} Y& SEOULIJJIpP Emowm:wﬁ 9JBOIPUL UWIN[0D SUWIBS 9y} UIYIM SIONS[ JUQIIJJIP \E pomor[oy senje\ M*Mu_wm_en_, SO0 :Wﬂﬁn%@ﬁm@%@mw@ %.? mmﬁmwam_v\mwmﬁ%—m_%m@ﬁ:%_’m_ : ABOZ v HU

BYO0F¥S8E 29 I00FO0I'0 ®BCZOOFLEO qee ITFeeeC BEO'GF008C BOLTFOr09 98 €00F+0°c 9q® 0C'0F 19 °0C (0]
P®HSOFH0'LE 2 T00F60°0 ®TTOOFBE0 q880FEC0C B ¥8 ¥FLO9CEC ®BOL'SF¥9C9 P®BIO0OFOI'E ®BSYOFSITIC S (1/3)
B eI I+¢8°SE qQO00FIT'0 ®IOOFEEO GI10°0F00vC 2996 CFL9'€CC q® $C9F ¥8'8C 24 SO'0F86°C 9% 99°0F 99 '0¢C € uor)eg LI

q96°0F65°6E 24000F0I'0 ®BTO0OFTEO qee0FeeTC 2 Iy ¥PFLI99IC 9¥0°1TF009F P>C00F16°C 29 LEOF SS 6] I LY\
P COT+F¥0'LE BIOOFEI0 ®HOOFSED BORIFLOLT P ELTFO00CIC dV9CFSL9Y PTC0F98C 29¢°0+F 6L 81 9¢ 0 ik sk

BOLYFSP'06 2000F0L0 POOOF6V 0 P96°0F0S°¢e 9¢S°0c*Fscove 9VL ¥+ IL P8 9 CO'0F 6C ¢ q979°0%96 ¢l 01

BOPT+FGSPL8 2 10°0F0I°0 2€00F19°0 Q68 TFECTIY BOBECIFSTOIY B L6°0F60°00I ®SO0OF8E'E BIE0F ¥ LI S

PC2OT+8L68 2T I0°0F0I'0 2200F¢€9°0 P9LTFOCTSY BEOTIFREBEY PP TFVYI66 POOOFVE'E B RIOF 08I €

POOVFGSP'I6 9000FCI0 9200F0L°0 QLICFSLIS BILGFST'Sey BPE'€FT6°G6 qSO0FITE B e 0F L8 LI !

BGC'0OFB8E'88 PTOOOFVI'0O ®EOOFIBO BTPIF€C09 ®BOLOFEY 0y ROV I+ 1606 9C00F8L'¢c ®BOI'0OF8Y'LI 125 0

POS'I+09°6l 9000F0I°0 2000+F+0°0 PSIOFOLT PIVIF68'LI 9€C0F80°8 2e0°0FIT°1 POT0F¥L'C 01

260 TFPr0e 9B T0°0FO0I°0 9T100F90°0 20€°0FS8C P8LO0FO6SLT qG¥9°0FCSSTCL  9e00FLETT DLOO0F LS Y S (w/8Y)

98 °T+20°LE 98 T00FCI'0 ®BO00F800 qee0Fe8'c qOor'I+0cee 9920+F997L 990 0F9v°1 qI11°0*F60°S € uonippe
P C¥s68 PIOOFEI 0 q®8CO0FVW v BOO0OF80°0 9BBICFISYHE CGILOFVOEl qE€O0F9'I q6I°0F6L°S ! QleLsqng

BO6'I+TS'cr ®BIOOFEL'0 ®BOO0OF80'0 PREOFI8Y ®BROE'IFILBE ®BTBOFT9'6I ®BHOOF8S'I BOI'0F66°S 9¢ 0 I S 3

xopu ones (o) (uedAw)  (uedAw) (g /o) () (o) (p) Fumos  WmOWY  poyply
Surppeag 100ys 100y awnjoA 100y ySrem A1p 100 ySem L1p 100yg BAIE JROr] IOJOWRIP WG Sey j00yg 10)ye SAB(] =CR TR/ S S T4 | TEV//S
AT WEay 4 e Wk 1% Y W% W RS vouk

sSurpaas Snid ojewro) Jo JudwWIdopAdp pue Ymoad uo uonedidde yog-A Jo s103 T 9Bl
WENEEAFEENUBXHWUHESE ¥



334

RERE A o y-SRAT GRS 0 77 1 R B R o PR I S 4l A K K T A R 861

YR B BB Y A KT R A A ORI
v-PGA ELAG AR ik, BB A% S il 26 1 4 A1 e U A
SRR, S U IS P RO e R 1Y . BA
WEFERI, SN y-PGA BE$E i 58U Wy Al
Wi RErE . ABFTE LS W], y-PCA 415 T 3R
HRCE I YE . B TS T 2 R A Y AR A )
PRI 22 18 52 M, i 105 R 20 105 350 2 2 ) fe ol 240 AT 1) 00t
FIBERREEI 200 o A y-PGA J5 IR . T
WA S A S M8 B L AR
HN I y-PGA $2 555 1 3 JoT v 1 ol 1 1 3 2 A ot 4R
ARG G M. y-PGA [ B 4547 19 2 556 1 Ik e 2% i1
FESRIKIE AT, RS WL B 7K 43, B y-PGA RE 4 i 2
JRW KPR K BE J1 o A y-PGA REWS$2 = 411
BKREH Y . LEARBIFLH, A y-PCA J5 3 5 fi
KIpKEIG I, $2 5 7 LR K BE T, BRARHE K PE,
TR 2% 2 o TP o 7 0 1 IRk, A B T [B] 42 b 42
SR AR A

AR TR R e A BRI A K R
BRI T HR S5 . ASWFSE KB E ] y-PGA 1
EXON T A R g R S| R ULk
. MR RN T E, OB B R RO
FAAEY AR B PEME 2 YR 10 mL y-PGA /K
VSR, 6 AV BE AR BE Hh 200 mg/ L ¥k JBE 1 T A80CR $x
e, MR BT X BT B8 55. 1% . W =
fipatel10) oz ey 2 Yk 100 mL/plant y-PGA /K%
W, BB LU BRI T 29. 6% o F I LAED 4
R TS 5 UK y-PGA KW ,3 ANk B dh e vp
200 mg/L U5 fe by, BOAR 6 dE 5 0 BROAH b 3G
17.4% . T3 50, EFR WA y-PCA il T £k,
KREAFAEYERZT BRI T y-PGA
XHEYAE K& B R EER .

4 Zhig

T 7B TR y-PGA , BEAS A RO 3 R
SR LR AN AR T, B v R T AR s v R
M ETEMAERKRET . RiEARMIREER, Fil
LT W HLR y-PCA SEELUS NG A 3 ke/m’, TR
s y-PGA SEELIRIE N 5 ¢/L,

St B X

~

¥

=
vt

o

% 3 #f:
1 BRBZE. ENAME RO E W R RGAR )] P E B,
2000, (¥&f[). 7-11.
Chen D K. Summary of foreign and domestic vegetable corps plug

—
—_

transplants production[ J]. China Vegetables, 2000, (Sppl.): 7
-11.

(2]

[11]

[12]

[13]

Milks R R, Fonteno W, Larson R. Hydrology of horticultural
substrates. III. Predicting air and water content of limited-volume
plug cells[ J]. Journal of the American Society for Horticultural
Science, 1989, 114, 57 -61.

Shih I L, Van Y T. The production of poly-( y-glutamic acid)
from microorganisms and its various applications[ J]. Bioresource
Technology, 2001, 79(3) . 207 -225.

TEPHE. - RA AR & RS M) ]. a5 % Rk
240, 2004, 12(11) : 20 -23.

Shi Q S. Biosynthesis and application of y- poly glutamic acid
[J]. Fine and Specialty Chemicals, 2004,12(11) ; 20 -23.
ERE. Ry-BRAREBE SR EZRSNA)]. kit
kAT, 2010, 1. 20 -24.

Wang J M. Development and application of poly-y-glutamic acid
synergized compound fertilizer[ J]. Sulphur Phosphorus & Bulk
Materials Handling Related Engineering, 2010, 1. 20 -24.

Xu Z Q, Wan C B, Xu X J, et al. Effect of poly (y-glutamic
acid) on wheat productivity, nitrogen use efficiency and soil
microbes| J]. Journal of Soil Science and Plant Nutrition, 2013,
13 (3) . 744 -755.

Wang Q J, Chen S W, Zhang J B, et al
lipopeptides and poly-y-glutamic acid by solid-state fermentation of

Co-producing

Bacillus subtilis using soybean and sweet potato residues and its
biocontrol and fertilizer synergistic effects [ J ]. Bioresource
Technology, 2008, 99(8) : 3318 —3323.
Yao D H, Ji Z X, Wang C J, et al. Co-producing iturin A and
poly-y-glutamic acid from rapeseed meal under solid state
fermentation by the newly isolated Bacillus subtilis strain 3 — 10
[J]. World Journal of Microbiology and Biotechnology, 2012, 28
(3):985-991.
B, Aote, s, . FEREARIE RGN B K
AR )], R E A, 2013, 29(31) : 168 -173.
Zeng LS, Shi YL, LuZY, et al. Effect of new type synergist of
poly amino acid on vegetables growth and vyield [ J]. Chinese
Agricultural Science Bulletin, 2013, 29(31) . 168 -173.
W =AR, SRELHE, BRATIC, % R y-45 AR N B R i
FERIZAE BT LT ], WAl RL 2, 2010, 49(7) : 1638
-1641.
Yu S B, Zhang HY, Chen S W, et al. Effect of poly-y-glutamic
acid on the yield and fruit quality of strawberry [ J]. Hubei
Agricultural Sciences, 2010, 49(7) ; 1638 —-1641.
Xsi S, MRS, ARG, . B y-A BRI BOETE K
Fe bR R LT ]. W3 AE 4k B2, 2010, 49 (10): 2390
-2394.
Liu RY, Mei J X, Zhang L F, et al. Effect of poly-y-glutamic
acid synergist and benificiate complex fertilizer on rice [ J].
Hubei Agricultural Sciences, 2010, 49(10) : 2390 —2394.
B, BEIE, fm, BRSPS B y-A 2R 2 & ALt
T S A R R R B (1] i de gl B4, 2010,
49(10) ; 2395 -2397.
LiHT, Yang G Z, Ke Y, Chen S W. Effect of a strengthened
compound fertilizer by poly-y-glutamic acid on the yield and its
components of rapeseed ( Brassica napus 1.) [ J]. Hubei
Agricultural Sciences, 2010, 49(10) ; 2395 -2397.
e, B, BRUR, . R y- 8 @B UL XHR LT
YRR S ], gl R, 2013, 52(21) .
5167 -5170.
Zhai Y L, Cao X C, Li S Q, et al. Effect of poly-y-glutamic



862

Y E RS LR

Al

2 %

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

acid strengthened fertilizer on the dry matter accumulation and
distribution of cotton[ J]. Hubei Agricultural Sciences, 2013, 52
(21): 5167 -5170.

Gessert G. Measuring a medium ’s airspace and water holding
capacity[ J]. Ornamentals Northwest, 1976, 1(8) . 11 -12.
Selmer-Olsen A. Determination of ammonium in soil extracts by
an automated indophenol method [ J]. Analyst, 1971, 96
(1145) : 565 -568.

Edwards A C, Hooda P S, Cook Y. Determination of nitrate in
containing  dissolved carbon by ultraviolet

water organic

spectroscopy [ J ]. International Journal of Environmental
Analytical Chemistry, 2001, 80(1) : 49 -59.

Watanabe F, Olsen S. Test of an ascorbic acid method for
determining phosphorus in water and NaHCO; extracts from soil
[J]. Soil Science Society of America Journal, 1965, 29 (6) .
677 -678.

Wang H Y, Sun H X, Zhou J] M, et al
available potassium in different soils using a modified sodium
tetraphenylboron method [ J]. Soil Science, 2010, 175 (11) .
544 -551.

Barrows H L, Simpson E C. An EDTA method for the direct

routine determination of calcium and magnesium in soils and plant

Evaluating plant-

tissue[ J ]. Soil Science Society of America Journal, 1962, 26
(5): 443 -445.

Adam G, Duncan H. Development of a sensitive and rapid
method for the measurement of total microbial activity using
fluorescein diacetate (FDA) in a range of soils[ J]. Soil Biology
and Biochemistry, 2001, 33(7 -8) ; 943 -951.

Wang Y P, ShiJ Y, Wang H, et al. The influence of soil heavy
metals pollution on soil microbial biomass, enzyme activity, and
community composition near a copper smelter[ J]. Ecotoxicology
and Environmental Safety, 2007, 67(1): 75 -81.

Brzezinska M, Stepniewska Z, Stepniewski W. Dehydrogenase
and catalase activity of soil irrigated with municipal wastewater
[J]. Polish Journal of Environmental Studies, 2001, 10 (5):
307 -311.

Wang X, Liu Y G, Zeng G M, et al. Subcellular distribution and
chemical forms of cadmium in Bechmeria nivea (L.) Gaud[]].
Environmental and Experimental Botany, 2008, 62 (3): 389
-395.

Falkowski P G, Fenchel T, Delong E F. The microbial engines
that drive Earth’s biogeochemical cycles[ J]. Science, 2008,
320(5879) : 1034 -1039.

HI5, i, RS0 B y- AR RS UL B 545
BRI ] frahBaE, 2008, 29(3) : 56 -59.

Xia F, Cai H, Chen S W. Effects of poly-y-glutamic acid on
retarding calcium phosphate depositing and its chelation with
calcium ion[ J]. Food Science, 2008, 29 (3) . 56 -59.
R, WIL0E, R, . BUHERETOR ISR A A
LB )], R E IR S ALRAE, 2009, 15
(2): 441 -446.

LiJY, HuHQ, LiRJ, et al. Modified phosphate rock by poly
glutamic acid and its effects on the growth of rapeseed seedlings
and soil properties [ J]. Plant Nutrition and Fertilizer Science,
2009, 15(2) : 441 —446.

Ho G H, Ho T I, Hsieh K H, et al. vy-Polyglutamic acid
produced by Bacillus Subtilis ( Natto) : structural characteristics,

chemical properties and biological functionalities[ J]. Journal of

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

the Chinese Chemical Society, 2006, 53(6) : 1363 —-1384.
XuZ Q, Lei P, Feng X H, et al. Effect of poly (~y-glutamic
acid) on microbial community and nitrogen pools of soil [ J].
Acta Agriculturae Scandinavica, Section B — Soil and Plant
Science, 2013, 63(8) : 657 —-668.

Taulé C, Mareque C, Barlocco C, et al. The contribution of
nitrogen fixation to sugarcane ( Saccharum officinarum L. ), and
the identification and characterization of part of the associated
diazotrophic bacterial community[ J]. Plant and Soil, 2012, 356
(1-2):35-49.

Singh G, Biswas D, Marwaha T. Mobilization of potassium from
waste mica by plant growth promoting rhizobacteria and its
assimilation by maize ( Zea mays) and wheat ( Triticum aestivum
L. ) : a hydroponics study under phytotron growth chamber[ J].
Plant Nutrition and Fertilizer Science, 2010, 33 (8): 1236
-1251.

Richardson A E, Barea J] M, McNeill A M, Prigent-Combaret C.
Acquisition of phosphorus and nitrogen in the rhizosphere and
plant growth promotion by microorganisms[ J]. Plant and Soil ,
2009, 321(1-2): 305-339.

Perrott K, Sarathchandra S, Waller J. Seasonal storage and
release of phosphorus and potassium by organic matter and the
microbial biomass in a high producing pastoral soil [ J]. Soil
Research, 1990, 28(4) : 593 -608.

BN, MR G, BRE. C, NI C/N HEXHRE i ak
M. HEYE TR SIEA, 2002, 8(2) : 197 -204.
Zhao X R, Lin Q M, Li B G. Effect of C, N source and C/N
ratio on the solubilization of

rock phosphate by

some
microorganisms [ J ]. Plant Nutrition and Fertilizer Science,
2002, 8(2): 197 -204.

g, R, IR - ROERRM R L AOKIEREL)]. P
fiRydk , 2011, (7): 57 -60.

Ju L, Ma X, Zhang J. Fermentation of y-polyglutamic acid and
its water holding capacity[ J]. China Brewing, 2011, (7). 57 -
60.

E@F, ERW, EBE, F R -y SEBN TR T
KRR R [T]. Aerp Rk k2% 240, 2007, 26
(3):340-343.

Wang J] P, Wang X L, Wang C J, et al. Effects of poly-y-
glutamic acid on tobacco seed germination and its seedling growth
[J]. Journal of Huazhong Agricultural University, 2007, 26
(3): 340 -343.

FAAFL, Frolb e, WAL, % PCA MGG 1 i M 2 H it
FRCRIPES[T]. BHEAP R, 2010, 49(4) . 884 -887.
Wang R F, Yin Y X, Hu S Q, et al. Evaluation of the effect on
utilization poly-y-glutamic acid in citrus unshiu [ J]. Hubei
Agricultural Sciences, 2010, 49(4) . 884 -887.

FVRREL, FEWERT, HHHE, G5, 77 y-RAT SR R A 01 6 S
X EKRGHE KB [T]. Rt R 22440, 2011, 34
(2):91-96.

Yin C H, Yong X Y, Ran W, et al. Screening for y-PGA-
producing strain and the effect of y-PGA on growth of maize
seedlings[ J|. Journal of Nanjing Agricultural University, 2011,
34(2): 91-96.

XuZ Q, Lei P, Feng X H, et al. Calcium involved in the poly
(~y-glutamic acid ) - mediated promotion of Chinese cabbage
nitrogen metabolism [ J]. Plant Physiology and Biochemistry,
2014, 80 144 -152.





