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Effects of different new-type fertilizers on garlic growth,
yield and quality
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Abstract: [Objective] This study aims to investigate the effects of different new-type fertilizers on garlic
growth, yield, and quality, thereby providing a theoretical basis for targeted regulation of garlic yield and quality
in the Guanzhong area of Shaanxi Province. [Method] The field experiment was conducted from 2024 to 2025
using the major garlic cultivar ‘ Gailiangsuan’ in Shaanxi. With conventional basal fertilizer applied, 12 fertilizer
treatments were established : conventional fertilizer (CK) , topdressing with humic acid water-soluble fertilizer
special for promoting root growth(T1) , topdressing with mineral-derived potassium fulvate (T2) , topdressing

with multi-element amino acid water-soluble fertilizer ('T3) , topdressing with medium and trace element water-
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soluble fertilizer ('T4) , topdressing with Huaneng bio-fertilizer for prevent root rot (T5) , basal and topdressing
with Huaneng bio-fertilizer for prevent root rot (T6) , basal application with Huaneng bio-fertilizer for prevent
root rot (T7) , topdressing with fish protein and amino acid water-soluble fertilizer (T8) , compound basal and
topdressing with Zhongke chemical microbial agent ('T9) , topdressing with Zhongke chemical microbial agent
(T10) and basal application with Zhongke chemical microbial agent(T11). The effects of these fertilizers on gar-
lic growth, yield, and the nutritional quality of leaves, bolts, and bulbs were compared. [Result] Among the 12
treatments, humic acid fertilizers (T1, T2) increased plant height and pseudostem height of garlic by 12.62%
and 14.91% , respectively, and pseudostem diameter and leaf width were generally higher. Compared with CK,
different new-type fertilizers increased bulb yield of garlic by 1.63% —11. 85%. Among all treatments, T3 pre-
sented generally larger bulb transverse diameter, longitudinal diameter and single bulb weight, with the maxi-
mum yield increase of 11.85%. All treatments improved the nutritional quality of garlic leaves, bolts and bulbs
to varying degrees, including the contents of ascorbic acid, soluble sugar, soluble protein and allicin. T6 exhibited
the best comprehensive effect on the nutritional quality of garlic leaves and bolts, with their allicin content signifi-
cantly increased by 33.69% and 29.20% , respectively, compared with CK. T9 achieved the optimal effect on
bulb nutrition, raising soluble protein, ascorbic acid and allicin contents significantly by 27.11%, 60.65% and
19.90% relative to CK. [Conclusion] Different new-type fertilizers exert remarkable effects on garlic growth,
yield, and quality. In practical production, targeted regulation can be realized by selecting appropriate types or
combinations of these fertilizers based on production objectives, so as to achieve high yield, good quality and effi-
cient resource utilization of garlic.
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Table 1 Experimental scheme of different new-type fertilizer treatments

FALYCIE AT Ab 31 7 5K
Single topdressing method

fib JEEHE Ab 38 7 X
Treatment Basal fertilization method
CK H LR NE Conventional basal fertilizer

oy ORI
Conventional basal fertilizer

T R T
Conventional basal fertilizer

T3 LR AT
' Conventional basal fertilizer

T4 W HUE
Conventional basal fertilizer

Ts H LR AR

Conventional basal fertilizer

BRI E -+ K AE AL P 1 IE B AR B 548 0. 76 ¢/m”
T6 Conventional basal fertilizer+ Huaneng bio-fertilizer for
root rot control 0. 76 g/m?*

A LR IR+ X RE = 0 T FE B AR 245 0. 76 g¢/m”

T7 Conventional basal fertilizer4+-Huaneng bio-fertilizer for
root rot control 0. 76 g/m?
O

TS i LA

Conventional basal fertilizer

UL + R EME TR E R E AR L5 g/m’

T9 Conventional basal fertilizer+Zhongke chemical microbial

agent 1.5 g/m?
R AT

T1o Conventional basal fertilizer
UL + R EME TR R E SR 1.5 g/m’
TI11 Conventional basal fertilizer+Zhongke chemical microbial

agent 1.5 g/m?

i HEAE Conventional topdressing

JE B R AR A AR L FHK IR 3. 0 g/m? Humic acid water-soluble
fertilizer special for promoting root growth 3. 0 g/m?

F LB -+ B 5 R AP IR 0. 75 g/m? Conventional
topdressing+mineral-derived potassium fulvate 0. 75 g/m?
WHR N+ £ TR & AR KIFIE 3. 0 g¢/m”

Conventional topdressing+ multi-element amino acid water-
soluble fertilizer 3. 0 g/m?

LB T A+ h o TR KL 4.5 g/m?
Conventional topdressing+medium and trace element water-
soluble fertilizer 4. 5 g/m?

B IE AR U REZE P TR IE B AR 548 0. 76 g/m”
Conventional topdressing-+ Huaneng bio-fertilizer for root rot
control 0. 76 g/m?

B HLIA T -+ U AE AR P IE B AR B 548 0. 76 ¢/m”
Conventional topdressing+Huaneng bio-fertilizer for root rot
control 0. 76 g/m?

LB L
Conventional topdressing

BRI AE -+ f8 2K 2 LR K IR 4. 5 g/m” Conventional topdress-
ing+ fish protein and amino acid water- soluble fertilizer 4. 5 g/m?

BB A A+ P RME TR R R E 4 1.5 ¢/m* Conventional
topdressing+Zhongke chemical microbial agent 1. 5 g/m?

AL NE A+ T RME T M R A A 1.5 ¢/m” Conventional
topdressing+Zhongke chemical microbial agent 1.5 g/m?

BB AL
Conventional topdressing

WAL NE MR T3 2 A= WA HLIE 95. 95 g/m” B
W B A 5 AL 6. 00 g/m”; 5 ML 1 AE Dy K ik 0 HOK I

JE, B 7.5 g/m?. 2% B IE R Ak B 3% 15 25 M
WU NS A A L TR AT . AR B 3R E A
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Table 2 Effects of different new-type fertilizers on growth of garlic plants

b3 B /cm it $E/mm B =54/ mm 25 /em R/ (AR
Treatment Plant height Leaf width Pseudostem diameter Pseudostem height Leaf number
CK 72.53+£3.08b 28.4242.26 ¢ 11.934+1.66 ¢ 28.83+2.65a 7.00£0.00a
T1 81.68+5.04 a 33.03+£3.55ab 13.9841. 90 ab 33.13+3.38a 7.50£0.84 a
T2 81.32+7.12a 34.46+4.32a 15.3942.30 a 30.72£3.92a 7.00£0.63a
T3 80.15+2.88a 33.32+1.61ab 14.114+1.65ab 30.13+1.83a 7.33£0.82a
T4 77.97£5.57 ab 33.13+4.83 ab 13.4940. 65 be 29.08+2.30a 7.33£0.52a
T5 79.23+4.21a 31.06+2. 21 abe 13.1140. 65 be 29.85+2.64a 7.33£0.52a
T6 80.22+3.79a 31.99+2. 41 abe 13.1140. 64 be 29.62+3.19a 7.00£0.63a
T7 79.62+4.40a 32.11+1. 62 abe 14.1641. 54 ab 28.65+2.78a 7.00£0.89a
T8 76.87+£3.72ab 30.24+3.09 be 13.8441.28 ab 28.65+2.37a 7.00£0.00a
T9 80.80+3.81a 30.89+2. 11 abe 13.124+1. 31 be 29.2542.77a 7.00£0.00a
T10 76.57+£3.41 ab 31.07£2.07 abe 13.3341.01 be 30.75£3.99a 7.33£0.52a
T11 78.97+4.42a 31.94+3.07 abe 13.6041. 53 abc 28.95+£5.98a 7.00£0.89a

T« [R50 AR S bR AN ) /N5 5 B e R AN ] Ak Bl ) 22 57 i 35 (P<0. 05) 5 R Il

Note: Different lowercase letters in the same column indicate significant differences among treatments (P<Z0. 05). The same below.
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2.20%~8. 81 % , Hovh T3 kb B 25 5 42 /5 K, TO 4b
i 25 G\ AR 05 K5 0 7R e A B R R Y 2 B Sk R

D EW N,k 49.63 g, KR CK M T
6.37% , Hrh @2 Sk Br i i KOy T1 AR, 48 CK
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By 2E pe i T 1. 63%~11. 85% , Ho T1AI T3
Ab B 7= R L 5 CKOAH L4 538 1 11. 83 % 1
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Table 3 Effects of different new-type fertilizers on bulb growth and yield of garlic

fib 3 i 25 F 72 /mm 52X Y42 /mm AL T/ g FehE/(kgehm ?)
Treatment Transverse diameter Longitudinal diameter Single bulb weight Yield

CK 50.50+2.32d 32.22+2.48 ¢ 46.66+2.86 g 15754.224570. 60 f

Tl 51.66+2. 34 be 34.18+2.47 abed 52.26£3.09a 17 617.35£333.55a

T2 51.794£2.50 be 33.55+£2.84 de 50.65+£2.48b 17 012.49486. 30 ab

T3 52.87+2.24a 34.80+£2. 87 abe 52.09£2.79a 17 621.644+574.17 a

T4 51.3842.48 bed 34.36£3. 34 abed 50.54+£2.98b 16 718.914652. 71 bed

TS5 50.87+2.41cd 33.92+£2. 23 bede 48.77+2.98 def 16 456. 48442, 93 bedef

T6 51.8942.56 be 32.93+£2. 13 f 49.2443.02 cde 16 616. 73:£435. 95 bede

T7 52.02+2.48 ab 33.77+£2.73 cde 49.97+£2.76 be 16 823.54£124.77 be

T8 51.68+3.47 be 34.89:+£3.39 ab 49.64+2.59 bed 16 358. 81-£235. 65 bedef

T9 51.36-£2. 66 bed 35.06+£2.36a 48.36+E2.67 ef 16 113. 50 343. 96 cdef

T10 51.704+=2. 38 be 34.03%1. 73 abed 48.16£2.63 ef 16 011.36+£71.61 def

T11 51.754+2.37 be 34.36+2.62 abed 48.10£2.57 f 16 202. 17£153. 18 cdef

2.3 ARFHBIEHAAENFHEFRBRBZM
Y 26 4 FTN, 4% Ab B 22 [ G I 45 2808 R i T 22
S . 5 CKAHE, B 29 A0 e} b B8R i i) T 38 1
M2 o B W R 3G, B (E S 73. 07 mg/hg, # CK 42
15 40. 89 %0, Ho v T8 &b 3 5 W B BL IR I AR 5 i B
LB CKER & T 71.94% o B T8ALFHAN , I A4k 7Y

HE R b B KRR R i B = T CK, Hop T4 kb3
MRt Kar R & i K. 5 CKA L, #5357 30 R
Ab BT R R I i, e T8 AR PRI L R
CKIEI T 76.92% . 5 CKAH L, 4537 B0 A0 R} b B
VAR R e R, b T3 A H R L B
CK#Ew T 118.14%.

R4 AEAFEBRHMEFEHEFRRROZM

Table 4 Effects of different new-type fertilizers on nutritional quality of garlic leaves

Ak # PoR MR &2/ (mg+hg ) KmE&E/(mgg ) AR SR/ (mgeg ) AEMEEA SR/ (mgeg )
Treatment Ascorbic acid content Allicin content Soluble sugar content Soluble protein content
CK 51.86+£3.96 ¢ 0.9240.08 f 20.54+£1.25¢ 7.04£0.27f
T1 69.98+2.91d 1.314+0.07 de 21.45+£0.41 ef 12.144+0.13 ¢
T2 55.20£4.02¢ 1.2940. 11 de 22.1340.77 ef 12.7440.72 ¢
T3 55.97+3.88e 1.374+0.11 cd 32.2940.12b 15.2740.60 a
T4 85.88£5.22ab 1.66+0.14 a 26.75£3.02¢ 10.9840.44 d
T5 80.62£1.01 be 1.3740.05 cd 26.2140.53¢ 9.99+0.32¢
T6 85.09+2.42 abc 1.2340.06 de 30.65+£0.64b 14.264+0.62b
T7 79.21£7.36¢ 1.2740.09 de 30.41+£0.19b 10.0540.47 e
T8 89.17+£1.72a 0.8240.05 f 36.34+2.09a 12.0540.36 ¢
T9 67.70£0.50d 1.5940.13 ab 27.4240.76 ¢ 13.8840.46 b
T10 66.31£0.60d 1.4840.03 be 25.36+£0.67 cd 12.4540.34 ¢
T11 68.61+1.27d 1.21+0.06 e 23.46£1.85de 12.3840.06 ¢
2.4 AEFEBHLENFEEFMRBIZMI 50.65% ; T6 4b Bl 3 1 8 1 & & & K, N 11.00
IR 5T, 5 CKAR LG, B B LR A BRR 2890 mg/g.
AR W A, Kb TS AN TE AR B pTIAMAR 2.5 FAREFEEHLBXNAFHEERARHN
A . 5 CKAH L, B 2L R A B 5 R & & %

BT 5.31%~71.68%, Hh T1AR MK, 124
b PR, T8 A BHAT R M i e, L CKOIE N T

MR 6AM, 5 CKAL,BR T T7.T10 42 4h,
A 750 sk Ak Ml =5 0 IR I R e A W,
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Table 5 Effects of different new-type fertilizers on nutritional quality of garlic bolts
b 7 POR LR & 4/ (mgehg ™) K E &/ (mgeg ) AR/ (mgeg 1) AL SR/ (mgeg )
Treatment Ascorbic acid content Allicin content Soluble sugar content Soluble protein content
CK 20.59+£0.65¢ 1.13£0.08 f 74.92+1.13 ghi 6.48+0.25¢
T1 28.14+0.86d 1.94+0.19 a 100.99+2.51b 8.424+0.29b
T2 31.38+1.55¢ 1.72+£0.12b 94.67+5.50 ¢ 7.5140.32cd
T3 21.47+1.07 fg 1.45+0.05¢ 73.214+3.42 hi 7.8440.36 ¢
T4 22.69+0.94 f 1.25%0. 06 ef 71.7240.47 i 7.160. 25 def
TS5 37.65+1.65a 1.18%0.07 ef 77.02+1.27 fgh 6.78+0.13 fg
T6 37.7140.50 a 1.46-0.05 ¢ 81.1042. 49 def 11.00+0. 04 a
T7 34.52+0.90 b 1.1940. 08 ef 83.00+1. 49 de 7.3940. 34 cde
T8 34.98+1.23b 1.17+0. 06 ef 112.87+3.60 a 7.3640. 25 cde
T9 25.92+0.50 ¢ 1.41+0.10 cd 78.44+1.82 efg 6.930. 19 cfg
T10 21.53+0.78 fg 1.3140. 08 cde 81. 74+ 1. 27 def 6.64+0.31 g
T11 22.00+0. 55 fg 1.1940. 05 ef 83.46+1.83d 6.69-0. 24 fg
RO FREMEEMNAFHEIEFRBROFM
Table 6 Effects of different new-type fertilizers on nutritional quality of garlic bulbs
s IR L0 7 B/ Kl A/ AT PR f bt AR AR 1 i/ Sk%/ Y%
Treatment (mg-hg ) (mgg ) (mgeg ) (mg-g‘ ) Moisture content
Ascorbic acid content Allicin content Soluble sugar content Soluble protein content
CK 10.70£0.72 ¢ 2.0640.09 cd 133.444+4.80h 9.114+0.26 f 61.05+0.01 ab
T1 12.4840.27d 2.1340.19 be 144.20+4.92 ¢ 11.3740. 36 ab 60.65+0.01 ab
T2 14.1840.79 ¢ 2.454+0.10a 117.1045.801 10.8040. 78 bed 60.59+0.01 ab
T3 12.0540.61d 1.92+0.09 de 171.98+5.16 f 11.3540.90 ab 56.324+0.01d
T4 15.0041.42 be 2.314+0.11ab 222.69+£8. 14 ¢ 11.90+0.48 a 60.89+0. 00 ab
TS5 14.10+1.27 ¢ 2.11+0.21 cd 259.04+9.23a 10.2040.30 cd 61.334+0.00a
T6 11.86+0. 66 de 2.45+0.19a 238.37£10.85¢ 10.9240. 32 abed 60.444+0.01b
T7 9.234+0.02f 1.7840. 06 ef 140.5445.85 gh 9.224+0.53 ef 60.414+0.00 b
T8 16.1540.73 ab 1.73£0.11f 227.49+9. 14 de 10.0240. 58 de 56.524+0.01d
T9 17.19+1.68 a 2.47+0.12a 248.00£8.91b 11.5840.20 ab 60.46+0.01b
T10 7.96+0.62f 2.324+0.04 ab 234.39+9.66 cd 11.5040.42 ab 60.58+0.01 ab
T11 10.8640.48 ¢ 2.23+0.08 be 179.9045.35 11.0740. 46 abc 58.67+0.01¢
2.6 TEFMBEBHLENAFHEETEREFN (10 3 AR 5 7™ (B i 95 25 SR OB B4R 4. 90 I/ kg T LA™
1 B 5 1) A RC N NN 3 R (ER Ly S N A N £

AR 6 B X AN ] AL R R R AT AR RO A L bR T
RERF RSN ARG S5 T2 7. Wi, i E
BAS I H 2 IR R i BAS R LN AR AR
AN & o MO A AL 4 R IE B A |3 E R
A BN R A, % T A 5 R R IE R R
BHECTI RS B HI & L Fl 24— B, 2715545 b 3
o R AR 3 1A 8 280..00, 2 341. 17 J&/hm?, A %0
CK.,T2~T11 &b 3 9 & AL BB A< 2 10 621. 17
oc/hm®, T1 4b B 4 & L AE kL 1 A& 8 280. 00
JC/hm?; B AU R AR Ry IR B 5 B T AR 4

W7, £T7TER, MR A EA, T1 B HFEAL,
I CKUl /> T 3. 51% s INalilt Ak, 3 L A Ak 1 2
WA E I CKAR B T 4. 94 %, Horp T1 4b B & v,
o CKAR R T 14.25% .
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Table 7 Fertilizer cost, output value and economic benefits of different treatments

0 R

b 3 New%fy%eﬂ?eﬁilizer ek dfﬁizi/ s ﬁ{ , é@li/\fz

Treatment AR/ Ckg-hm 2 BH/COERE D poi cont S ) (o
Total dosage Price E put value Net income

CK 0.00 0.00 10 621. 17 77 195.69+2795.95f 66 574.52+2795.95 ef

T1 90. 05 22.00 10 260. 99 86 324.994+1634.40 a 76 064. 0041 634.40 a

T2 22.51 79. 60 12 413.07 83 361.19+422. 89 ab 70 948.12+422. 89 be

T3 90. 05 6.42 11 198. 96 86 346.03+2813.43 a 75147.07+£2813.43 a

T4 135.07 3.73 11124.57 81922.67+3 198. 26 bed 70 798. 1043 198. 26 bed

TS 22.81 20. 50 11 088. 80 80 636. 7342 170. 37 bedef 69 547.93=+2 170. 37 bede

T6 30.42 20. 50 11 244. 68 81422.0042 136. 17 bede 70 177.32+2136. 17 bed

T7 7.60 20. 50 10 777.05 82 435.344611. 39 be 71658.294+611.39b

T8 135.07 15.39 12 699. 19 80 158. 15+1 154. 67 bedef 67 458. 961 154. 67 def

T9 60.03 42.00 13 142.43 78 956. 171 685. 38 cdef 65813.74+1685.38 f

T10 45.02 42.00 12 512. 12 78 455. 674350. 88 def 65 943. 554-350. 88 f

T11 15.01 42.00 11 251.49 79 390. 63£750. 58 cdef 68 049. 24+750. 58 cdef

RS ARFEIEHSEFHEFRRTNBR-TOPSISEFITER

Table 8 Entropy weight-"TOPSIS results for nutritional quality of garlic leaves under different new-type fertilizer treatments

Trﬁ\t}r%em p p ¢ El;fi Trﬁ\tlrfem b b ¢ I:jjzflék
CK 0. 086 0. 006 0. 064 12 T6 0. 030 0. 065 0.687 1
T1 0.049 0.047 0.486 9 T7 0. 044 0.048 0.523 7
T2 0.054 0.046 0.457 11 T8 0.054 0.061 0.532 6
T3 0.037 0.068 0.645 4 T9 0.031 0.067 0.681 2
T4 0.036 0.066 0.648 3 T10 0. 040 0.055 0.578 5
TS5 0. 046 0.048 0.515 8 T11 0.049 0. 044 0.476 10

D' FoR S IEMAL A R R BEES s D 3R 5 00 U I EC R 0 5 COR AR IS BE . R Il o
Note: D™ denotes the Euclidean distance to a positive ideal solution. D~ denotes the Euclidean distance to a negative ideal solution. C refers

to the relative closeness coefficient. The same below.

RO TEHMERHLEFREEFRRNER-TOPSISEZHHER
Table 9 Entropy weight-TOPSIS results for nutritional quality of garlic bolts under different new-type fertilizer treatments

teame P P € Rk | teame PP g
CK 0.091 0.002 0.018 12 T6 0.029 0. 081 0.738 1
T1 0.045 0.055 0.551 5 T7 0.049 0. 060 0.549 6
T2 0.039 0.056 0. 589 2 T8 0.047 0.065 0. 580 4
T3 0.079 0.019 0.192 8 T9 0.066 0.027 0.290 7
T4 0. 080 0.012 0.128 9 T10 0.083 0.011 0.118 10
TS5 0.051 0.073 0. 586 3 T11 0.083 0.009 0.099 11

2.7.3 REHBIeH L K FHEZRDBEERNL TOPSIS 2 %6 A [7] Ab B 25 ¢ 25 Ptk DA B 48 5% IR 25
B K B Wm0 AN ARG R AL - AT T AT, 85 R W3R 10, R 100 A1, T1 4k
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Table 10  Entropy weight-TOPSIS results for agronomic traits and economic benefit of garlic bulbs under
different new-type fertilizer treatments
b3 ‘ . He4 Ak ‘ . HE#
Treatment p p ¢ Rank Treatment b b ¢ Rank
CK 0.014 0. 004 0.197 12 T6 0.009 0. 007 0.433 6
T1 0.001 0.016 0.947 1 T7 0.006 0.010 0.601 3
T2 0.007 0.010 0. 594 4 T8 0.012 0. 005 0.313 8
T3 0.003 0.015 0.813 2 T9 0.014 0.004 0.228 10
T4 0.007 0.009 0. 564 5 T10 0.014 0.004 0.217 11
TS5 0.009 0.007 0.431 7 T11 0.012 0. 005 0.296 9

F1l TEFHEHLEXFESEEFBRBB-TOPSISEFHER
Table 11  Entropy weight-TOPSIS results for nutritional quality of garlic bulbs under different new-type fertilizer treatments

Tre%l}fem b b ¢ izn%k Trf:ll\lffem br b ¢ Igifk
CK 0.104 0. 025 0.191 11 T6 0.044 0.094 0.682 5
T1 0.091 0. 040 0.307 10 T7 0.106 0. 020 0. 156 12
T2 0. 106 0. 049 0.316 9 T8 0.026 0.102 0.795 3
T3 0.075 0.051 0.405 8 T9 0.008 0.119 0.937 1
T4 0.031 0. 094 0. 750 4 T10 0.073 0. 086 0. 539 6
T5 0. 024 0.114 0.823 2 T11 0.076 0.051 0.405 7
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