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Abstract: [ Objectives ] Exogenous amino acids have been proved of alleviating the stress of NaCl on crops,
but not yet about their effects on that of alkaline salt (Na,CO,). In this study, we investigated the effects of a
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preparation made of gourmet powder tail liquid, aiming at providing more support for the recycle of the tail liquid
in agriculture, particularly in salt-alkaline soil. [ Methods ] The tested tail liquid contained total crude protein
47.62%, total free amino acid 15.4%, Na" 1.2% and the pH was 3.9 (solid: water ratio of 1 : 250). Seed
germination experiment showed that seeds of pakchoi were presoaked in solutions containing 0, 0.05, 0.1, 0.2, 0.4,
0.8 g/L of tail liquid for 12 h, then they were loaded inside germination dishes containing 5 mL of 0, 10, 20, 30
mmol/L Na,CO, solution. The germination potential, percentage of germination and lengths of radicle and
plumules were measured. Hydroponic experiment showed that pakchoi seedlings were cultivated in nutrient
solutions containing 0, 0.05, 0.1, 0.2, 0.4, 0.8 g/L of the tail liquid solution, and 0, 2.5, 5, 10 mmol/L of Na,CO;,
respectively. The fresh weight, SPAD value, root length, shoot height, content of SOD, POD, CAT, O; producing rate,
proline and MDA content in pakchoi leaves were measured when Na,CO, stress was observed. [ Results ] 1) Under
the same Na,CO, concentration, germination potential, percentage of germination, lengths of radicle and plumule
of pakchoi showed a trend of increasing first and then decreasing with the increase of tail liquid concentration.
Pakchoi grew best at 0.1 g/L preparation concentration under all the tested Na,CO; stress condition. 2) Under the
same Na,CO, concentration, seedling fresh weight, SPAD value, SOD, POD, CAT activities increased, and the O;
producing rate and MDA content decreased within low concentrations of tail liquids (0.05-0.1 g/L). When the
concentration of tail liquid was in range of 0.4-0.8 g/L, pakchoi growth was severely inhibited, and fresh
weight, SPAD value, root length, shoot height decreased greatly, while 0, producing rate and MDA content in
leaves increased. 3) Under 2.5 mmol/L of Na,CO;, 0.05 g/L of tail liquid was the best option, while 0.1 g/L of tail
liquid was the best concentration under 5 mmol/L and 10 mmol/L of Na,CO, stress conditions. [ Conclusions ]
The desalted tail liquid of gourmet powder could alleviate the inhibitory of Na,CO, stress on seed germination and
seedling growth of pakchoi. Within stresses range of Na,CO,10-30 mmol/L, adding 0.1 g/L of the tail liquid into
the hydroponic solution is satisfactory in promoting pakchoi seed germination. Under 2.5-10 mmol/L of
Na,CO; stress, addition of 0.05-0.1 g/L tail liquid is effective in improving antioxidant enzyme activity of
leaves, reducing cells membrane permeability, enhancing leaf photosynthesis, which is the key of higher
resistance to Na,CO; stress and healthy growth of pakchoi.

Key words: amino acids; desalinated monosodium glutamate wastewater; Na,CO, stress;
pakchoi (Brassica chinensis L.); seed germination; seedling growth
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Table 1 pH and electrical conductivities (EC) of nutrient solutions after adding different amounts of tail liquid and Na,CO,

Na,CO; AbE 7K Na,CO, level (mmol/L)

W I (/L
Tail(lfﬁi:j(;5 a((iiitiz)n 0 23 > 10
pH EC pH EC pH EC pH EC
0 6.00 1554.0 9.38 1607.1 10.25 2050.2 10.66 2748.3
0.05 5.60 1598.3 9.22 1761.8 10.12 2059.0 10.56 2751.1
0.1 5.31 1639.3 9.05 1812.4 10.00 2075.3 10.46 2753.7
0.2 4.81 1671.7 8.84 1913.2 9.72 2130.1 10.28 2764.5
0.4 4.41 1781.1 8.51 2113.4 9.41 2308.0 10.00 2833.9
0.8 3.95 1996.8 8.19 2517.4 9.06 2681.3 9.64 3077.0
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Fig. 1 Germination potential and rate of pakchoi seeds under different Na,CO, and tail liquid addition levels
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Fig. 2 Length of root and plumule of pakchoi under different Na,CO; and tail liquid addition levels
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Fig. 3 Fresh weight of pakchoi under different Na,CO, and
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Table 2 Shoot and root length of pakchoi under different Na,CO, concentrations and tail liquid addition levels

For JEWFiTEE (g/L) Na,CO, 7K*F Na,CO, level (mmol/L)
Index Tail liquid addition 0 25 5 10
Pk Shoot height (cm) 0 12.1a 13.4 ab 125a 85b
0.05 109 a 14.0a 13.0a 9.1 ab
0.1 9.0b 12.7 ab 12.6a 10.0a
0.2 6.1¢c 11.9 be 11.6a 7.0c
0.4 6.5¢ 10.2 cd 8.7b 6.6 ¢c
0.8 S.1c 83d 730 52d
HK Root length (cm) 0 93a 8.8a 84a 54a
0.05 6.0b 7.1a 95a 58a
0.1 3.7¢ 390 59b 43b
0.2 1.2d 38D 4.2 be 1.8¢
0.4 1.2d 22b 22¢ l.lc
0.8 1.3d 2.0b 24c¢ 12¢

1 (Note ) : [FIFIAIRIFEER R F—F5bRAATR] Na,CO; ¥ BE T AR BN A &t 1] 22 73K 0.05 527K Different letters in same column
represent significant differences among tail liquid treatments at the same Na,CO; concentration at the 0.05 level.

TR VA B /I SR AR A A A R L AR AN N
Na,CO, %M Rl A G RHESMRIRAME, B2
TR B R A VR FH 8GR . 7E 2.5 mmol/L Na,CO, 5%
T, MR R, WEKFEE—E TR, R
0.05 g/L AbFRANLE Ab B 5 AN TR In Ak Bk ) 22 5 1
FEIKF, fE 5. 10 mmol/L Na,CO, &4 F, 5%
JnAb BRAHEE, B 0.05 g/L Ab FEAR K 43 5 48
13.10% 1 8.07% Ak, FHAx R AL i 240 i /N
AR
2.3 IRENKIE R RIS Na,CO, BB /MBI E
RSB E R R

bifi%g Na,CO, ¥ L F-, 0 g/L BiRALFH I A
ALY AL (SOD) T 2B LTS TR
. 7E 10 mmol/L Na,CO, 4 T ) SOD Jfi ¥ A Xt H]
14 (0 mmol/L Na,CO,) T 78.50%, ‘g &Ml T
SOD UG, 7EAIN Na,CO, 4T, SARINER
APEAR L, B R B 1T, SOD itk
THa RS, SOD i&t i 0.1 g/L AbBE 3% -
Tt 34.17%, 1Ak E 0.8 g/L AP R 10.01%., 1E
2.5, 5. 10 mmol/L Na,CO, i}l F, /NAZEMH A
SOD {ifi P4 Fifl B2 Y v B2 B4 I ¥4 s 35 b TH e T BRI
#oLL0.1 g/L BIRSCR B

B % Na,CO, MM LT, 0 g/L Bl Ab3rt
it E ALY (POD) 3PS LG B TR T REAY A

FEANN Na,CO, 55140 T, SATME AL H#AF L,
POD Wit 2 “Hpf— EF-TFE” my@a#, Llo.2
g/L A STE PRy, W EHEIN 43.66%., TE2.5. 5.
10 mmol/L Na,CO, 54~ , 21k R IR Re e i sl
F; POD 754, L4 0.05 /L 87 0.1 g/L BRI ISR &
5 (3 3),

ffi Na,CO, WK £y BT, 0 g/L Bk Ab#nt F
CAT &M 2% LG FREMEHE . £ Na,CO,
AN, BRI BRI, &AL BN
CAT IEMH B EI A FTHE FREBEE, ¥mT ogL
AbBE, 7E 2.5, 5. 10 mmol/L Na,CO, &1 F, &8
WAL FIIAREER M B N S e CAT 161, 0.8 g/L
BRI R /N SEM T CAT W MU R I (36 3).
2.4 BRENKIE R RIS Na,CO, BB /B34
M AEMEMAZE (MDA) &SN

R EE Na,CO, 23 b 82 5 T e WAL BRI F i T
PER (05) PHEE, SXMAAL, 10 mmo/L
Na,CO, 55 F = A s R 42 15 58.71%. FEANI Na,CO;
ST, SRR, O, AmKEHET
Me)m BT a3, 0.05 g/L &b B AY 77 A i R [
10.74%, 1fij 0.2~0.8 g/L AbFEIE1E A 38.32%~69.99%.
7£2.5. 5. 10 mmol/L Na,CO, #EF, 0.05~0.2
g/L BRI/ O P2 R R [ T vk
JE I HUR 0.8 /L RIS bl (5 O, 72 A R
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Table 3 Activities of antioxidative enzymes in pakchoi leaves under different Na,CQO; concentrations
and tail liquid addition levels
ok R (/L) Na,CO, 7K3F- Na,CO, level (mmol/L)
Index Tail liquid addition 0 25 5 10

SOD 7% (U/g, FW) 0 367.76 be 426.03 b 428.70 b 288.70 ¢

SOD activity 0.05 415.32 abe 467.99 ab 477.55a 384.22 ab
0.1 49342 a 549.08 a 467.30 ab 43397a
0.2 481.14a 515.31 ab 466.06 ab 349.39 be
0.4 437.26 ab 43034 b 378.21d 334.88 be
0.8 33097 ¢ 441210 385.73 cd 292.40 ¢

POD {fifk [U/(g'min), FW] 0 2413.70 be 2702.18 ¢ 3431.99 b 2241.49 ab

POD activity 0.05 2617.69 be 2828.66 ¢ 3788.31 ab 3100.30 a
0.1 2297.14 ¢ 476332 a 3876.38 ab 1966.10 b
0.2 3467.48 a 3669.90 be 342433 b 1939.55b
0.4 2993.72 ab 3940.92 ab 429121 ab 1397.80 b
0.8 2699.47 be 317832 be 441182 a 1700.48 b

CAT itk [Ul(g'min), FW] 0 231.27d 696.41 b 207.47d 383.34d

CAT activity 0.05 601.72 be 757.77 ab 528.67 694.74 be
0.1 738.48 ab 614.26 b 705.78 be 437.87d
0.2 858.80 a 847.21 ab 945.21 ab 608.94 ¢
0.4 700.68 ab 71033 b 916.44 ab 839.32b
0.8 42322 cd 1111.70 a 1037.28 a 1004.93 a

IE (Note) : [FIFVEUESE AR T EEKIR [R5 FRAH R Na,CO, e T AN [ 2 O A £ 4 R 1) 22 553K 0.05 237K T Values followed by

different letters in same column represent significant differences among tail liquid treatments at the same Na,CO, concentration at the 0.05 level.

(3% 4). Fifi Na,CO, ¥R EE R, JCREW AL HE: (1)
MDA i B8 —H TRk, S, 7810
mmol/L Na,CO, &1~ MDA & & I & 3 fin ik
54.83%, {E 0~10 mmol/L Na,CO, ¥#JE T, Bk
FERET, /NFISEM F MDA R S B R S LT
HyaH, TE4HIE Na,CO, &1FF, 0.05~0.4 g/L J&
WBIREREAL/ N AR - MDA & i (3% 4),
2.5 FRERRAE R Na,CO, fhiBE T /NAXLNE
iR RER = 2 RS20

Bl %5 Na,CO, ¥ B/ LT, TR AL 7 (1)
Pro it 3 “FRE-LF-FFE” s, e
Na,CO; £, BR 0.05 g/L AbBRM: A i) i 20 R 7
5 IR AL AR L B AR Ah, e b B 2
fn. 7E2.5. 5. 10 mmol/L Na,CO, ¥, ik )i
(0.05~0.1 g/L) RN 2R & it 5 AU I Ab SR A
-, EHRIE (0.2~0.8 g/L) B4 B E B /et
IR & i (K 5),

3 g
3.1 FREERRKE RS Na,CO, ihBE T/hNEFEMT

A & HO 2

Na,CO, ¥k =5 ] /> ISRl & i 3 i /E
#EE . 7F 30 mmol/L Na,CO, ¥ & N IR 2E Wi fh iz 5
AFEARR, T RAR U ZE 20 mmol/L Na,CO, ¥ & F %
Wb K JE AN A . 3X 1500 Na,CO, XFIRAR B4 il 7k
FHBERTIRZE, 5 0 e A0 R 21 I 5 ORI SR 45
—, WA, AL AE 15 mmol/L Na,CO; 3
Berp RIBET, VLB Na,CO, Xt /INH 3240 1 B4 il 76
BRTAT . XIEE DR AT RS, ety
—EFEE e A e,

SN R FRRERS UG VR I T A AR
o VE P B TS DR PE SR AT, SRR S A E P
ARFB 22—, AR Na,CO, WA T,
PL0.1 g/L Rk i A BEFR 7 i & o i decdi, P
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&4 TE Na,CO, SRE T BLERRAE R xS/ B3R O, P4 R AR 8 (MDA) & 2 RIS

Table4 O, producing rate and MDA content of pakchoi leaves under different Na,CO, and tail liquid addition levels

ek S (/L) Na,CO, 7K Na,CO, level (mmol/L)
Index Tail liquid addition 0 25 5 10
0, F=HEHR 0 0.30 be 0.28 ab 0422 0482
0, producing rate 0.05 0.27c¢ 0.18b 0.36b 0.43 ab
[mol/(g-min), FW] 0.1 0.34 abc 020b 0.26 ¢ 034b
0.2 0.52a 0.18b 0.26¢ 0.42 ab
0.4 0.42 abe 0.27 ab 0.40 ab 0.53a
0.8 0.48 ab 0382 042a 0.52a
MDA 0 10.70d 14.63 b 14952 16.57 a
MDA content
conten 0.05 6.60¢ 9.64 cd 1338 ab 9.96 ¢
(umol/g, FW)
0.1 11.90d 8.20d 12.05 be 11.62 be
0.2 15.11¢ 10.15 cd 11.50 be 1023 ¢
0.4 19.64 b 12.10 be 9.96 ¢ 14.40 ab
0.8 2579 a 22.61a 11.44 be 16.14 a

¥ (Note) : [FFEUE G AR FEEFR R — 48 b5 R Na,CO, e EE N A [A] BINA BE AR B 22 53K 0.05 .3 /KF Values followed by

different letters in same column represent significant differences among tail liquid treatments at the same Na,CO, concentration at the 0.05 level.
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E 5 A[FE Na,CO, iRE TEE KSR iRx Akt F
a2 m
Fig. 5 Proline concentration of pakchoi leaves under
different Na,CO; and tail liquid addition levels

[E (Note) : B RMMAIKEE (/L); H AR RS
AATA] Na,CO, ¥ BE N AN [ B W AR il B2 b B ) 22 53K 0.05 12 #K
- Legends represent the treating concentrations of tail liquid (g/L);
different letters above the bars are significantly different among tail
liquid treatments with the same Na,CO; concentration at the 0.05
level.]

2% fift Na,CO, Xt 1w K (M, X n] B I A ik
HRaTEBEMIONE TRE, &R NEEA
A A AN IR, TR R ) R R R AR R i A
A BER T KA T EE AR TN ER, ANUAT LA e A
TEABE ., EHERTEYE, ] IR RN 2

BH, FB BN, WA, AT4ERRIE
AT A AR AN, B K RO R R S A0
55 1% S Pk 2 WA 56, AN 3 1R T LA 4 s
THUAALEETG R, 2B Ak e R 38 T 76 o 4R R AU
0B R 1 T RO S = (> 0.4g/L) W
SRS 7 e X b7 i, R RS B 2 R
PEIF S — sy, WREE R E e 21 iR 3 R
E, IR A
3.2 BRERRAE R Na,CO, B R /B34t
e A

WFFCUERE SRR E IR N RE/ N S B
e, TR pbRR . AUE SR, S SRR Ik
At , MERBER, REEWAELK., 7
Na,CO; A~ , 38 HWE R IR R T 4ot a
EH, fRF TR0 MR, 8 T4 A K e, M
BT Na,CO, Bt X /NSRG53 . SR
1M, Wb MRS R ROk B i St 2 R AR . K
R AR 5 FR e Ak pH Mg 5.5~6.50°7, {HA SCHr
BRI, VB A i W A5 FR U pH T Rk
(F 1), G T/NESREER ALK, [, RBilA
B & — e EmN L, HEd RS S Na,Co, —
FERE R ERE . I, 750 Na,CO, &4 T, Bl
JETF /NSRS AR K Z B, AN BEIE
o FEARRIERBRPME T R 8 FH I BV B Y R



1030 Y E FF 500 K 22 M) 25 4%

G3A0 TR RS 2 VT 3 2 T AL I R R AR
MDA &5 R0, P2rE R, W s e A 1 48 fk %t
T B, R BRI T2 Na,CO; ki
FITER, X5 Sun SFRORIEAR R AR FT 45 R — 3.
MOEEAEH RRAE, hFE S HIIREY
FrAnfRE R S5 A fe, BRI Y R R, 0, i
MDA J&E A AT BEIE 7 55 B EEA8 R, W
TEIEY XA Z S, FEETINE; K
Fh, MDA &5 RAY RS, MEAT . IR
AR A, G EEELE Y, FhF D, NaibmidR
MERARGE R, RN SRR, SRR SR
W, JExFtRC RS 1O P s, s
HL & 33 A PSIT (6 & AR FH TG Jo9amatl, DA st 559
JeHVER, ARG EBURAN L, IHAgRA
Ko B REAEAE Na,CO, B R, IR AL BEXT T
FAL BRSO # A —, TE 2.5 mmol/L Na,CO, 514
T, BOREAER 0.05 /L AN BEAER N ¥ i 4 T
=Rl AIE M, MAE 5 mmol/L Na,CO, 54 F, #R
AP 0.1 g/L RIRACHEXTHE = CAT ISHEMVE I
&, {H7E 10 mmol/L Na,CO, 5T, ZUR&IFHY
0.1 g/L A3 - POD JH M Sz i fir B I (55 3.
F 4), HIFEHE ARl — S RABE .

ZE b, EERWRAS R 2 T LA AE 4% 2% it R b
i, AT RE R TR WA B R M AR R R — 3 4
Na,CO; FIBRE , (HRR 3 PR I 10 2 I Ak B 5
WpHETRIEEAR (RA 0244, £ 1),
DL, BRTREMRFERRCPHER . 248 . HE
Mg 55 22 it B s R AL R R R VE R . g Rl
RS R YA e A R R R R R AL T kA2, H
A LR E IR VLB S i i V& Ja T i i, 7
VLR HIBIEFE R, B T80 2 SR o i o
B 0T .l R AL 3 R — A I L R 45 A
oy BARRINVE R LA B A 1oy Z [ n] REAEAE PR IR] . 45
PilER, NEFERRIE LT & . R RS .
4 4he

1) 38 VR BE A B0 AR RO R U RE 8 B B 2% AR
Na,CO, (10~30 mmol/L) %/]s 3R 71 & 47k
M, #E/NEEM TR LS IR MR,
PLO.1 g/L B ERUR B, 28R40 K i 4
B 6.56%~72.73%.

2) 3 VR BE 0 IO R ORG 2 Vi RE 8 o B = v
PUEALBEIGTE , RO, 7= A R P AT MDA 5
IR A R R R, R OB AERT, (it
INFISESE AR, NITTZEA# Na,CO, (2.5~10 mmol/L)

XN SR i AR R B A, KA L 0.05~0.1
g/L R ROR i
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