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INHEAFRA L, WE 4 NMEARLE (0, -5, -10 fu-15 kPa) Fo A48 (K0). 1 {Z48 (K1, 150 kg-hm™). 1.5
{547 (K1.5, 225 kg-hm™). 2 1247 (K2, 300 kg-hm™ ). 34&47 (K3, 450 kg-hm™) 5 MFHEAHE, #2/NmELER
EEBT R EmFEREAEN. IERID) AUEEBRARENTHELEKEDH N 28.52%. 22.45 %, 18.13%.
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(2) FRFEARFNEXTERHEE, LS EHLEmERG, b1 EHLE"ERE 16.9%, (ELEHG”
ERMBZETHR., (3) AERHARKTHEAHRESCEIHEE, EFLEERMRESE, 1.5 FHLEMRYE
EEL 1EHM 26. 3%, (4) FEHFKFREEDHENRRARTNE, LITHFRRAFEL 1 FHLELH &
15. 8%, 76. 3%, ERUHNEMRT 1 24, (5) Ak BERGEDHFEAF G RERERE, 1.5 FHHE
FIJE S Fu R e 1 AR 4 4R 8 173, 32% 40 83. 9%, (6) #a4F L F 447 POD, SOD BgvEIR & 69. 8%Fn 93%. A &l 47 &
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Effect of Different Potassium Levels on the Growth of Bok Choy
Under Negative Pressure

ZHAO XiuJuan', SONG YanYan'?, YUE XianLu', ZHANG ShuXiang', WU XuePing', LONG HuaiYu'

(‘Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences, Beijing 100081
2College of Land Science and Technology, China University of Geosciences, Beijing 100083)

Abstract: [Objective] Negative pressure irrigation is a new type of water supply technology. In this paper, the effects of five
different potassium levels on growth, quality, nutrient uptake, utilization ratio and antioxidant enzyme activity of bok choy were
compared. [Method] In this experiment, five K fertilizer treatments including KO, K1, K1.5, K2 and K3, and 4 water supply
treatments including 0, -5, -10, and -15 kPa were designed to study the effects of different potassium levels on bok choy growth.

[Result] (1) The soil moisture in clay loam under different pressures of water, respectively, was 28.52%, 22.45% and 18.13%,
15.4%, and when water pressures were between -5 and -10 kPa, the soil moisture was 18.13%-22.45%, which was suitable for crop
growth. (2) The effect of different potassium levels on bok choy yield was significant, and that in K1.5 treatment was the highest, and
increased by 16.9% compared with K1. The yield in K3 treatment was significantly decreased. (3) The effect of different potassium
levels on the nitrate content of bok choy was significant, and potassium could significantly reduce nitrate content, nitrate content in

K1.5 treatment decreased by 26.3% compared with that in K1. (4) Different potassium levels significantly affected the amount of
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nutrients uptake, nitrogen and potassium absorption of K1.5 were increased by 15.8% and 76.3% compared with that in KI.

Phosphorus uptake in K1.5 treatment was less than that in K1. (5) K1.5 improved K utilization of crop by 173.32% compared with

K1, and K1.5 significantly improved the agronomic efficiency of fertilizer, and increased by 83.9% compared with K1. (6) Compared
to K1, K1.5 significantly increased the expression of the activities of POD, SOD, PPO, and PAL, but the flavonoid and total phenolic

was not different with K1. [ Conclusion] It was concluded that K1.5 was the best potassium application level. The optimum water

supply pressure was -10--5 kpa kPa for clay loam.

Key words: negative pressure irrigation; bok choy; potassium; yield; quality
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F1 HIEEBAMER
Table 1  Soil physical and chemical properties

By HHE AP

Soil texture Bulk density (g-cm’3) Organic matter (mg-kg'l)

1130 AR pH ks
Olsen-P(mg-kg™)

Total nitrogen (g-kg™") Clay content (%)

i+ 1.68 7.44
Clay loam

16.67 0.53 6.52 32.09

TR DA S K I — R A AT, SR 5 AV
AEEE, SR TEA (KO 1 A58 (K1, 150 kg'hm™) |
1.5 {581 (K1.5,225 kg'hm ™). 2 fi#8F(K2, 300 kg-hm™) .
3£ (K3, 450 kghm™) , 3 FAEEL IR %R, #ER
TR, RIRE, JERHRE T VENE 2. BANMCFIES 3
W, BENLXAHES . fRfE =N AR g 1, 1
() AR SR AE BOE E ol (-5+1) kPa.

F 2 ARFAFRE T (HEREN (-5£1) kPa)
Table 2 Experimental design of different potassium levels
(negative pressure (-5 = 1) kPa)

Qb3 JIEAHAE b e H
Treament Fertilizer ratio Potassium application (kg-hm™)
KO N:P:K(10:5:0)+M 0
K1 N:P:K(10:5:10)+M 150
K1.5 N:P:K(10:5:15)+M 225
K2 N:P:K(10:5:20)+M 300
K3 N:P:K(10:5:30)+M 450

M: T4 ICFE M: Micronutritient

IR FEFIHT, #IEBAK 41.5em, T 26 cm,
126 cm [RGB 28 kgo AERIE R 230U
RBEAKTEN, BRGNS 0N 15%, 30%, 30%,
15%, KEHENEREIERE A 0.15%. /Ml T 2015
fE8 A 14 HikFh, &7 8 B, mH—DLWE T
2015 49 H 30 Higk, EKI 46 do /Ml K
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W, RO R A =
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PP BIER % (K contribution rate, KCR, %) = (i
BRI P D /B X P X 1001,
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KAE, kgkg') = Cii#X = f-Jo i = 5D /it it

BRACIR R F 2 (K,0 recovery efficiency, KRE,
%) = Cit B DR R S R B - OB X AR R )/
A X 100,
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AR, %A 4 mL £ 0.05 mol-L™', pH 7.0
I R 2801 (N 5 1%PVPL Immol-L™ EDTA /b i),
TN /D A GERD, LEOKIA RIS IS 3R, TN B0V
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IS WARAT T-80° CUKAE #5 o b Al LA 330 FH
JE o

A YEALEE (SOD) W FIREEH 25 pL,
BN 3.9 mL [V (50 mmol-L”, pH 7.8 ffRZE
Wi, WA 77.12 umol- L' NBT, 0.l mmol-L™" EDTA, 13.3
mmol-L" ) 0.1 mL ¥ % (80.2 pmol-L™")
WA G, E 4000 Lx HOG R Y 20 min, PAZEH AR
BN R, DA s E, ME FE A AR 560 nm
ARTOWEERE . LA NBT YAk if i 50% k) —Nil
WAL (Ug ! FW)

AN (POD) WhtE: B 50 puL Tle
1, 529 mL % 18 mmol-L™ &6 AWM (K1 FRZE
(0.1 mol-L™", pH5.8) A, 7 30 C/AKBIAHE 1 min
Ji s BIN 50 pL 2.5%(1) (V/V) H,O, FF 4 [V,
T 470 nm P KT LG, DU [RMARRZE w25 6}
M. POD ¥& 1t LRS- Bl 0.01 A A BT 5 1 it
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IR
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E—FEa SR 2 4D o A58 0.5mL A7l
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Fig. 1 Cumulative filtration with time under different pressures
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Fig. 2 Maximum vertical wetting distance with time under

different pressure

#3 HELTARGEKETHLIESKE
Table 3 Soil moisture content under different negative pressures
in different soil layers (%)

IS T2 Layer (cm)
Negative pressure 0-20 20-40 40-60 1l
0 kPa 30.53a 30.67a 24.36a 28.52a
-5 kPa 24.25b 22.87b 20.24b 22.45b
-10 kPa 18.01c 19.76 ¢ 16.61 ¢ 18.13 ¢
-15 kPa 16.05d 16.16 d 14.01d 15.4d

ARANEFRRRZERBE. T
Different small letters within a column indicate significantly different at the
0.05 level. The same as below
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Fig. 3 Effect of different potassium levels on fresh weight of
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Table 4 Effects of different potassium levels on nutrient uptake
(mgkg)
~ or a Ab#E Treatment A N i P K
‘e
=2 3ol . E3 b KO 257.09¢ 56.95 b 90.99 d
&g
%j: 2 ¢ b K1 328.44b 71.87 a 161.87 ¢
o o}
;‘i*j E; K1.5 380.75a 64.42 ab 284.64a
s 2
K5,
fé 2 10 K2 313.00b 50.16 b 217.99 b
:%‘ K3 265.15¢ 51.84b 218.06 b
0 1 1 1 1 ]
KO K1 K15 K2 K3
000 . JEAR 2R AR T 1 A0, R W] Y i o I e
5 I h R AR RV IE TR, G
ol 02 BB TEik R (% 5)
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Rz ¢ ¢ ¢ WEFT 45 RAW], it B0 AT DU 35 3 s /N S Bt A
TS or ﬁ ﬁ ﬁ (RSE ARG LR %5, K1 4 POD. SOD i
0 . . . . . W L KO 42 5 69.8%F1 93%. 5 1 5 HIAHLL, 1.5 fif
KooooR ks ke e B34 7 POD. SOD. PPO. PAL #ikft, {H%
251 e . - TSN .
_ W AS RIS 1 IS B . 2 A5
2 0f a . - . ALFELE 1 A58 2 T POD. SOD. PPO &, I
=2
1= S A
2 %5 TEEATER N HERILH AR
=" = or Table 5 Effects of different potassium levels on the utilization
T2 Sl ratio of potassium fertilizer
-4
A st BIIE TR BIIEAR 2RI A B SoR H %
0 . L L L ! Treament K contribution rate K,0 agronomic K0 recovery
KO Kl K1.5 K2 K3 ) B ]
i) Time (h) (%) efficiency (kg'kg) efficiency (%)
K1 7.72b 41.17b 56.25b
S . K1.5 21.11 75.71 88.42.
4 RTINS B R A F ‘ ! !
Fig. 4 Effects of different potassium levels on the quality of k2 10.636 2359 40-64bc
K3 -4.22¢ -5.24d 31.27¢

bok choy
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Table 6 Effects of different potassium levels on the activities of antioxidant enzymes

S A AL EZERtd O TR 22 I 2 ity B pey
Treament POD SOD PPO PAL Flavonoid Total phenol
(Uht-g " FW) (Uh'g ' FW) (Uh™g " FW) (Uh™-g " FW) (mg/100g) (mg-g™")
KO 6.77¢ 0.86¢ 2.07b 0.18¢ 1.58b 3.08ab
K1 11.50b 1.61b 2.88b 0.48b 2.84ab 4.06a
K1.5 25.00a 2.47a 3.80a 0.75a 3.87a 4.76a
K2 21.28a 234a 3.25a 0.47b 2.98ab 3.75ab
K3 17.52b 1.56b 2.50b 0.21c 1.55b 2.77b
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