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Optimization of nitrogen and potassium supply ratio in nutrient solution

for substrate cultivation of Chinese leek

He Yijia, Niu Yinping, Li Zebin, Wang Xing, Li Nanyang

(College of Landscape and Ecological Engineering, Hebei University of Engineering, Handan 056038, Hebei, China)

Abstract: To investigate the effects of nitrogen (N) and potassium (KD nutrient supply on soilless substrate cultivation of
Chinese leek, this study used Pingjiu No. 4 as the test material. The Yamazaki nutrient solution [with nitrogen concentra-
tion(p, the same below)of 90.91 mg- L™ and potassium concentration of 156.24 mg- L] was used as the control (CK). On
the basis of the Yamazaki nutrient solution, 14 treatments were set up, including increasing the nitrogen concentration by
10% and 15%, respectively, decreasing it by 10% and 15%, respectively, and increasing or decreasing the potassium con-
centration by 10%. In total, there were 15 treatments. The effects of different N and K ratio on the growth, photosynthetic
characteristics, root activity, and quality indicators of Chinese leek were systematically compared. The results showed that
compared with CK, the N and K ratio had significant effects on the physiology and quality indicators of Chinese leek. In
the treatment with a 15% decrease in nitrogen concentration and a 10% decrease in potassium concentration, the leaf
length, leaf width, number of leaves, dry and fresh mass, and chlorophyll content were all relatively high. The net photo-
synthetic rate was significantly increased by 12.36% compared with CK, and the content of vitamin C and soluble sugar
were significantly increased by 15.55% and 8.56%, respectively, compared with CK, the pyruvate content was significant-
ly increased by 21.20% compared with CK, and the allicin content reached 0.31%, which was significantly higher than
that of CK. Moreover, the comprehensive score of the membership function was the highest. In conclusion, the treatment
with a 15% decrease in nitrogen concentration and a 10% decrease in potassium concentration can improve the photosyn-
thetic capacity and nutritional quality of Chinese leek, achieve green and efficient cultivation, and provide a theoretical
reference for the precise nutrient management of Chinese leek in facility.
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FEEAR O SRR, R T R A L — . R
B 3 5 i 28 & B L 5 (1 2% Dutch Plantin A 7)) 5
B AR 201 H5R AR HT . ZRA
RIRAE AN 121 g-em?®, BFLRE N 57.32%, 4
BUREGEN(w, G214 g kg, AR EEN
380 mg kg, AL BN 1043 mg- kg, MU A
B 213 mg-kg'. WRERHA E AT 35 em. 5 20 cm
()5 T BB A ARG A 48, BRI 2R 6 N E.
%4 0.8 cm METEZES L, AR OR IR RiES R 4T,
B IERUKAEAR -
12 7B

I T 2024 5 10 H % 2025 % 5 HEM L L
FERFW R X Wl = NI RE . FiTT 2024 4
10 AR B FREZIT 3 1 DB RANE, &
WETEZ) 30 the IR E 15 MALEE: CK SR 1L
U5 FRIN WL (p, J5 DA 90.91 mg- L, K K FE
915624 mg-L'], KEITLHEE T WA 1; Z AL L
AEERTE CK Al b 75 1) ) SR B (6 0 15% 38
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D> 10%) , Hofth 70 5 i BE AR CHARECEE WLEE 2D .
AR 3 &3 IREE . B ICHE T 2 i AR B
AEFRIYE IR 1 L, BRE FRIRAC T Z b, T AL B
S HEAT AR [F) (1 RS B, TE AL 28 R I
#1 LWEERBRKETRES
Table 1 Yamazaki nutrient solution major

element formula

?ifnulation Ca(NO;),-4H,0 KNO; NH.H.PO: MgSO,-7H.O
p/(mg-L") 236 404 57 123
*x2 EFBRPAENKELRE
Table 2 Different N and K ratio settings
in nutrient solution (mg-L™"
Ab P Treatment p(N) p(K)
CK 90.91 156.24
T1(N+0 K+10%) 90.91 171.86
T2(N+0 K-10%) 90.91 140.62
T3(N+15% K+10%) 104.55 171.86
T4(N+15% K+0) 104.55 156.24
T5(N+10% K-10%) 100.00 140.62
T6(N+10% K+10%) 100.00 171.86
T7(N+10% K+0) 100.00 156.24
T8(N+15% K-10%) 104.55 140.62
TON-15% K+10%) 77.27 171.86
TI0(N-15% K +0) 77.27 156.24
TI1(N-15% K-10%) 77.27 140.62
TI12(N-10% K+10%) 81.82 171.86
T13(N-10% K+0) 81.82 156.24
T14(N-10% K-10%) 81.82 140.62
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2.2 AREIN.KECEE X IEFH A IRIRAIST

B TR, AR ACE R EES e A
RP)VRILFE(G) A H 2 (T FIHLE] CO, ¥
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PE T 12.36%, G A T A Frde &, A G5 CK
B, R ASARAS B A A B AR I T A P

&3 AE NJK BCEb 3t 3ESRAE KEV SR
Table 3 Effects of different N and K ratios on the growth of Chinese leek

4k 28 M < 5 LI BT FPREE B
Treatment  Plant height/cm Leaf length/cm Leaf width/mm  Leaf number Dry mass per plant/g Fresh mass per plant/g
CK 36.18+1.08 be 31.284+0.90 be 4.13+0.08 d 5.51£0.11 ab 0.23+0.05 cde 3.33+0.12 bed
Tl 34.74+0.09 ¢ 29.69+1.20 de 3.07+0.12 f 4.67+0.15 de 0.19+0.02 f 3.02+0.11 de
T2 34.78+0.34 ¢ 30.50+1.15 cde 3.93+0.11 d 4.28+0.09 ef 0.22+0.03 def 3.234+0.12 bed
T3 27.20+0.36 f 27.67+0.72 £ 2.6340.13 g 5.08+0.32 cd 0.16+0.02 g 2.21+0.08 f
T4 32.12+0.58 € 27.81£1.03 £ 3.53+0.11 e 4.17+0.08 f 0.18+0.04 fg 2.42+40.07 ef
TS 36.45+1.01 be 31.34+1.21 be 4.34+0.09 ¢ 5.32+0.49 be 0.25+0.07 bed 3.45+0.13 abe
T6 29.67+0.35 ¢ 28.34+1.20 3.16+0.16 f 4.15+0.17 f 0.17+0.04 fg 2.38+0.05 ef
T7 35.78+0.53 be 31.46+1.26 be 4.64+0.04 b 4.88+0.10 cd 0.26+0.07 bed 3.524+0.03 ab
T8 35.89+0.58 be 30.02+0.84 de 4.71+0.07 b 4.17+0.12 £ 0.26+0.08 bed 3.52+0.14 ab
T9 39.43+1.66 a 36.68+1.39 a 4.74+0.15 b 5.5240.22 ab 0.30+0.03 ab 3.70+0.15 ab
T10 36.57+1.72 be 33.96+0.86 b 4.83+0.09 b 4.85+0.14 cd 0.27+0.04 abc 3.61£0.12 ab
T11 39.04+1.51 ab 37.18+0.51 a 5.26+0.12 a 6.32+0.07 a 0.35+0.01 a 4.21+0.08 a
T12 35.68+1.51 be 30.18+1.08 cde 4.72+0.10 b 4.86+0.23 be 0.25+0.18 bed 3.44+0.10 be
T13 36.22+1.19 be 30.46+1.46 cde 4.74+0.11 b 4.37£0.15 ef 0.26+0.03 abc 3.60+0.20 ab
T14 36.01+1.16 be 28.73+1.59 ef 4.73+0.07 b 4.60+0.18 de 0.23+0.04 cde 3.214+0.16 bed

R R/NG FRERORAR R ] 7E 0.05 KP 25 % . .

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.
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Note: Different small letters indicate significant difference between different treatments at 0.05 level. The same below.

1 A[E N.K Bt xf dEse e & 4R S200
Fig. 1 Effects of different N and K ratios on the photosynthetic indices of Chinese leek
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CK {2 3% 38 i, 36 18 3 /i 29.00% . T11 4k 2
(N-15%K-10%) & 28 25 2 & e iy » 50 CK R 3
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AR, 5 CK M E, 75 1F 5 AL (N+0) & 1F F , Hi 4
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Table 4 Effects of different N and K ratios on chlorophyll

15%) JbBE A, ANFEIEFEC LE (T3 T [ S S 3 5 &
B 5 CK i s g A 52 &, H 3348 T8 5 Ak 3
(N-15%) , 1t B it 5 60 3= n e 5] A 9% 4 2k i, HIKTH
P R) T T A5, AT IR R R A e T11 AR TR A
SR ER G, FNELE R BN CK BER,
Ut B A P 42 VB C LE AT S sk 3 i SR R
s EPERE, AR R 8 BT Bk HE SO G AL
N INE TS SN
24 AEINKECEEXTIESAR ZRIE B9S2

F B 2 AT, AN () ZEUBR E E o AE SEAR R T8¢
Wi Sk 2 o 38 P ORI S R AR R AR RIS 21, 1A
(N+10%) « 77 28 (N+15%) BUAR UK (N-10%) 35
AR TR AT RedERr. HH, TITIN-15%.K-10%)
AbFRAR FIE S B, R E LT CK AR 22 o4k

content of Chinese leek (mg:100 g7 P, RO IZIC LA F T 18 555 AR 2R PP IRAR S AT 7R 43
e w42 a) w(HH4EEK b) w2820 LI& Hléjjo T9 1 T10 &ifiﬁ’*ﬁﬁ%&‘{éﬁ {QL'\Z,aHiéjLﬁ
Treatment Chlorophyll a Chlorophyll b Total chlorophyll . . e e
content content content Tl ZRAEE, HYEEES T EEARE. Te b3
CK 3840:1.08cd  15.00£020c  53.50+1.30 cd (N+10% , K4 10%) R R i 11 &A% K T CK, £
T 2781+1.14 ¢ 13.510.19d  41.42+131¢ SRR T B TT RS AR E 7, R A L R A N I e i
T2 38.01+1.07 c;i 13.72+0.17 d 51.85+1.24 cj jj . ﬁgm/}\ﬁ \!fEﬁ HSWU , ﬁ'é@%é’ﬁ%*ﬁ%iﬁ 9% E(] {ﬁ
T3 38.11+1.01 14.86+0.18 53.09+1.03 . s e v . N
‘ ¢ ¢ J1 AR RO FE 00 e ORI L b
T4 27.15+1.05 ¢ 11.94+0.24 ¢ 39.1141.04 ¢ -
TS 372441.06¢cd  14.9120.22 ¢ 52.27+1.09 cd At O B P ER
T6 3765t1.12¢cd  13.47£021d  51.2320.88d 2.5 AEINKHCEE X IESR m BEI R0
T7 3742:1.06cd  12.096020¢  49.63+1.00d FH 5 AT, AN [R) RUER G bE X 3B 252 & 5 52 i) B
T8 40.25£1.08bc 15455024 b 55.82+1.30 be %, T8.T9.T11.T13 1 T14 b¥E B EH S &
T9 51.4741.03 a 20.08+0.20 a 71.67+1.63 a 195 2 5 T CK, 3 T8 AFI IR 5 (3.20 mg- g, 1
E? ?;ijég izzgz; @ jzzzgi @ HH 345 ) GRUA I LL A R T2 R R B TO. TI0,
. a . a . a
| | | . b 4 S R
T12 4042:1.08bc  16.16£0.19b  56.70:1.03 be TIL.T12 A Tlljj‘ AALERCA %ﬁj“% o iﬁ
T13 40.54+1.12 b 16314021 b 56.97+1.35 b CK, T11 43 (33.89 mg- 100 g, 4 CK &2 &
TI4 40.16£1.09bc  15.172022¢  55.45+1.32be PEE T 15.55% , < BH O 2 el S50 el Ak 2 ] A2 3 4
140 ¢ a
120 F 2 a } a
= } {- b F o ab
o100 b i T
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2 AN[E NJK BCEEsT dESRAR R IE DS/
Fig. 2 Effects of different N and K ratios on root activity of Chinese leek
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Table S Effects of different N and K ratios on the quality of Chinese leek

phs] wCAlEMEER D w447 O wCHL A48 wCHEPERD

Treatment  Soluble protein content/(mg-g')  Vitamin C content/(mg-100 g')  Crude fiber content/% Soluble sugar content/(mg-g")
CK 2.25+0.02 d 29.33+1.34 ¢ 26.19+1.98 fg 18.45+0.02 ¢

Tl 2.17+0.01 ¢ 23.46+£0.96 ¢ 25.42+1.16 g 16.85+0.03 h

T2 2.08+0.04 f 25.91+£0.67 d 28.20+1.03 ef 18.41£0.07 ¢

T3 2.03+0.03 fg 17.82+0.30 g 23.72+1.9 ¢ 17.13£0.02 g

T4 2.02+0.01 fg 20.11+0.31 f 2459+235 ¢ 17.21£0.03

T5 2.57+0.02 ¢ 25.89+1.48 d 29.63£1.64 de 18.38+0.06 ¢

T6 1.95+£0.03 g 18.60+0.39 g 2521189 g 17.88+0.04 ¢

T7 2.02+0.01 fg 24.39+1.47 de 28.88+0.88 ¢ 18.36+0.02 cd

T8 3.20+0.02 a 32.15+2.26 b 30.48+1.19d 18.54+0.04 ¢

T9 3.03+0.02 b 33.78+3.76 a 38.03+3.11a 19.71+£0.09 b

T10 2.71+£0.03 ¢ 33.75+4.32 a 36.28+1.06 ab 19.85+0.13 b

T11 2.86+0.01 b 33.89+2.13 a 39.90+2.83 a 20.03+0.10 a

T12 2.63+0.08 ¢ 33.20+3.31 ab 35.20+0.94 b 19.63+£0.11 b

T13 2.89+0.09 b 33.44+5.04 a 33.1142.49 ¢ 18.41+0.01 ¢

T14 2.96+0.11 b 31.33£3.15 be 32.34+1.01 ¢ 17.34+0.06

R CHM. TIH ABETEEESERE, N
2003 mg-g', BEmT CK, B CK & m T
8.56%,T9.T10 Al T12 A FE & &t B % & T CK.
T11 Kb B 21 45 5 & f i, 38 39.90%, 8L CK i 3%
P 13,71 E 20 5T T10 b FR 2T 4 S Rk,
53129 38.03%36.28% ; IR A (N-10% - N-15%) &b
AL EY R EmT CK. 41,5 CK M,
T P B A BT AL R (N-10% N—15%) T S 25 42 75
SR A AR COATA MR R 4 A &
T (N+10%)  FF B (N+15%) 7K P K 2 55 hr i
KT CK. TI11 ZH & EFRIBARIY CK B3N,
W BF 18 U I 151 9 T A B AR, 7R IR A
K (1) (R i 33575 R SRR 2R, AT S 3 7= B 5 i ol
(IR HE i
2.6 AEIN.KECEEXTIES XK B A E20

B 3 mI RN, 7R M S 2 28 K, AN A L LE
XFAESEN IR B B A R E R . T10.
T11.T14 KbFEPIER RS & B35 &, R E T CK,
3 AEE CK #2511 20.23%.21.20%+20.66% , {H =3
)22 SRR E . T AR & &) &e, N
11.32 pmol - g, T3 A PR E AR, v 7.23 pmol - g’
XA RERAEMTAMRGEER. AREA
PRECEE X s i KR R B E R W & 3 s,
T11 Ab PR KR 3 & 2 e (0.31%) , .3 = T CK,
T3 WP KFR RS EAK(0.18%) . IX 2 HAZ 4 2 7]
AEAE T[] RS, 3 FiE ] 20 B A1 208 IR FE (N-15%
K—10% ) A R (2 135 74 R 5 A 18 &, 3 1fi S K
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B IR — K T RE PR KR T A PR A S R
RGP IR « %45 FLE0AE 7 &N U 9 0k B 7 o 3
A3 AR 5 DR T 7 T AR AR
2.7 EFXRBEIZEEITEN

SR R A VN S R WK 6 B, AN A U4
o b HE S 28 A MR 2 B K . T11 (N-15%
K-10%) 2 B £5 5 15 73 e (0.951) , FEMF 4R 3 15
B EHEASE HAERCHE AT E.
AR & B AR AR AR AR Ty T R IR =, 4
PR 5 5 PR AR AR 345 T9.(0.895) Al T10(0.825) 14
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Fig. 3 Effects of different N and K ratios on the content of pyruvic acid and garlicin in Chinese leek leaves
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Table 6 Comprehensive effects of different N and K ratios on the quality of Chinese leek
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CK  0.030 0.034 0.029 0.030  0.054 0.016  0.042 0.024 0.029 0.034 0.032 0.033 0384 9
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