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Effects of chemical fertilizer combined with vermicompost on the growth

of Chinese chives and soil physicochemical property

Xu Bohan, Zhang Weijie, Zhuang Qiuli, Liang Lu, Tian Kaiyue, Yin Kun, Mo Haiyang, Zhang Dong-
hui, Huang Yubo

(Zhoukou Academy of Agricultural Sciences, Zhoukou 466001, Henan, China)

Abstract: To optimize the fertilization scheme for Chinese chives, this study used no fertilizer (CK1) and compound fer-
tilizer alone (CK2) as controls, and established treatments including compound fertilizer combined with organic fertilizer
(T1, 750 kg - hm” compound fertilizer +15 000 kg - hm™ organic fertilizer) and compound fertilizer combined with differ-
ent amounts of vermicompost(T2-T6, with a low-to-high gradient of vermicompost). Growth index, quality index of Chi-
nese chives, and soil physical and chemical property were systematically measured. The results showed that compared
with CK1 and CK2, treatment T1 significantly increased soil respiration content by 96.51% and 48.75%, significantly in-
creased the available phosphorus content by 589.24% and 164.59%, and increased available potassium content by 37.51%
and 15.96%. Under treatment T5(750 kg - hm™ compound fertilizer+45 000 kg - hm” vermicompost), the plant spread of
Chinese chives significantly increased by 26.86% and 9.45%, stem diameter increased by 20.59% and 13.89%, sin-
gle-plant mass increased by 64.71% and 27.27%, soluble sugar content increased by 64.71% and 21.74%, nitrate content
decreased by 45.96% and 21.11%, soil urease activity increased by 13.48% and 12.96%, soil available phosphorus content
increased significantly by 935.63% and 297.56%, and soil organic matter content increased by 24.28% and 22.21%. Un-
der treatment T6 (750 kg - hm? compound fertilizer+60 000 kg - hm™ vermicompost), the yield of Chinese chives signifi-
cantly increased by 130.85% and 41.45%, nitrate content decreased by 45.35% and 20.22%, soluble sugar content in-
creased by 55.88% and 15.22%, alkaline phosphatase activity increased by 9.74% and 15.64%, available phosphorus con-
tent increased by 1 105.11% and 362.63%, and organic matter content increased by 24.54% and 22.46%, respectively,

compared with CK1 and CK2. Through comprehensive evaluation using principal component analysis combined with the
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TOPSIS method, treatment T6 exhibited the best overall performance, followed by TS5 and T1. Considering both fertilizer

efficacy phenotypes and input costs, it is recommended that the combination of 750 kg - hm™ compound fertilizer with 45

000 kg - hm* vermicompost (T5) was promoted and applied in Chinese chives production as an effective alternative to

commercial organic fertilizer.

Key words: Chinese chives; Chemical fertilizer; Vermicompost; Growth; Soil physical and chemical property
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B :N-P,0s-K,0=15-15-15; A4 HLIE f 1230 XL 73 h
B R AR 2~ w77, BAR RS 9 : (N+P,Os+
K,O0) & 8=5.0% , A WL 2 5=45.0% , i 25 14 i Al
R 5=15.0%, K E IR & E=15.0%, ALV
0.3 1l-g's
1.2 R

RIS T 2024 4= 7—10 HLEJ OB B
AT KRB X 1 1, 31k 8 AN b3, BN Ab R
SWEE ,BANEE 14, REH kA - 0~
20 cm HHE L3, BARTEIE 1 em i1, &K
1 43 AR R 2 A AT G HUAE Sl de] 2% , 45 05
Ykl 80 kg. o, CK1 NAHEAE.CK2 N HEE A
JET1 NE & IEE A HLIE . T2~T6 A5 & LA it
A [R] B b 4] 2%, B A A EE I ) B BE B E A IR (SR
Do 2024 47 A 14 H¥EHE 4 MHREBEFRMN
BHHEHEZH, EE Sem AAKRK S 6 cm A 4K
B2 BN IR BRI 70 em*40 emx



91 PR 6+ A S 3650 1 302 K - S0 e 7 0 IR BT R I
F1 AR REERECEE
Table 1 Experimental design and fertilizer ratio
b3 HHIEHE SENEHE AP & AP & i1 38 P e o] 3 ) &
Treétment Compound fertilizer Compound fertilizer Organic fertilizer ~ Organic fertilizer Vermicompost Vermicompost
rate/(kg-pot™) rate/(kg-hm™) rate/(kg - pot™) rate/(kg-hm™) rate/(kg - pot™) rate/(kg-hm™)
CK1 0 0 0 0 0 0
CK2 0.021 750 0 0 0 0
T1 0.021 750 0.42 15 000 0 0
T2 0.021 750 0 0 0.21 7500
T3 0.021 750 0 0 0.42 15 000
T4 0.021 750 0 0 0.84 30 000
T5 0.021 750 0 0 1.26 45 000
T6 0.021 750 0 0 1.68 60 000

26 cm, B4 2 47, BT 12 7 ATEE 33 em, BREE 5 em,
+% 20 cm.
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YR COIETERE S 2 — M T 105 °CAR T 75 °C
T R e 100 H s, TR IR 2 0E . R
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5 RIS 14, SR F o R A i 2 v U s i SR L
M S SR WA R K AN B I S B T R TS
PECY, SR 3, 5- R B /KM I Eb 32000 e TR A g v

PECS SR FH =5 P 5 P SRR 5 45 A HE A - SR
1B SR EE , K RS 804D e LI A & &,
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T, K CIREAR IR - KGR THE D E L IEE AL
PSSR AR ER AR E HIEA WU & &,
1.4 FIRLEBSE S

B HEARI N = AE AE S 3MA , RH Microsoft
Excel 2010 {1 #F 47 $ 4 8 21 5 B R 61 4E , K H
SPSS 25.0 AT 7 22 43 BT IR (0 ST FEE 49 AT AH K 1k
43 BT~ £ B 43 43 BT (principal component analysis,
PCA) Ml Topsis £ A iFAT . M HE A 2D TR FEAE
EHRTF 1. Bt ik 8L 80% M AT JLA o 1
CEAE  ARIE LA E VPN S A B 25 5 R

V= ;()\i/p) Xy, ] D

Horp A RE i A E R HRHIEE , p AR,
yi R AR A S i AR AR 0y « RN %
REALHE I 2561557
2 RS54
2.1 AEAEREC L 3 IR M B2 N

MFE 2 AT LLE H A R BERHEC b b 38R, 42438
HAGYE AP 2 5 o DRI VE PEAR LR BT 447.6~
516.0 mg-g'-d', H e TS 4bH R B vE 1 i, 38
CK1 1 CK2 43 7l 2 2 Tt iy 13.48% A1 12.96% . it
ANEREEEZIREE N 0.77~0.88 mL- g -h', H
H CK1 I A A g vE M s, 8 0.88 mL- g+ h', &
T HA A, T6 Ab P T AL SRS T B, N
0.77 mL-g'-h'e I WE A G AL AR FE N 174.56~
210.01 mg-g'-d', AEAE 2 (8] 22 T AR % . ik
1k T2 1 % M AR 0 W 52 O 409.11~473.08 mg-g' - d
T6 Ak B B R Bl v M B v, 4 473.08 mg- g+ d
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Table 2 Effects of different fertilizer ratios on the soil physicochemical properties
. , . Tl e o R T gy . [ CGEZAHD w( Ji)
R Ml b Do BRI e e WORRED WL
PR BREGETE S TETE i . ) Fast acting Organic
LT Sucrase . . ) Alkaline hydroly- Available phos- ]
Treat- Urease activity/ . . Alkaline phos- Soil respira- . potassium matter
o Catalase activity/ activity/ e ., zable nitrogen phorus content/

ment (mg-g'-d" o . ..~ Dhatase activity/ tion intensity/ . B content/  content/

(mL-g"-h™" (mg-g"'-d" o B content/(mg-kg") (mg-kg™") B B

(mg-g'-d" (mL-kg™" (mg-kg" (g-kg"

CK1 454.7be 0.88 a 174.56 a 431.08 be 60.71 ¢ 67.07 ¢ 5.67d 168.71d  7.66d
CK2 456.8 bc 0.82b 185.60 a 409.11 ¢ 80.20 be 73.07 abc 14.77 cd 200.06 bc  7.79 cd
Tl 505.6 ab 0.81 be 196.40 a 440.45b 11930 a 78.28 a 39.08 b 231.99a 8.16¢
T2 474.6 abc 0.82b 210.01 a 43898 b 78.16 be 69.79 be 18.32 c¢d 179.83 cd 8.03 cd
T3 461.4 be 0.81 be 202.09 a 442.67 ab 83.79 abc  76.92 ab 24.65¢ 183.77 bed 8.17 ¢
T4 447.6 ¢ 0.81 be 202.83 a 447.01 ab 87.48 abc  75.34 ab 41.18b 197.51bc 8.92b
T5 516.0a 0.80 be 183.33 a 446.84 ab 90.75abc  79.19a 58.72a 205.17b  9.52a
T6 456.9 be 0.77 ¢ 187.81 a 473.08 a 110.00 ab 77.60 ab 68.33 a 193.89bc 9.54a

TE - FZ S 5 AN F) NS FRERORAE 0.05 KT EREE. T,

Note: Different lowercase letters in the same column represent significant difference at 0.05 level. The same below .

B CK1 A CK2 7379 2 3 T i1 9.74% A1 15.64%. &
BRI AE 5 FE AR LR B2 60.71~119.30 mL - kg™
T1 Ab P 3B IR A FH 5 B 5k, 4 119.30 mL - kg™
B CKI1 Al CK2 4 3l & 3 38 0 96.51% A1 48.75% .
T AR S R IR LN 67.07~79.19 mg kg,
TS5 A3 IR iR A S & =, N 79.19 mg kg,
B CKI1 B ERN 18.07%. T3 b 2 & =4k
W 4 5.67~68.33 mg - kg, Hirf T6 AbFEAG Rl &
B, N 68.33 mg-kg', B CK1 Al CK2 437 i 3%
HH0 1 105.11%F1 362.63%. -3 rs &k & AR Ak,
MEFRE Y 168.71~231.99 mg kg, Hid T1 434 & &%
1, o8 231.99 mg - kg, 8 CK1 Al CK2 43 i i 35 48
N 37.51% F1 15.96% » A ML & & 22 AL i@ B
7.66~9.54 g-kg', Horf T6 AbH I H YL 5
. 0N 9.54 g- kg, B CK1 AT CK2 43 5 i 2 19 hin
24.54%7F1 22.46%.
2.2 AEIAERECEE X HE S K e FRAI R0

AN TR IERHIC Bl Xt 3B 3 2B K F8 b (10 R I AN [H] (3R

3). FREAALIR T 23.4~29.8 em, Hir TS ¥k i
%, N 29.8 cm, £ CK1 A1 CK2 41 27.35% Al
5.30%, CK1 ¥k A, 4 23.4 cm, 52 3 H (K T HoAth
AbFE, CK2. T1~T6 %5 AN Al kb B 2 Al ¥k 1 22 S R 2
Fo FRIEASALIRFE 28.3~35.9 cm, Hi T5 Ab PR kIR
B K, N 359 em, B CK1 A CK2 43 5 & 3% 84 hn
26.86% 11 9.45% , Bt A7 it A Ak 38 A 0 A7 5 35 = T
CK1,TI~T6 A[F A 7 Ak iR 2 F AR E .
KA 4.2~5.4 cm, Hif CK2 BEKHK, N
5.4 cm, & EE T CK1,CK2.T1~T6 AS[F] &b B 2 [F]
BEKESARE . ZHBEERN 3.4~4.1 mm,
Forp TS A BEZEM i K, N 4.1 mm, 8 CK1 AT CK2
5N 20.59% A1 13.89% . MK AR Ak iE FE
20.4~25.1 cm, HA T6 F1 T1 KK, 4 25.1 cm,
B CK1 BN 23.04%. H5EAMUIERE 4.2~5.1 mm,
T6 A1 T2 43 % CK1 2230 21.43%F1 19.05%,
HAb A E Z 55 2 B AR E . bk i 2 AR
JE91.7~2.8 g, TS5 Kb B BLRR 0T & A K, M 2.8 g, B

*3 TRIBRECEE X IE S E KIE AR 20

Table 3 Effects of different fertilizer ratios on growth traits of Chinese chives

i il (EESS =1

& 5 BRR T SPADfH . .,

ffe}ftment Plant Plant Pseudostem Stem Leaf Leaf Mass per SPAD ;e%d/g
height/cm width/cm length/cm diameter/mm  length/em  width/mm  plant/g value
CKl1 23.4b 283 ¢ 42b 34c¢ 204 b 42b 1.7¢ 519b 139.4 ¢
CK2 283 a 32.8b S54a 3.6 bc 232a 4.6 ab 2.2 be 58.6a 22750
T1 29.1a 34.8 ab 5.0 ab 3.9 ab 25.1a 4.6 ab 2.5ab 59.8a 309.7 a
T2 274 a 33.8ab 4.8 ab 40a 23.6a 50a 2.7 ab 58.1a 261.8 ab
T3 282a 33.9ab 4.4 ab 3.9 ab 22.9 ab 4.7 ab 2.6 ab 59.8a 261.1 ab
T4 28.8a 33.5ab 4.9 ab 3.9ab 239a 4.9 ab 2.7 ab 60.7a 266.3 ab
TS 29.8a 359a 5.2 ab 4.1a 24.1a 4.8 ab 28a 62.1a 266.5 ab
T6 289a 34.5 ab 4.9 ab 40a 25.1a 51a 2.7 ab 62.0a 321.8a
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CK1 Al CK2 S h0 64.71%H1 27.27%, CK1 Hk
JRE A, N 1.7 g, EALT T1~T6 4 ¥ . SPAD
HAZ LR B J9 51.9~62.1, T5 AL 7 SPAD 18 5 & » N
62.1,CK1 #:# SPAD {H &1k, & 51.9,CK2. T1~T6
ANF AL 6] SPAD H % A B3 HE R w1
CKl. F=mARfbiEE N 139.4~321.8 g, H i T6 7=
&R, N 321.8 g, B CKI1 i CK2 & 2 3 i
130.85%F1 41.45%, T1~T6 Z A/ & F A EE ,H
#o4w3 = T CKle
2.3 FEIAERMEC EE X HE S S Bt FR A R0

M 4 0] DUE H, AR AE Ab 3R, 4E 2% 5
WA ER. HRHESELHIEE N 513.2~
949.6 mg - kg, H i CKI1 & &, N 949.6 mg - kg,

TS Kb FRAH IR & & A K, N 513.2 mg - kg'. 4EAE
FC & BEBAIEE N 776.0~938.0 mg - kg, AN A
W2 ERARE, P T M YELERCH
B, N 938.0 mg-kg', CKI & & &Mk, N
776.0 mg - kg'. AV PENE S = AL IEE A 3.4~
56mg-g', Hi TS W EEH S, NS5.6mg g,
CKl & &mIL, N34mg g'. MHELASE
A4k IR BE N 32.0~35.7 g - kg', T6 4b B A%, B
CKI1 &N 11.56% , H At db ¥ 2 0] &5 & & 2%
FAEE., WS ELIEE N 0.53~0.61 g kg,
AR A B 2 JE) 22 AN . AEAR AR B TR
fERN 44~49 g kg, Hod T1 A T4 &8 & = &
B, BN 4.9 g-kg!, BB CKI B EE N 11.36%, H

* 4 TREIRERHEC b Xt HE S & B AR §2 00

Table 4 Effects of different fertilizer ratios on quality indicators of Chinese chives

e w.(ﬁﬁﬁ’i‘ﬁ’i) w(?ﬁdﬁ% (&) wCR VR w(éfﬁ) w( A w44 '
Treatment Nitrate Vitamin C Soluble sugar Total nitrogen Total phosphorus Total potassium
content/(mg-kg"')  content/(mg-kg") content/(mg-g™") content/(g-kg')  content/(g-kg") content/(g-kg")
CK1 949.6 a 776.0 a 34d 3200 0.61 a 44b
CK2 650.5 cd 914.7 a 4.6 be 32.6 ab 0.58 a 4.6 ab
T1 720.0 be 938.0a 53a 333 ab 0.57 a 49a
T2 560.8 de 933.8a 4.1c¢ 34.2 ab 0.54a 4.7 ab
T3 6333 cd 827.0a 5.0 ab 34.1ab 0.54a 4.8 ab
T4 781.9b 846.1a 4.4 bc 34.0 ab 0.53a 49a
T5 5132e 930.8 a S56a 33.7 ab 0.53a 4.8 ab
T6 519.0e 919.2 a 53a 357a 0.53a 4.8 ab
M AL BR 2 8] 22 e AN 2 2 CK1. i 750 kg-hm & £ JEAL i 60 000 kg-hm?
24 ERHSH W 5] 30t 4B S A AR RO B i, JL IR 750 kg - hm?

H2 5 AT, 2 3 1oy o0 I A3 2R IEE KT 1.
B Tiek R AR 90184 2 WA H 4 4N BET
e AE A TR i 0T F8 b A 8 A 5 I KT
I B

F R ATEE A AR (R 6),8 MAERHD Lk Ak
PR 25 A ORI 2 T6, FE T5 F1 T1, HiskJs
I A& Y T6>T5>T1>T4>T3>T2>CK2>

x5 EHSDHFHEEMTTIEER
Table 5 Principal component eigenvalue and
contribution rate

T H Ttem PC1 PC2 PC3 PC4
FFIEE 16.0285 34272 1.7947 12866
Eigenvalue

TTHRE 64.1138 137089  7.1789  5.146 6
Contribution rate/%

FitomkR 64.1138 77.8227 85.0016 90.1482

Cumulative contribution
rate/%

54 R Bt 45 000 kg - hm? #iz15] 3% , 750 kg - hm? &
A EECHE 15 000 kg - hm A5 HLUIEALFE 55 3.
2.5 TOPSIS Z&TEMN
DARH R #h 2 & ARG FE A5, SR H TOPSIS 5 4¢
8 ML FEREAT LR AV, SR 7 AT 50, 55 IR BRAR IR 5
BOE AL EE R T6 AT TS, 5 ff AR R 25 40t 1) b 21
& T6 1 TS5, Z5-G 15 43 7 K Ik T6>T5>T1>
T4>T3>T2>CK2>CKI, It #H 750 kg-hm? &4 L
JiC it 60 000 kg - hm™ Bz 5] 38 X6F 2 S AR 80U B i
I 750 kg-hm™ 2 & AEELE 45 000 kg - hm? 45|
36,750 kg hm™ & & JE AL 15 000 kg - hm” A HLAE
RLJEEE 3, 5 E o s i 45 R — 2
2.6 7REKEE SRS
PUAESR = B N BET A1, 2 Aw=0, 73 HE R 5L 0.1,
A 46 5 1R AT IR B DR IRFE 43 B T AE S AR K
FaAm < 0 A8 A FH o 338 B AR M 5 S R SR R I OR
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Table 6 Comprehensive value of principal component analysis

b N :
”&l;jftment Y r v Y g;):lff:}?ensive value Ezi
CKl1 -9.2133 -0.4619 1.426 3 -0.264 2 -5.8815 8
CK2 -2.1795 2.2403 -0.962 3 -0.4177 -1.180 8 7
Tl 2.1455 3.0835 0.3109 1.711 6 1.908 7 3
T2 -0.042 1 -1.009 9 -2.785 4 -0.834 8 -0.408 4 6
T3 0.055 4 -1.0751 -0.541 0 0.440 6 -0.128 0 5
T4 1.2092 -2.302'1 0.055 5 1.7397 0.5532 4
T5 3.6103 1.3578 0.991 6 -1.623 9 24885 2
T6 44146 -1.8325 1.504 5 -0.7513 2.648 5 1

&7 TOPSIS Z4TEM
Table 7 Comprehensive evaluation of TOPSIS

b e
ie}iment b b c faﬁ
CK1 0.7720 0.0393 0.048 5 8
CK2 0.5611 0.2820 0.3345 7
T1 0.3092 0.5342 0.633 4 3
T2 0.5177 03551 0.406 9 6
T3 0.4610 0.366 6 0.4430 5
T4 0.354 1 04534 0.5615 4
T5 0.1797 0.645 1 0.782 1 2
T6 0.113 6 0.7353 0.866 2 1

BROR A 1R R IRHE Y GR 8). S &
FRERFEALTHT 10 AL I VERAR IO AL > - g
1 P 5 5 > I 58 > R > 4 B > A
*8 FESHMMRAREXKABMBEXRYK
Table 8 Grey correlation coefficient and correlation
coefficient between yield and other characters

HKEOKRIRAE MRAK

Fs BT . .
No. Factor Grey ct.)rrelatlon Correla.tlon
coefficient coefficient
1 4K Leaf length 0.756 8 0.970%*
2 RIS A5 0.634 1 0.895%*
Soil respiration intensity
3 H%E Leaf width 0.627 4 0.784*
4 #kIF Plant width 0.622 1 0.889%*
5 4% & Total potassium content 0.613 1 0.887%*
6 R EE 0.5715 0.799*
Alkaline hydrolyzable
nitrogen content
7 SPAD {f SPAD value 0.560 9 0.886%*
8 k& Plant height 0.5501 0.864%*
9  ZEH] Stem diameter 0.546 9 0.838%*
10 BEIEBERR NS 1 0.5354 0.612

Alkaline phosphatase activity
T FORTE 0.05 AT HIIG, *+RORTE 0.01 KPR EAEE .

Note: * indicates significant correlation at 0.05 level, ** indicates

extremely significant correlation at 0.01 level.
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& >SPAD fH > Pk > 20 > TP E B R A S . R
RN T RAESE = & 5K L 3o B o B2
B ARIE A R B S B L SPAD A (R A 2R
SRELRRBR 1 TR T 1 - T) PR O &R, gk — 2P kAT A R
PEI T, 5 IR R, B3R B 5 K (R=0.970) | 11
I A F 58 5 (R=0.895) KRR (R=0.889) . 44 & &
(R=0.887) . SPAD 1H (R=0.886) . #£ i (R=0.864) Fll
ZEML (R=0.838) ¥ 2 #l & 3 1EAH 5%, 5 1 %8 (R=
0.784) AR & & & (R=0.799) 4 &£ I % IE A % .

3 WiE4e

AR, XA L ) K R BLR , B E K T8
TR, WA IE . AR, &
e fti R DA SE AR P00 B v e e AN ST A SRR
1, A A LI AT ] 2 RE e Bt AE S AR K IR
5L AV A S 3R BT N 3 ). X5 5
ZLHE AR SRS B T AE R — B AR MR A
PUAEH B 20 4P 5E e ih e A G, se ™ &
AT I BE R e XK ERSECIRRE TR M, B E
JIE 5 4 JIE T & it FH 34 mT DL A 1] <l S 38 R B2 A0
KA.

T ABIE 72 2% B, Wi ] 316 X0 2645 A HLIE RE 0%
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Yo B AR5 . BT TS 185 2 — B, A ]
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S N VEAR Z2 M s R i R 20 G138 R 47 261
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