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Effects of spraying alkaline thermal hydrolysis liquid on leafy vegetable yield and nitrogen invertase

WU Chenrui'?, XUE Xiaorong'?, WANG Yongliang'?, BAT Ju'?, GUO Caixia'*, YANG Zhiping'?, ZHANG Qiang"*

(1. Shanxi Agricultural University, Taiyuan 030031, China; 2. Shanxi Provincial Key Laboratory of Soil Environment and Nutrient
Resources, Taiyuan 030031, China)

Abstract: The polypeptide—rich liquid extracted from alkaline thermal hydrolysis (ATH) sludge has proven to be non—toxic and usable in
agricultural production, resulting in a significant increase in crop growth. However, little research has been done on the nitrogen uptake of
crops or its assimilation mechanism via this liquid. In this study, Brassica chinensis was sprayed with ATH liquid diluted 200, 400, 600,
800 times, and 1 000 times, and, using water as the control, the yield, nitrogen absorption and assimilation, and key enzymatic activities
were measured. The results show that as the dilution ratio of sprayed ATH liquid increased, all indices showed a trend of first increasing
and then decreasing. When the ATH liquid was diluted 400 times, the nitrogen accumulation, relative chlorophyll content (SPAD value),
and yield of B. chinensis were higher than those of the control after harvest. Under these conditions, nitrate reductase (NR), nitrite reductase
(NiR), glutamate dehydrogenase (GDH), glutamine synthase(GS), and glutamate synthase (GOGAT) could maintain a high activity during
the growth period. The partial least squares path modeling (PLS—PM) analysis showed that the nitrogen absorption in B. chinensis was
predominantly affected by NR, GS, and GOGAT after spraying ATH liquid and that GOGAT significantly improved the yield. The

appropriate dilution rates of sprayed ATH can improve the activities of nitrogen assimilation—related enzymes to promote growth and
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nutrient absorption in broccoli, thereby increasing the yield.

Keywords: alkaline thermal hydrolysis liquid; nitrogen converting enzyme; nitrogen utilization rate; partial least squares path modeling
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Table 1 Physical and chemical properties of alkaline thermal
hydrolysis liquid

1 H Item g Content T H Ttem £ 1 Content
AL/ (g-17") 153.49+9.37 || Mg/(mg-L™")  25.08+1.19
JERITR/ (g L) 8.11+0.08 Fe/(mg-L") 54.4125.00
FAE/ (g 1) 63.6+1.9 Mn/(mg-L™") 0.27+0.03

Zk/(g- L) 116.7+12.1 || Cu/(mg-L™") 0.12+0.02
AR/ (¢ 1) 5467521 || Zn/(mg-17") 1.64+0.13
NH:-N/(g-L™) 1.2840.13 || Hg/(pg-L™) 66.23+5.88
NO-N/(g-1™") 0.19£0.04 || As/(mg-L™) 1.78+0.09
TN/(g-L™") 44.08+0.32 || Cd/(pg-L™") 12.29+3.84
P/(mg-1.7") 316.0+18.9 || Pb/(mg-1") 3.02+0.12
K/(g-1") 8.75+0.05 Cr/(mg-L") 1.81+0.08
Ca/(g-L™) 55.3+3.7

AR 1 18 2.5 kg, 45 4b Rt A L8 (R K 120 mg -
kg™ . P,0s 100 mg- kg™ . K,0150 mg-kg™) Ji7 , 47 3 d,
VK LB 5 K (WEPS) (R 57 60% . 7%
& 12RLFN 7, FER 3 F I R AR A W, B AE T 3
MR, 8 5 RERR 7 d JEAT— YR Ak 3, L 6 IR .
A3 R S B R DX 1 B 0 2 P R A T — K
i b RE S AR AR BISCRIL IR 3 Yk, T 2021 41 8
A 10 HHERN, 9 1 26 H R, 56 B (] A9 - 34 38 B
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1.3 METH
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HBAMRE S TE 105 °CF 447 30 min, 70 °C N4t T 2 i 2
H 8 JG FR T B A =T W i B iead 60 H i (L
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RFE SR 2 -80 CI g, I FEEE M . A
-2 ZE A XS 7 1 (SPAD ) R F SPAD-502 430 ™1,
1.3.2 R WM A0 AH DG TS T 0

SR P TR B 2 W 860 000 /I 7 332 Hh 1 i PR 3 i
fitt (NR) | 0 fiff B2 ik Jit B (NiR) | 4% 2 IR i & g
(GDH) .43 2 B2 45 U (GOGAT) 45 % ok e 45 i Ty
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PO, PRI BIEEE | 2500 J5 P2 B 35 W F 96 L UV it
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B I A= 0 AT BR 2 ) o

1% WHART]

1.3.3 Z¥0 R IR g1t
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RE T2 (%) =R Z WU - X BEZH 0= I
i)/ R

K SPSS 23.0 B 47 7 22 3, B{E LU A/
22 R TR . R Origin 2018 il &, fhi
/NS AR (PLS—PM) A AU A FH R 75 H “plspm” 4K
AT 53T -

2 HERE55M

2.1 AEABBREHAEEIT/NSESPAD FIEYMER
A

/N 3 SPAD FERE AN A H WA S5 TR R REAIR
A T 1a) , W58 it AN 7] s 88 A3 250 1 AVl o Ak B ¢
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Figure 1 Effects of different concentrations of alkaline thermal hydrolysis liquid spraying treatments on SPAD and

dry matter quality in Brassica chinensis in different periods
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Table 2 Effects of yield, nitrogen absorption and utilization in
Brassica chinensis at different stages of different concentration of

alkaline thermal hydrolysis liquid spraying treatments

Ho bR R B

o N AERWMRE
o ; et Ai?viﬁuzd Nitrogen  RUSFI IR
Treatment  Yield/ nitrogen u‘pt‘ake Nll‘m‘gen e
(geplant™)  accumulation/ ef(ﬁc.le{llc;y/ efficiency/%
(mg-plant™) &8

CK  47.13+3.89b  86.92+4.01c¢ 0.29+0.01¢
T1  47.53+0.46b 114.67+7.07ab  0.38+0.02ab  9.18+0.08b
T2  58.62+1.77a  126.78+5.86a 0.42+0.02a  13.18+0.02a

T3 51.63+4.71ab 108.75+3.66abc 0.36+0.0labc  7.22+0.01b
T4 50.60+0.28ab 106.61+13.79abc  0.35+0.05abc  6.51+0.05b
T5  50.47+4.93ab  93.76+2.25bc  0.31+0.0lbc  2.26+0.01c

VT« (A S AN ) 7 BE 7R AN [ A 3R] 22 57 P<0.05 K- ik 2
Note: Different letters in the same column indicate significant
difference between treatments at P<0.05 level.
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Figure 2 Nitrate reductase(NR) and nitrite reductase(NiR) activities in Brassica chinensis at different stages of different concentration of

alkaline thermal hydrolysis liquid spraying treatments
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Figure 3 Glutamate dehydrogenase( GDH), glutamate synthase(GOGAT) and glutamine synthase(GS) activities in Brassica chinensis at
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