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Effects of Urea Hydrogen Peroxide and Urea Ratios on Growth of Brassica campestris in

Hydroponic Culture

WANG Rui"?*?, LI Yilin®, YU Min'", SHI Weiming'*

(1 International Research Center for Membrane Biology and Environment, Foshan University, Foshan, Guangdong 528000,
China; 2 State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 3 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Nitrate enrichment and oxygen supply in hydroponic vegetables are urgent problems that need to be solved in the
current hydroponic system. In order to reduce the nitrate content of Brassica campestris ssp. Chinensis (L.) in hydroponic culture,
firstly, urea was used to replace partial nitrate in the Japanese garden test nutrition solution, and then different ratios of
urea-hydrogen peroxide (UHP) to urea were designed to study the effects of nitrate reduction and increment oxygen on the growth
and quality of B. campestris in hydroponic. First of all, 30%, 40%, 50% and 100% urea were used to replace nitrate to optimize
the Japanese garden test nutrition solution. Compared to the control treatment, 50% urea substitution treatment significantly
increased the yield and had a significant effect on root growth of B. campestris. Furthermore, 10%, 30%, 50% and 80%UHP were
used to replace partial urea in the modified Japanese garden test nutrition solution to determine the best ratio of UHP to urea and
nitrate. The results showed that with increase of UHP concentration, the dissolved oxygen concentration in the nutrient solution
increased significantly by 7.63%-39.70% compared with the control. Moreover, the yield of 30%UHP treatment increased by
27.65% compared with the control, as well as the total root length, root surface area, average root diameter, root volume and root

tip number respectively increased by 24.68%, 36.92%, 16.90%, 28.19% and 28.89%, however the growth of B. campestris
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significantly inhibited in 50% and 80% of UHP treatments. Chlorophyll and VC contents in 30%UHP treatment were significantly

increased by 71.25% and 34.91%, respectively, than the control. With increase of UHP concentration, the nitrate content of leaves

showed a downward trend, nitrate content significantly decreased by 3.86%, 9.69%, 22.71% and 26.87% respectively in 10%,

30%, 50% and 80%UHP treatments compared with the control. It was concluded that appropriate nitrate reduction and increment

of oxygen could stimulate root development, improve yield and quality of B. campestris. The optimized ratio of nitrogen content

in UHP : urea : nitrate was 3 : 7 : 10.

Key words: Hydroponics; Brassica campestris; Urea-hydrogen peroxide; Urea; Quality
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Bk WSS L EIETR L AR SRR R AR AL
AP ER A 7 I E SRS 2 SRR L2, 34
FEE TR Y BRe T, T4 & i SR SR
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Table 1 Different urea and nitrate ratios in nutrient solution

AbE THIRH (mg/L) iR — &4 (mg/L) L/KBREE(mg/L) fEMR(mg/L) IRE(mg/L) HILF5(mg/L) PU/KAEERES (mg/L)
CK(RX L J7) 808 153 493 0 0 0 945
30% JRE 808 153 493 201.6 144 444 0
40% R%E 808 153 493 100.8 192 444 0
50% RE 808 153 493 0 240 444 0
100% JRZE 0 153 493 0 480 444 0

7E LRI i Semt [, 2R 50% IRFERFMRH A
Fel il Jy i A RS R SR R4 T LA 356 o 10 % A 2 )
RS . DL H AR B C SR R, BT A R
(A AP A —20), LUHRRER . JRZEM UHP A
AR, UHP & 4 DNWREE, 43510k 10%. 30%. 50%
1 80%UHP AR IR R (HAL WL 2), fEIcE R
a7, 6 b PrBCE TR LA 1 mol/L Y& Ak

PR WA 2 pH 5.8 Bt 5 AR, AR ER AT
3, BEHLHES . IFBRCE AR LHEE R 5 DMAREE, U
T3 d AN [R] Ak B S 0P Ak ARk B2 TR A (45
d)IE LR RAERCERK . KR
AR AR AR L RIRB) | AR R | R AR (R
MREh & i . VC &), B i KB AR L, T
A3 S

#z2 AFE UHP RRZEELEHEF RS

Table 2 Different urea-hydrogen peroxide and urea ratios in nutrient solution

Qb FR MM A (mg/L) BEMR A% (mg/L) E/KBIRE(mg/L) FR#FE(mg/L) F L5 (mg/L) UHP(mg/L) PUIKAHRES (mg/L)
CK(F B Jr) 808 153 493 0 0 0 945
10%UHP 808 153 493 216 444 36.8 0
30%UHP 808 153 493 168 444 110.4 0
50%UHP 808 153 493 120 444 184 0
80%UHP 808 153 493 48 444 294.4 0

1.3 SHrlEFH %

K WinRHIZO(Pro 2012)4R £ 204 2 G2 il 5E MR
ZA8h5; RFFFE Unisense S L% R 45(0X50, 0=40
~ 60 pm)E E IR T AR R s SR AR R AN
CCM-200(Opti- Sciences, ¢ E)lE M2 %& & &, it
SREANCBE S M AR R S E AR e R, TR
e e R RO LI E (GB 5009.33—
2016) IR EL Sy SR 2,6- S HE I & I E
(GB/T 5009.86—2016)VC 75 !5,

1.4 HIBAIE
i Excel 2003 #2511 SPSS statistics 20 453t
IR A AT B AL B, Origin 2018 AR {4F/E A .

2 HEREHW

21 ARRERBEERMEIE EESEKKIE

H12 3 FTLAE AN [a] A B R) -0 i 500
F2F50% PREFE LI U (e ) I
m T AR, 5 CK ML, 50% JRZEALH =5

*3 FRRZERBEESARLENKIELBEEMENFIT

Table 3  Effects of different urea and nitrate ratios on growth of B. campestris

A MR bR) Mo AR (e/kk) Mo TR (g/4k) i T (/) Ho RS (g/ )
CK 122 72.1b 3.18b 523b 1.03 b
30% JRE 13a 73.9 ab 3.25ab 6.26 ab 1.31ab
40% JRE 14a 72.4b 3.11b 6.73 ab 1.36 ab
50% JRE 14a 75.8a 4.02 a 711a 143 a
100% JRE 12a 63.3¢ 221¢ 4.96 b 116 b

T FFIAR/NG 55 3R A B A 22 5578 P<0.05 /K%, Tl
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N 5.13%; 117 100% bRZANFE = A, 5 CK # L,
100% FRZE AL B~ F#A% 12.21%. 5 CK A, 50%
PR ACFRIP) 1365 75 AR fef 7 B 25 10 i 35.95%. HH I,
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& Ab P K I H 80%UHP(336.26 pmol/L)>50%UHP
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(267.24 pmol/L)>CK., As[]4b3[a] 2= 5 1 3 (P<0.05).
W5, BEE BT RS, A AR B 2 PRI 3
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Fig. 1 Dissolved oxygen concentrations of different UHP and urea
ratios
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Fig. 2 Effects of different UHP and urea ratios on yield (A), root fresh weight (B), root-shoot ratio (C) of B. campestris
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Table 4 Effects of different urea-hydrogen peroxide and urea ratios on root development of B. campestris
pisiil SR (cm) HREH A (em?) P ERmm) R (em’) HRAEL
CK 979 + 145 be 10037 +£1.65¢ 0.35+0.003 b 0.94 £ 0.03 be 2814+139¢
10%UHP 1104 + 64 ab 103.39+1.36 b 0.37+0.008 b 0.97 +£0.01 be 3090+73b
30%UHP 1221+79a 137.42+£0.82 a 0.41£0.012a 1.21+£0.02a 3627+ 125a
50%UHP 937 +£92 be 98.78 £ 1.56 cd 0.31+0.009 ¢ 0.88+0.07 ¢ 2781 +101¢
80%UHP 858 £ 118 ¢ 97.06 + 1.61 d 0.30+£0.013 ¢ 0.81£0.03d 2571+£87d
Sr a 50%UHP Fl 80%UHP 4bH VC &4 B &% 8.34%
o | 119.63%, AL E TSI PG AL UHP 7 Bl L)
3 R FBSE VC o,
30 b Ry A
% 25k l£c : (%d ) 3 'LTJ-'LB
©20r 1 TEHRFAE RIS, 50% IREEAH
5r ML R, 5 CK ML, BlgH™E4EE
10 5.13%(F 3). B EEEIE Hoagland’s & IR A7
T LB S R U S AL, R R T RS
0 CK 10%UHP 30%UHP 50%UHP 80%UHP b, EEEAEMET, DIHSH  BRSEy 1
ISt 1 dpe ey, ()R ] 2 R AIOR A S Rk 7
3 AF UHP 5REE by FisiE AWFTE 50%IREBMNMMREBWER G2 8 MW
HEESEMNEIE 100% JREZEFACHIREL AL B 17 08" 12.21%(F

Fig. 3 Effects of different UHP and urea ratios on
CCI value of B. campestris
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g.4 Effects of different UHP and urea ratios on nitrate content (A), and VC content (B) of B. campestris
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