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Effects of different nitrogen, phosphorus and
potassium fertilization levels on the growth, yield and quality
of garlic during the vegetative stage

LIU Jingfang, SONG Xiaolong, LI Wenjun, LIU Ruigiang, WANG Shufen,
LIU Hangiang, HUI Maixia, CHEN Shuxia”

(College of Horticulture/Shaanxi Vegetable Engineering Technology Research Center,
Northwest A&F University, Yangling 712100, China)

Abstract To determine the appropriate nitrogen, phosphorus and potassium fertilization levels for garlic
cultivation. Using the improved garlic variety as the material, eight different fertilization levels were set: T1 (120-
24-60 kg/hm?), T2 (180-36-90 kg/hm?), T3 (240-48-120 kg/nm?), T4 (300-60-150 kg/hm?), T5 (360-72-180
kg/hm®) , T6 (420-84-210 kg/hm®) , T7 (480-96-240 kg/hm?) , T8 (540-108-270 kg/hm?) , with the local

conventional fertilization level as the control (CK, 478-150-150 kg/hm®). The effects of different nitrogen,
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phosphorus and potassium fertilization levels on the growth, bulb yield, quality and soil physical and chemical
properties of garlic during the growth period were analyzed. The results showed that: 1) In terms of growth
indicators, the average plant height, leaf length, leaf width and pseudostem diameter of the T5 treatment were
the highest during the growth period, increasing by 15.5%, 18.8%, 39. 0% and 49. 2% respectively compared
to CK. The T6 treatment had the highest garlic pseudostem height and leaf number, increasing by 8. 9% and
16. 9% respectively compared to CK. 2) In terms of bulb yield indicators, the T5 treatment had the highest bulb
cross-diameter, increasing by 28.3% compared to CK. The T6 treatment had the largest bulb longitudinal
diameter, increasing by 22. 4% compared to CK. The T4 treatment had the highest bulb dry weight and fresh
weight, increasing by 16.2% and 20. 4% respectively compared to CK. The yield of the T4 treatment was the
highest, followed by the T7 treatment, but the yields of all treatments were significantly higher than CK(P<Z0. 05).
3) In terms of quality indicators, the T1 treatment had higher garlic saponin content and soluble protein content,
increasing by 16. 3% and 24. 1% respectively compared to the control. The nitrate content increased with the
increase in fertilization amount. 4) In terms of soil physical and chemical properties, fertilization increased the
total nitrogen, total phosphorus and total potassium contents in the soil. Correlation analysis showed that garlic
leaf width, pseudostem diameter and yield were positively correlated. Through entropy weight TOPSIS analysis,

the T4 treatment had the highest comprehensive score and could be used as the basis for high-yield and high-

2026 4F 55 31 %

quality fertilization management of garlic.
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Different lowercase letters in the figure indicate significant differences between treatments (P<Z0. 05). The same below.
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Fig. 1 Effects of different fertilization levels on garlic growth
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Fig. 2 Effects of different fertilization levels on the transverse and longitudinal diameters of garlic bulbs
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Fig. 3 Effects of different fertilization levels on the fresh and dry weights of garlic bulbs
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Table 1 Effects of different fertilization levels on garlic yield

Ab ¥R Treatment

72w/ (kg/hm?*) Yield

By /9% Yield increment

CK 9 384¢

T1 11 606" 23.68
T2 12 044" 28.35
T3 13 000%™ 38.53
T4 14 762° 57.30
TS 12 506" 33.27
T6 12 473" 32.92
T7 13 267* 41.38
T8 10 480 11.68

#:CK:N:P:K=478-150-150 kg/hm*; T1:N: P: K=120-24-60 kg/hm*; T2:N: P: K=180-36-90 kg/hm?*;
T3: N: P: K=240-48-120 kg/hm”; T4: N: P: K=300-60-150 kg/hm®; T5: N: P: K=360-72-180
kg/hm*; T6: N: P: K=420-84-210 kg/hm*; T7: N: P: K=480-96-240 kg/hm”; T8: N: P: K=540-108-
270 kg/hm*. [l 5B 5 A i) /NG T REAR F AL B IR 22 5 2 (P<<0. 05)

Note: CK: N: P: K=478-150-150 kg/hm*; T1: N: P: K=120-24-60 kg/hm*; T2: N: P: K=180-36-90
kg/hm*; T3: N: P: K=240-48-120 kg/hm?; T4: N: P: K=300-60-150 kg/hm*; T5: N: P: K=360-72-
180 kg/hm*; T6: N: P: K=420-84-210 kg/hm*; T7: N: P: K=480-96-240 kg/hm*; T8: N: P: K=540-
108-270 kg/hm®. Different lowercase letters after data in a column represent significant difference

among treatments (P<Z0.05).
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Fig. 4 Effects of different fertilization levels on the nutrient content of garlic bulbs
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Table 2 The physical and chemical properties of soil before and after the experiment
N fb 3 - HEAE 11/ (g/kg) Soil fertility 9 Grade

Test conditions Treatment A N N SR AT Sl
Bﬁe'yirﬁe”the experiment 1.05" 0.63" 11. 06* EC ST ST
CK 1.3040. 10 0.7240. 04" 15.83+£1.72° =% =% [UE73

T1 1.07£0. 27 0.67+0.06" 15.00+1. 55° =% =% IES

T2 1.174+0. 16 0.66+0. 04" 16.33+1.37" =9 =49 Py 2

. T3 1.294+0. 17 0.7040.072* 17.0041. 10™ = =% Vg
ff:izr%he ——— T4 1.3640. 14 0.79£0.11° 18.67+2.73" =% =4 =%
TS 1.194+0. 10 0.7140. 06™ 15.67+0.58° =% =% vy

T6 1.07£0. 21° 0.71£0.07" 17.33+1.15™ =9 =% UES

T7 1.0840. 04 0.80+0.03" 19.33+£0. 58" =9 =% =

T8 1.254+0. 06" 0.71£0.03" 17.3340. 58" =% =% 9 4

T« TR ) A5 GV AR A [ AT 3 U R A TR G - AR

Note: The evaluation of soil fertility was based on the nutrient classification standard of the third National soil survey.

SEATEMY . Hobkk e b TE B ZE R 2R
KL 0 B30 B 25 T F R B B SRR AR B4R
PR ATV R AR ATV PR R BR R L  AE E
i) Sy TE ] £ A, i R R A £ 1] 48 B L 4% 1 AR AR T
BAE R R S5, A K R A A 8 AR A E
HEFF A W R ER (12, 21 %) > 28 T 8 (10. 58 %) >
Al R (9.58%0) > 7= 5 (7.80%0) >R ZE &

3.66%

12.21%

3.88%

4.44%

4.97%

5.03%

5.33%

6.94%

6.36%

B s

(6.94%) >0l % P BH (6.36%) > kR (5. 71%) >
K odr R (5.46%) > M F % (5.33%) > &
(5.03%) > 1F K (4. 97 %) > 58 (4. 44 %) >R 25
L (4.22%) > B B (3.88%) > % 25 4\ &
(3.83%) > ZE R 12 (3. 66 %) . A [\ i A /K - 4=
K AL LA ARV P L HE I WL 3, R
[Fi) it A Ak 3 25 5 P IR VF A0 |R e BRI < T5

® filifi#3h Nitrate

= 25T 7 Dry-to-fresh weight

w A[%EEE H Soluble protein
w7 Yield

u {5255 Pseudostem height

= A% A Soluble sugar

m k7 Plant height

m KFREK Allicin

m 7L Number of leaves

m 4 Total phenolics

m K Leaf length

m 58 Leaf width

w 5Z5H1 Pseudostem diameter

w JEFET Total flavonoids
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Fig. 5 The weight assignment of each indicator based on the entropy weight method
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®3 BT TOPSISHEITHMNAREERLESHERIEFRTI RESIENEHESR

Table 3 The scores of different fertilization treatments in rubber traits calculated using TOPSIS method and the ranking

of the comprehensive scores

$5 b7 Index CK T1 T2 T3 T4 T5 T6 T7 T8
Pk Plant height 0.31 0.31 0.33 0.3 0.34 0.36 0.35 0.34 0.33
i Leaf length 0.30  0.31 0.32 0.35 0.34 0.36 0.34  0.34 0.33
i35 Leafl width 0.27 0.29 0.32 0.34  0.33 0.37 0.37 0.34 0.35
{82575 Pseudostem height  0.32 0.32 0.34 0.34  0.33 0.35 0.35 0.34 0.32

[EE-YI

Pseudostem diameter

M B %0 Number of leaves 0. 30 0.30 0.34

0.25 0.29 0.34

%i/:fﬁﬁi 0.35 0. 36 0. 36
figh =5 % 42

Ifulb 1;rz:nlsvcrsc diameter 028 0-31 0.5
i 2L 18

zéulb ﬁ;?g:itudinal diameter 0-29 032 0. 34
;=1 / (kg/hm*) Yield 0.27 0.28 0.31
n R |

;ﬁbtiﬁiin 0.28 0.3  0.36
Al M BE Soluble sugar 0. 40 0.37 0.28
Kk % Allicin 0.32 0. 38 0.25
BB Total phenolics 0.31 0.33 0.33
BLHE R Total flavonoids 0.38 0.34 0.33
i 2 £k Nitrate 0.28 0.42 0.39
D, 0.34 0.24 0.25
D, 0.21 0. 26 0.22
P, 0.38 0.53 0.47
HEF TOPSIS rank 9 5 7

0.35 0.33 0. 38 0. 37 0.34 0.34

0.34 0.33 0.34 0. 36 0.34 0.34

0.33 0.34 0.31 0.31 0.31 0.32

0.34 0. 34 0.36 0.36 0. 34 0.34

0.33 0.33 0.35 0. 36 0.33 0.33

0. 36 0.41 0.35 0.34 0.37 0.29

0.31 0.28 0.37 0.30 0.43 0.31

0.37 0.39 0.33 0.28 0.24 0.29
0.27 0.38 0.31 0.33 0. 34 0.39
0.38 0.27 0.30 0.39 0. 34 0.33
0.33 0.28 0.33 0.34 0.33 0.34
0.35 0.36 0.32 0.30 0.28 0.27
0. 20 0.23 0.20 0.24 0.25 0.27
0.27 0.30 0.27 0.27 0.27 0.23
0.57 0.56 0.57 0.53 0.52 0.45
2 3 1 4 6 8

He D RID, 3 0 7R 45 A B T 1) 3R g R 7 1) B AR AR A B B P AR R I £ T

Note: D," and D, represent the distances between each treatment and the positive and the positive and negative ideal solutions, respectively;

P, stands for fit degree.

(0.57) >T3 (0.57) >T4 (0.56) >T6 (0.53) >
T1€0.53) >T7(0.52) >T2(0.47) >T8(0.45) >
CK(0.38),

M6 M SCHE 3 BT ok, 6 B S R B 2
W R A OG5 A A R 2 2 B B G G
R OG5 7R I B UG, S AR
A 4 1 BT M G AN MG T I R S R R
I IR OG 5 AR AR A A B R OG
ol G b 5 A OG5 I SR {25 RS 7 A B R OE
R SG 2 W i i 0 {18 2500 AT A Ol g 7 2 B A — A
A BRAL

R I B

3.1 AEREKESKFERNXR

UL B AL AN IE AR R A R i R R
ZOCHE BR300 2w B AT i 2 AR K
o B B A R SR A (E B T A O B . it eI
WA Y A KR H AR SR R R
A AT DA s i SR S A A AR
A B8 7 T A 4 A T B AT, B it IS X R
9 KRR ZE B YRR Bepim AT B R AR
PR At L A e ) R Y 2R R 2
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LB
Correlation coefficient
=5 i w 1.00
¥R Plant height 1
MK Leaflength | 0.78 0
58 Leaf width | 0.58 0.65
{2575 Pseudostem height | 0.60 0.60
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Q <
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(1 g 0.00
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Tl Nitrate 0.36 -0.80
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Fig. 6 Analysis of the correlations among different indicators
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