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1.1 # 8

P AR 21 5 HESE R 4 S T L T ARl
Bh2g i 58 B ik ) Al A, T 2018-05-20 & HH .,
HEIR A R N R & [w (N) = 46 %], 1 B R 45
[w(P,O0)=12% ] MR H [ w (K.,SO,)=51%1,
A1 HUAE R H A 2 R i A1 AR B R A BR 2 | 4
P A B v A RO R A 2 X107 CFU/ g, Al i
BiEr i 5% HALR S 40 % iR 56 b + 45 (0~20
em) FEARBAL MR N 2 A 1. 79 g/kg, WA
49. 12 mg/kg, W B W 37. 99 mg/kg, i F M
195.67 mg/kg, A YL JE 14. 51 g/kg, B § XK
261.67 4S/cm,pH 7. 89,
1.2 K&t

P T H A KoK R LB R 2 2 R
T i MR Al S i A A A ik b R AT 3K 56 Y
R 397.5 m” AEB BY AR (FAAR 2~3 em) 2541 (A
6~7 cm) . AIfTHE 20 em JBREE 10 em AL, 50
i 6 A 4b B, AL FE P X IR Ak B B OR it e

(CK) K H Wit AL IE (CFY s B A 4 MMEIE S 4
Wy L AE B i Ak 2 . A6 AE 8t 20 %6 T2 it AE 40 A BL
JIE 3 000 kg/hm* (T1) kit 20 %6 B it 4= )
FHHUHE 6 000 kg/hm? (T2) ALRE WG 30 % e it
YA PUIE 3 000 kg/hm? (T3) F4LHE i 30 %
Tt A= A ALAE 6 000 kg/hm? (T4), Ak ¥ &
523 W R HBEALIX A3 T HES /N X, /N DT AR

15 m*, B i AE & 4 4 b it N2 &, A AT Uit
20 %6 .30 % hg B B A A A %) JE R A 3 S A
JE 4330 st o BPT1 T2 Ab 28 o A0 R it FH & o0 R0
Jite JES 5 B st 20 %6 (N Bt 22. 4 %6, P, O Bl ite
62.7% K, O it 144.7%),T3,T4 4b B kB
it B A R OB MG IE A B R E 30% (N U B
31. 8% .P,O; Wit 67. 3% .K,O Hjii 113.6%),
FEH AT (2018-05-05) — WK M i A X FE 4 200
kg/hm® J5 ¥ 8 + 58 ; 43 51 T ol 2% 57 4 00 0 A ™
TV A B R AT A % AR I A T LA 3% B 40 it AE
BER 30%.30%.40% 0% F 5 A 15 H.6 A
28 H.8 H 27 H i E A . 4= 5= 31 i 75 AL K41
WICIT A 19 HO BRI H — WPt A L 4% Ak 3 Ja]
B8, BMEICEmE 1 PR,

1 KEELEEEE

Table 1 Amount of fertilizer application of each treatment kg/hm’
. H YA LI
N P2 05 K. 0 Bio-organic fertilizer FE4y M
Ab 3 Total
Treatment  FRARI A7 4 T AT I 7 3 nutrient
Rooting  Production  Rooting Production  Rooting Production N P, 05 K;O amount
period period period period period period
CK 0 0 0 0 0 0 0 0 0 0
CF 298.5 357.0 394.5 165.0 46.5 108. 0 0 0 0 1369.5
T1 274.5 234.0 112.5 96. 0 204.0 174.0 83.1 32.4 45.0 1255.5
T2 274.5 234.0 112.5 96.0 204.0 174.0 166. 2 64.8 90.0 1416.0
T3 241.5 205.5 99.0 84.0 178.5 151.5 83.1 32.4 45.0 1120.5
T4 241.5 205.5 99.0 84.0 178.5 151.5 166. 2 64.8 90. 0 1281.0

1.3 MEmMERA X

e 9 F 2019 48 1 29 H.2 J
22 H.3 H 30 H#EAT R, RS 25 /N X 43 531 U
72 I BEALIE I 9 FCAESE Al 8] 52 5 % T I e 77
SRR I T — YR WO I i A K S AR R R
817 .
13,1 ARdese BRI 4 S50 bk s (2R 3k
AR SR L IR SR AT BEA BUE & AR,
KL DY M 2 (TTC 3 I 52 MR35 10,
1.3.2 EheM HAERCEHEERH 2,662

Ty 5 13 €0 305 000 S 5 T I R M R FH O L
ke TEEA SRR SR G
250 I W A 5 A IR b O i OR A K A R 1
TE T RLER 2 R R B B A I
1.3.3 HMAKLS ST Zl e R 2K 0
O I TR A LT B, I A5 T
J s R A H,SO,-H, O, ¥ & )5, 43 9 % A ¥l
IR U 5 4 L AR BR BT EL B 0 5 4 L KM
OB R I A
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F AR R o, R FH i ™ 0k DU ke L5 R
F NaHCO, =250 i o 0 00 e 3 250 5 >R
TR B R 4R KON O 0 R A5 5 SR P A R
B 2% BRI 5 A LS (SOMD 5 fifi F L 5 3% . pH
053 530 0 7 - H R pH P

FEATFI R 5 R A R

R VB IE R 238 = Ot I DX i B 3B AR 9 &
CBE VB0 B B — ANt A DX b b 35 1 4 R (g L)
R T/ (B A A A X100 %

IR FF M R B =4 A P 3R 5/
A R 3R

IR PR R = (A IR — L3R40 /
TS X100%
1.4 HIESH

K H Excel 2016 #E17 %4l 42 11 43 B AR 14
F SPSS 22. 0 # 47§ R J7 2243 B . 3K H] Dun-
can’s AT L F LI (P<T0.05),
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R BER (P <<0.05), 5 CF 4bBAIHb, T2
b3 AR 3 bR B R A o L BB 100 8906, E
T1.T3, T4 &b PR 4 5 $2 & 4. 5020, 1. 33%.,
5.78% o [al— AL M Wit K 7 T, dE S bk & Bl A
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Different lowercase letters indicate significant difference at 0. 05 level. The same below
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Fig.1 Plant height and tiller number of Chinese chives under partial substitution

of chemical fertilizer with bio-organic fertilizer
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7] —fL AT Wit 7K S T A 2R T B AR A LIE Y
Hehnm AL, T2 3 T1 AR & 14. 7200, T4 8
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22.95%.39.34%.19. 67%.29. 51% , [Al—1LHE
Wi KR L T2 8 T1 AbP4EE R C RS
13.33%, T4 # T3 b P 4E/E £ C & RS
8.23% ;s [al—E W A HLIE BL i 7K F T, T3, T4 ¢
T1.T2 b AEAR C HERERARE, R4
WA HIEE 2 2 IEA R T s dE R i E R C
T H T2 AR 4EA R C F it mEch i
=, BLAE AL IR it i — 2 i 2 WA HILAE A 38 it 2
AR R C A .

Al S rh AT S PR R AT I R A A A AL
Tk 2.20%~3.01%.1.49~1. 98 mg/g, H.
YILL T2 AbFf5c i % CF A3, T2 A PR AT 7
BEAR & 33. 192 Al ME AR P AR R 22, 982405 T
T3.T4 Ab 38 AT M 05 & &5 48 & 23, 45%.
12.39% . 27. 43%, ol WM E A 4 0 =&
13.04%.7.45% ,10.56 % . £ [a] — 1k HE ik e 7K ~F-
T T2 85 T1 bS] g P42 = 7. 8906 vl i 4

B 8. 79% s T4 5 T3 Ab B n] i M b 3 5
13.39% Al MR (1 2. 89 %05 IRl — A= W A AL
B b 7K SF R, T3 % T1 4b B AT 3% M B [ A%
8.96% Al M FIREAL 4. 95%0, T4 % T2 kb3
AV TR AIR 4. 3206 AT MR AR RIS 10, 10% .

i R o 2 FVREL 2T 48 2 DA ISR S SR i
A bR, 2 2 ATLAE WL YA HUIE R4
BRI BT w2k R AR 4 & R, Hop
T4 4b ¥ T fif W2 46 & & B AL, % CF Ab 3 B X
27.26%,T1.T2.T3 % CF Ab Al fR £h & & 20 51
FEAIC 16. 06%0 . 14. 84%.,23. 98% ., T1.T2,T3,
T4 % CF kb 3 M 2F 4¢ 47 5 B AL 18. 52%.
14.81% .13.56 % .8. 7% . 7£ #H [ 4= 91 A HLAE B it
KR, T3 %5 T1 Ab B 27 4 & &3 Jin 6. 09% .
T4 &5 T1 LB 7. 22 % s 78 W] — Ak JE 9 it /K -
T T2 8 T1 AbHEH LR 4 & 3 m 4. 55% . T4
T3 AbFHIE N 5. 66 % .

R2 EVENEBSERUBEREFRR (x £s,)

Table 2 Nutritional quality under treatment of partial substitution of chemical fertilizer with bio-organic fertilizer
pLg:l A2 C/(mg/g) AR/ AR A/ (mg/g) iR EL/ (mg/g) A2/ %
Treatment Vitamin C Soluble sugar Soluble protein Nitrate Crude fiber

CK 0.5740.03 ¢ 2.2040.354d 1.49£0.19 e 322.37416.45d 11.50£0. 29 cd

CF 0.6140.32 ¢ 2.2640.58 d 1.61+£0.09 d 449,38+16.17 a 13.50£0.29 a

T1 0.7540.12 b 2.79£0.08 b 1.82+0.23 b 377.19+13.51 be 11.00£0. 29 cd

T2 0.8540.17 a 3.01%0.57 a 1.98+0.32 a 382.68+5.60 b 11.50+0.33 d

T3 0.7340.10 b 2.54+0.60 ¢ 1.73£0.03 ¢ 341.564+11.97 cd 11.67+0.67 be

T4 0.7940.50 ab 2.8840.29 ab 1.7840. 10 be 326.8944.36 d 12.33%+0. 33 ab

TP F/NG PR RRTE 0.05 K FEREE. TR,

Note: Different lowercase letters in the same column indicate significant difference at 0. 05 level. The same below.

2.3 EMEVEBIBERUENER=EM M
mZE 3 From, £ b B R R R /MR IR R
T2>T4>T1>T3>CF>CK, CF % CK &b 31
77 31.47% 3 T1.T2. T3, T4 % CF Ab 43 5 3 =
7.30%0.10.57% 4. 71%.7. 88 % , 75 AH [A] 16 T s

WK T, T2 8 T1 Ab ¥R K p= S L2 44, 79%,
T4 %5 T3 ARG = L8 67.30% ., 45 FU 4
LR 1N s e T AV [T RN = [ e = G E IR ¢
AR B it FH B — SRS B0 388 it A A LR AT 4
AR .

R3 EYENRBSBERUBESRESE (x5,)

Table 3 Chinese chives yield under partial substitution of chemical fertilizer with bio-organic fertilizer

FedE /(kg/hm?) Yield

Ab B/ (kg/hm?) AR/ %
Treatment 1R 2 W 3R Total yield Rate of growth
First time Second time Third time

CK 12 5784280.81 ¢ 10 8234257.58 d 8 726+442.18 d 32 126+943.70 e —

CF 16 1784+225.13 b 14 378466.24 ¢ 11 6814+171.97 ¢ 42 236+462.71 d 31.47

T1 17 0224131.07 a 15 7794294, 94 a 12 5194234.01 abec 45 3204617.75 ab 7.30

T2 17 4234138.91 a 16 0891284, 18 a 13 1914157.01 a 46 703£536.81 a 10. 57

T3 17 1334165.54 a 14 9554134. 63 be 12 1404175. 29 be 44 228+406. 39 ¢ 4.71

T4 17 244439.55 a 15 378+311.19 ab 12 9414418. 32 ab 45 563+628.9 ab 7.88

T CF AL F Y = 3L F CK Ab B ; e it b B 3% 7= 3 F CF Ab B,

Note:CF treatment increases yield based on CK treatment; combined treatment increases yield based on CF treatment.
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2.4.1 HEXRRABEREFRR . SERELRIE
AR EGHw R 4R AL ET A
JEFIH 48 T2 kb 3R fe s, o 20. 09% . T1.
T2.T3.T4 4bFEHE CF Ab P ENEFH 2 4 5 $2 =
93.27%.141.47%.61.30%.97.12% , FHEY
AHLIEFR B AACIEH T4 = B A H % & &
BRZHERE T2 4 K. 5 CF 4 AH
P, MR 22 AR B R &5 720 170,

46.99 % ,49. 00 %0 5 [A] — fk 2 98 it K °F 7, T2 %
T1 AR ZE PR R R BB 24, 52%
21.14%.13.85%, T4 % T3 Ab PR 25| M A #E
BB R R R 18. 16%.3. 72%,10. 46 %, A
— YA MU KSR, T3 8 T1 A #AR L nt
REH BRI WIFEAK 15.51%.26. 62% ., 2R K
FRERIGIN 3. 04 %0 T4 B T2 AbBIAR 25 A E
LR BEAL 19. 85%0.11. 74%6.28.49% . 4%
WEHARSEBUIDREM RS, RRARZ, X

/.

x4 EPEVNRTSSBRUBERFAREREZTRR SEERAEFAE (xs;)

Table 4 Nitrogen accumulation, distribution rate and nitrogen utilization efficiency in different organs of Chinese chives

under partial substitution of chemical fertilizer with bio-organic fertilizer

R Root

2% Stem

M Leafl

A
Tre%\tlfent *’L{’%E‘/ ﬁ‘EEA%/,% E—{?‘E‘/ ﬁ‘ﬂﬂi/% MR/ QEEAK/% E&Trfgg?
(kg/hm?) Distribution (kg/hm?) Distribution (kg/hm?) Distribution Lo
Accumulation rate Accumulation rate Accumulation rate utilization rate
CK 7.23+0.98d 22.134+1.17 ¢ 5.17+0.28 d 15.76+0.16 ¢ 20.38+1.07 e 62.12+1.19 a -
CF 21.27+£1.73 ¢ 24.4140. 88 be 15.284+0.37 ¢ 17.44+0.67 b 50.63%0.05 cd 58.15+0.38 b 8.32
T1 29.414+1.72b  25.73£0.85 ab 18.54+0.02 b 16.15+0.58 bc  66.554+1.08 b 58.174+0.32 b 16. 08
T2 36.624+1.69a 27.204+0.55 ab 22.4640.63 a 16.75+0.36 bc  75.44+2.60 a 56.0640.45b 20.09
T3 24,844+1.28 be  26.77+1.10 ab 19.1140.93 b 20.5840.65a 48.83+1.77d 52.65+1.72 ¢ 13.42
T4 29.354+4.07 b 28.27+1.44 a 19.82+0.34 b 19.2940.18 a  53.9440.95 ¢ 52.4441.08 ¢ 16. 40
2.4.2 MEXRRABEHEIRR HRAHRES ARG EREES. 7€ CF.T1,T2,T3, T4

MR Fem 3R 5 R, 50 AL BT 85I A H
FPLT2 AP, o 15, 10% ., 5 CF 4b B A
Fb.T1, T2, T3, T4 4b 2w A F) FH 2 5 0 32 &
345.96 % .429. 82% .312. 63 % .356. 14 % , fE[7] —
A RE S K S L T2 %5 T1 Ak B AR ) FH R 48
18. 80% . T4 % T3 4b B 8% A0 Al A R # &
10.54%

ANFEEAL AL T £ 458 B R R R AR
ZR(FES ., 5 CF ML MR ZE RN ER
AR T2 Ab PR 43 538 54 . 53% .64, 12%,
47.60% 5 [a] — fL AE Wit /K - 7. T2 & T1 4k 2
L2 MR R OR & 4 5 15, 01%.,
26.99%.5.00% , T4 # T3 AbBHAR .22 B E 1
ZEA AN 24, 49% .24, 60% .24. 26 % , [A]—
A=A HLIE IR K SF R, T3 8¢ T1 Ab B R L &
WA 21, 69% .11, 20% . 35. 36 % , T4 &
T2 AP ZR A B 40 i BEAR 15. 2120.12. 94 %,
23.51% ., WA EBRITIEKE  DHEM LB
R Be R, R AR, ZEEit.

2.4.3 HEFZRRABEHEMRE . S BRERSTE
AR EGHw  WE 6 B A AL AL 3R A

AT OIS A 5 B R 200 27% .12, 47%
15.97%.11.64% .14, 92% ., % CF kb3, £ I i
Ab 3T B AE R FH R BEAR

AN TR) it JE A B AR L 25 B R AR B DL T2
Ab B B R, B CF Ab 3 4 I 38 & 57. 9620,
56.18%0.42.63% . [Al— 4L IE Wi KT . T2 5
T1 AR 25 g R B Bt RIS m 22, 76 %6 .
30.36% .12. 05% . T4 % T3 4bBEAR (25 nh B R
R4 B3 26, 95%.19.47%.13. 27% . 1E
] — A= Wy A HLAE it KPR T3 % T1 A BEAR |
-4 2% B A i BRI 10 73%6.22. 38 %, 254
ZRH BRI 9. 55% ;T4 ¥ T2 AL BRAR M40 &
R R MEAC 7. 73% .21, 56 %, XM R B it
B 0. 47 %, £ BB ER 43 BC L 2 AR I R R

RRZZERD,
2.4.4 STEER ARG Y HEEN L

e AE IR HAR R A — R, IR T
i A B R A5 T AL BT S A F R AR
RAE 72 CK B T4 F 5 8ok, Hd, CF
WEHER R B R S PR T 2 43 i)k 253,89 %0 .
831.12% , R HIEH AR MBER L TR AIRE,
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Table S Phosphorus accumulation, distribution rate and phosphorus utilization efficiency in different organs of

Chinese chives under partial substitution of chemical fertilizer with bio-organic fertilizer

M Root 2% Stem M Leafl e
. FI) %
Ty S % oy Sy % BURHE/  JME%/%  Phosphorus
¢ (kg/hm?) Distribution (kg/hm?) Distribution (kg/hm?) Distribution utilization
Accumulation rate Accumulation rate Accumulation rate rate
CK 2.96+0.37 d 22.4140.74 ¢ 2.5840.20 e 19.23+0.40 d 7.854+0.75d 58.35+0.48 a —
CF 8.384+0.14 ¢  28.71+0.44 ab 6.0240.82 d 20.54£0.46 ¢ 14.7940.06 bc 50.74£0.34 ¢ 2.85
T1 11.26+£0.71 b 28.2640. 44 ab 7.784+0. 65 be 19.474+0.47 be  20.794£0.45a 52.274+0.39 b 12.71
T2 12.95+0.35 a 28.98+0.28 a 9.88+0.30 a 22.174+0.52b  21.8340.80a 48.85+0.25d 15. 10
T3 8.82+0.59 ¢ 30.2740.34 a 6.91+0.53 cd 23.6840.24a 13.44+1.08 ¢ 46.064+0.37 e 11.76
T4 10.98+0.39 b 30.10£0. 66 a 8.61+0.27 ab 23.79£0.26a 16.70£0.70 b 46.114+0.29 ¢ 13.00

o EYANESSBERUBERFAREREZTRR AEERMIEF AR (xxs;)

Table 6 Potassium accumulation, distribution rate and potassium utilization efficiencyin different organs of

Chinese chives under partial substitution of chemical fertilizer with bio-organic fertilizer

M Root 2% Stem M Leafl
- SR/
T Ty Sy % ey SR % BURE/  RCE/% Pouassium
(kg/hm?*) Distribution (kg/hm?) Distribution (kg/hm?) Distribution  utilization rate
Accumulation rate Accumulation rate Accumulation rate
CK 10.05+0.43 e 34.3240.97 a 4,02+0.26d 13.66+0.12 be 15.35+1.56d 52.01+1.25d —
CF 14.51+0.87 d 24.0140.44 ¢ 8.33+1.02 ¢ 13.77+0.64 bc 37.56+0.34 ¢ 62.23+1.48 a 20. 27
T1 18.67+1.48 be 24.37%0.78 ¢ 9.98+1.01 be 13.00+0.38 ¢ 47.81£0.66 ab 62.63+0.23 a 12. 47
T2 22.9240.66 a 25.62740.57 be 13.014+0.65 a 14.614+0.48 b 53.5743.03 a 59.7740.37 ab 15.97
T3 16.66+0.99 cd 24.6140.36 ¢ 10.94+0. 36 ab 16.15+0.89 a 37.1144.32 ¢ 59.24+0.38b 11.64
T4 21.1540.73 ab  27.574+0.55 b 13.07+0.38 a 17.21+ 0.43 a 42.02%+1.03 bc 55.22+ 1.00 ¢ 14.92

R IR 2RI K AR, 1M 4 R S BR P
Ay 22,48 % , 1IEH R B RBAR B CF &b
P, £ PO it i A Ak 3R AR (B ROV R B SEBR
P R L b i R OT M R ACEE T AL R RR
K 83. 78%% , B 25 V- My 72 BRI 52 B V- 47 6 K i 42
7 EVMENEEBS SR T EE BT

Table 7 N, P, K balance in soil under partial substitution of chemical fertilizer with bio-organic fertilizer

. T3 Ah BN B3P AR RO 73, 77 6 AR T
JATIE 30 060 I BRI 20 06 HEAT R T b HE SR o B 4L

A R Y it 1 2

.

B
2

Wi - 58 5% 73 1 A% Y

N P K
L HRE RPN PERE TEEERS PRRE SRR/
Index of Actual Index of Actual Index of Actual
balance equilibrium rate balance equilibrium rate balance equilibrium rate
CK 0.59 —41. 20 0.77 —22.80 0. 25 —74.67
CF 3.54 253. 89 9.31 831.12 1.22 22.48
T1 2.49 149. 11 1.51 50. 55 2.11 110. 65
T2 2.45 144.78 1.51 50. 57 2.02 101. 85
T3 2.82 181.92 1.62 61. 81 2.12 112. 48
T4 2.85 184.76 1. 68 67.82 2.10 110. 09
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Effect of Partial Substitution of Chemical Fertilizer with
Bio-organic Fertilizer on Growth Physiological and
Fertilizer Utilization Efficiency in Chinese Chives

HE Dongxia, XIE Jianming, HE Zhixue, WANG Cheng.,
NIU Tianhang, LU Jian and YU Jihua

(College of Horticulture, Gansu Agricultural University,Lanzhou 730070, China)

Abstract The overwintering Chinese chives under multi-layer plastic mulching was used as experi-
mental material, the non- fertilization (CK) and conventional fertilization (CF) as control, four fertili-
zation patters were set as follows: fertilizer reduction by 20%, bio-organic fertilizer 3 000 kg/hm?®
(T1); fertilizer reduction of 20% , bio-organic fertilizer 6 000 kg/hm?(T2); fertilizer reduction 30% ,
bio-organic fertilizer 3 000 kg/hm?(T3); fertilizer reduction 30% , bio-organic fertilizer 6 000 kg/hm?
(T4). The effect of partial substitution of chemical fertilizer with bio-organic fertilizer on the growth,
quality, yield and fertilizer utilization of Chinese chives were studied. The results showed that com-
pared with CF,the plant height and root activity of Chinese chives under treatment of partial substitu-
tion of chemical fertilizer with bio-organic fertilizer were significantly improved, while yield increased
by 7.30% — 10. 57%, the content of vitamin C, soluble protein and soluble sugar increased by
19.67%—39.34%, 7.45% —22.98%, 12.39% —33.19%, respectively. Nitrate and crude fiber con-
tent decreased by 14. 84 % —27.26%, 8. 7% —18.52%, respectively. Additionally, the accumulation
of N, P and K in roots, stems and leaves of8 Chinese chive significantly increased,and the utilization
rate of fertilizer of N and P increased by 61.30% —141.47% and 312. 63% —429. 82%, respectively,
among all treatments, T2 was the optimal treatment. Under the same level of bio-organic fertilizer,
the increase of reduced application of chemical fertilizer was not conducive to the accumulation of nu-
trients and the increase of yield; under the same level of fertilizer reduction, the increase of bio-organic
fertilizer could significantly promote the growth chinese chives, and increase yield and nutrient accu-
mulation with the increase of bio-organic fertilizer application. Therefore, the partial substitution of
chemical fertilizer with bio-organic fertilizer could improve the yield of leek, product quality and fertil-
izer efficiency of Chinese chives.

Key words Chinese chives; Chemical fertilizer; Bio-organic fertilizer; Quality; Fertilizer utilization

rate
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