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Effects of different foliar fertilizer application methods on vegetable

growth, development and yield

DONG Jide', DAI Ruifang>’, ZHANG Yuxin®, KUAI Jialin‘, CHEN Guangquan®, SHAO Peng’

(1. Yongchang County Agricultural Technology Promotion Service Center, Yongchang 737200, Gansu, China; 2. College of Agriculture
and Eco- Engineering, Hexi University, Zhangye 734000, Gansu, China; 3. College of Horticulture, Hunan Agricultural University,
Changsha 410000, Hunan, China; 4. Vegetable Research Institute, Gansu Academy of Agricultural Sciences, Lanzhou 730070, Gansu,
China; 5. Shandong Yipu Agricultural Technology Co., Ltd., Zibo 255000, Shandong, China)

Abstract: To investigate the effects of foliar fertilizers on the growth, development, and yield of vegetable, two types of
foliar fertilizers, namely high-potassium water-soluble fertilizer with macro-elements (foliar fertilizer A)and mineral-de-
rived humic acid water-soluble fertilizer (foliar fertilizer B), were selected for foliar application trials on celery, zucchini,
tomato, and cauliflower, which are the main vegetable types cultivated in Zhangye city. The results indicated that both foli-
ar fertilizers can promote the growth and development of vegetable and increase their yields, and the effects of alternating
and mixing applications are superior to those of single applications. For leafy vegetable, the best results were achieved by
applying foliar fertilizer A first, followed by foliar fertilizer B after 15 days. For fruit and melon vegetable, the optimal ap-
plication was foliar fertilizer B first, followed by foliar fertilizer A after 15 days. It is recommended to use these two foliar
fertilizers in an alternating or mixed manner in production based on different vegetable types.
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Table 1 Effects of different treatments on biological traits of celery

4k 1R PR R M PR A ZEFH
Treatment Plant height/cm Root length/cm Stem thickness/mm Fresh mass/(g-plant") Stem number
CK 17.83+2.57d 3.90+0.66 d 3.35+0.39 ¢ 3.70+1.15 ¢ 4.33+1.53b
T1 24.74+0.88 a 7.43+0.30 a 4.67£0.29 a 6.84+0.36 a 5.80+0.45 a
T2 24.08+1.54 a 7.26+0.26 ab 4.24+0.39 b 5.43+1.21b 5.47+0.89 ab
T3 18.18+£0.91 ¢ 4.99+0.40 ¢ 4.00+0.32 b 5.38+0.51b 5.60+0.55 a
T4 17.99+0.92 d 4.9240.23 ¢ 4.01+£0.21b 5.38+0.50 b 5.20+0.84 ab
T5 21.20£1.47 b 6.824+0.56 b 4.23+0.31b 5.47+0.51b 5.60+0.55 a

TE: F ARG RIS 2257 B3 (p<0.05) . FIF .

Note: Different lowercase letters in the same column indicate significant difference(p<0.05). The same below.
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Table 2 Effects of different treatments on biological traits of cauliflower

EL 7RG L EXi THIR TEXREAE
Treatment Plant height/cm Blade number Stem thickness/mm Expansion/® Bulb diameter/cm
CK 8.80+0.52 ¢ 9.00+1.00 ¢ 8.12+1.01 ¢ 16.37+0.12 ¢ 17.90+0.30 ¢

Tl 12.83+1.89 a 11.67+0.58 a 10.60+0.86 a 16.97+0.20 a 21.46+0.58 a

T2 12.00+0.50 ab 10.67+0.58 ab 10.31+1.36 a 16.73+0.06 ab 21.16+0.68 a

T3 10.40+0.56 be 10.00+1.00 be 9.25+0.29 ab 16.43+0.12 ¢ 19.80+0.36 b

T4 10.83+0.35 b 9.67+0.58 be 9.48+0.59 ab 16.40+0.10 ¢ 19.60+0.20 b

T5 11.90+0.66 ab 11.0041.00 ab 9.90+0.41 ab 16.60+0.17 be 20.34+0.46 b
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Table 3 Effects of different treatments on biological traits of tomato

Ib 3 THER P Xl AL SR R

Treatment Flower number Plant height/cm Stem thickness/mm Fruit setting number ~ Stem base number
CK 2.80+0.84 d 113.00+£3.55 ¢ 10.97+1.05 b 3.40+0.89 ¢ 16.40+0.55 ¢

Tl 4.40+0.55 a 129.80+3.55 b 11.13£0.54 b 6.20+1.30 ab 17.80+0.45 ab

T2 4.60+0.55 a 136.00+1.58 a 12.30+1.22 a 7.00+3.32 a 18.60+0.55 a

T3 3.20+0.84 cd 125.80+3.19b 10.56+0.84 b 5.80+1.30 ab 17.20+0.84 be

T4 3.40+0.55 bed 126.00+4.06 b 10.72+0.58 b 4.20+0.84 be 17.20+0.84 be

TS 4.20+1.30 ab 129.00+3.16 b 12.26+0.67 a 7.00+1.00 a 18.20+0.84 a
214 @PFF AT HRG Y0 BR 4R, L TIT2 TS ANBEY R Z N £ H bR,

AN [ Ak 3EF PG 0 T 3 e b A A [F AR BE 1 5
. 7EM A Fdebr, 5 CK AL, T1.T2.T3. T4,
TS5 AL FHIE BN fEpR = dR AR T, 5 CK AHEE,
T2.T5 AbBE 2 15 0 s £ 220 48 b5, 5 CK AL,
T2.T5 AbFEE R IG 0 e e EdRbr b, 5 CK A

5 CK AHLE, T1.T2.T5 b BE R ZE 3. DL B4R
FEH L AN [F) b BRG0P AR K AR S (A
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Table 4 Effects of different treatments on biological traits of zucchini

b} LA N EX il THEH RERETE
Treatment Blade number Plant height/cm Stem thickness/mm Flower number Bud number
CK 16.00£1.58 ¢ 47.20+3.35 b 28.99+4.55 b 1.60+1.14 b 5.20+0.45 b
Tl 18.20+0.84 b 47.40+3.36 b 31.71+4.16 ab 3.20+0.84 a 6.80£1.10 a
T2 19.80+1.10 a 52.40+1.95a 34.15+3.16 a 2.80+0.84 a 6.80+0.45 a
T3 18.00+£0.71 b 48.00+£2.45 b 32.13£1.39 ab 1.80+0.84 b 5.80+0.84 ab
T4 18.40+£0.55b 49.40+0.55 ab 31.30+0.94 ab 2.00£1.00 ab 6.00+0.71 ab
T5 18.80+0.84 ab 50.40<1.14 a 33.95£0.97 a 2.60+0.55 a 6.60+0.89 a
10.97%-17.80%-75%F 30.77%; F K& TS5 A3 o Jiti FH o

2.2 MEERELIET AR 4 MRS~ 2897200

221

MARAEEHR A BB, 5 CKAM

EL, B AT A A AR B 68 B i s .
Horb T Ab B & B i, 1A 3 6 149.65 kg - 667 m?,

222 MEMEFEOHR HE2 WAL, CK
AP, B TS A O TEE B Y RESE el
PR e, FLUGE T2 AT TS AbEE,
=B CK gy B E B 17.96% « 11.43% Al

. o T AbEE

HRHE T2 43 (6 056.27 kg 667 m™) , 1 CK 43
BE R 14.11%80 12.38%. 2 Fh T AR AS [7] 4b B
JiEX SR R B, s BR AR RO T1>
T2>T5>T3>T4>CK, o] UL AL A FIH- [ AE B
A B it P BUR A i B P AR T S Rk

10.20%: T3 H1 T4 &b ¥ T CK,HERARE . 2
o v T AN [ Ak B 7 2 06 A 52 7 1 R 52D S BN 1
FIMRAMK A TI>T2>T5>T3>T4>CK, 7] I, , i
THAE A R T AR B A2 % it FH B307R A it A 1) 25 R 35
UFF 2 B P

+139-



S —— L )
X ISR 5T H I\ 2 38%
a
6600 6500
~ 6400 | a ~ ‘i&’ { ab
= | ab £ -1[
o 6200 {' {_ abc 3 6000 - bc
g 6000 | be & be
£ 3800 ¢ : £ 5500 | T
5 5600 by =
g °
S 5400 | =
I 5200 f 5000 |
B 000 |
4800 4500

CK T1 T2 T3 T4 TS
Qb3 Treatment

AR NG FRERIRTE 0.05 K P EREE. T,

Note: Different lowercase letters indicate significant difference at
0.05 level. The same below.

1 MEBFRELET EX 32
Fig. 1 Effects of different foliar fertilizer treatment

methods on celery yield

1900 a
S 1800 | T
[ L Ci
g 1700 o
& 1600  d
3 1500 |
e
>
1400 |
i)
1300 |
1200 | I — 1 I - 1 | I —
CK TI ™ T3 T4 T5
AL FE Treatment

2 MERERELLE A S 2SN
Fig. 2 Effects of different foliar fertilizer treatment
methods on cauliflower yield

223 st&EmAEe#eh HIE 3 ATAL, 5 CK A
EE, AN [R] et [ Ak BE S5 e 42 va A ki 7 i, b T2 A
TR P B, HLk e T AT TS kb3, =% CK
I3 S E R 16.14% . 12.22% 1 11.45% ;T3 Al T4
WFE T CKLHZERANEE . 2 Bl JEAS A kb 3
T3 EX B e B R AR KON T2>T1>T5>T4>
T3>CK. HUAT W, i AE A A e B 22 & it
FH B A i FH B R I 0 T 3 s A o
TP THT AR AR TR AR B 7522 B i FH e, B e
AR B, Ji5 it FH - THI A A, 386 72 350 SR 1 2 it FH 1 T
RE A S it P TAE B

224 BB EFERch B4 ATH AR
AN E AL BT VR Re AR v e A, Horh T2 b3
B CK REHE S 9.11%, b 5 CK Z R AL
F o 2 i AEA [F) Ach B 7 0 P A P ) 5 e
WIRA T2>T1>T5>T4>T3>CK. LTI, i

£ 140 -

CK T1 T2 T3 T4 T5
A3 Treatment
B3 MEBRELETS A&~ B
Fig. 3 Effects of different foliar fertilizer treatment

methods on tomato yield
THIIE A A0 IR B A2 5 it FH SR it FH ) ROR 1

U 3 FOp i P E R Rl o I A2 A
St A T AE B it IR A 38 ROR B T

St FH T AE A R FH T IE B
a

2600
o ab %
é 2400 } ab
fn b ab ab
-
§ 2200
2
g 2000
£

1800

CK T1 T2 T3 T4 T5
Qb ¥ Treatment
4 FMEERELLIE A L R =2 S
Fig. 4 Effects of different foliar fertilizer treatment
methods on zucchini yield

3 WithEsiR

B I I P A AR IE S 5 7E (R 55 Y RTE it O
B AT T AE A ST AE B X 4 FhBE=E#R A
A AR K B A = B RE R 5 B A AR DG
FE AR e B — B HA sl A AR T 5
Mt X ARG IE 1 b ) 1 A% P T A S A e A
PRI R, AL A A SRR IE
P TCR , B E IR TR A | O S PR A
RS BES PR D 78 i S KT 7 BB SR 0 A2
BRI S G IR R I P AR 7Y
R R T 45 R — B0, B v A0 A IR AT 2 6 v
Yoo & ROR AR S Kk R . L B W AT I
SRR 0 oy s AMLREEE & 77 20 LB R



5591

T S AN i AR 7 2O BRES A K R HA R

X ISR 5T

RO 3 AT O P A B M 4 SRR AR XKy
ARy BRI RE Ao o b AR A2 8 BV 4 it P
I JE AR R I B A VE HT P REZEMAE 1 BT R L 1A
TGN, RIS I 7 57 7 AEAE DA N A% 2 5 70
FCt o AR i A P R R, Se M T AL B
Pt T E AP AL B AR SR BRI TSR MR R I B
DU, FTRE S H TR AR R o6 A0 1 AR 1 Ak XA
N JE SR TT R R ORI B5E 1 AR P

LA T E B T A
B3 RO TT 5 SRR O s SRRSO B H %% A
J& B, 1 RSN e At L P ) IE 5“0k B
Ja A7 X —ZRW RS ARG A KK E 7R
UK. W= SE o FroA OGRS E , HAE K AT
X R AR5 T R A/ SR EE DR a T, T AE A /Y
e AC 3R] LR AR A I A AT I TETAR Y R T
ERRAE Ja WIRE S e & AR IE G2 . A
BN, RS HAE I A Kb Be /e B AR E
IR AR IAEEAN TR 73BN, it T AE B AP ) JE RIS PT 5
fE bR R R B AAE S A0, NIER K E 2t RPN
B IR 5 Sk T8 A R R U e A R R Sk
[P NESE .2 2% P e S 1 Ef s & e St | N o D T
FEAEVRARL , B JRS FE R SR AT RHE e it 2E B A K Ty T
HATMEFE S

AR TN X A5k 5 vt 0 R St 1 R HET
It AL AR 2, (E P T AR AEAS FIPR N AR e 1 5
Al AR 254 ot - S S i R B I A S 1 R A
AR 3R it o S A B B AR AT M T R RN
FC, X LEHA 15 T1E 5 Beali6 st — B IR 41 5L
(I PR FUANRAIE » LA 2 i PP Aty et T AL £ L FH 98 77

£k LRI, w A AR R s R KL O E AD
L5 V5 B R R AV T A (b T FE B ¥ B AR 3 /3¢
PEHT ARSI A KR B IR, B
B ol A RCRAL T B A o e, SRR
SIEIE H e WU T A W T L B RSN
JRIEHE S AH B, WF 045 RO XS g =i 28 7w i
TR AR 2 P S 04 1 i Rk 5 ik

SE 3k

(1] W9, ST A, SROCHE, 55 . 7 FlAS [ ok i A3 o8 TR A K

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

AL AR T] . P E RS, 2021, 34(12) :63-67.

SRAM B . AN TR P AU 7 37 e B i SR RIS [ A AR

H4%,2024(12):157-158.

B IOV, 5 8%, 55 . 4 Bl v T A ISR 6 DKM G TR 2

R BRG] RS 2025,38(2) :82-89.

WK, INK I, o 25 T . AN [R) I T LA 3 7 e B il IR ) 56

WAI[J] . RERR 2 S B A, 2023,26(6) : 34-35.

TR, TS T, 5 R K T o 1 B A

SRS it S A RE (D] . B 5 AR AL, 2024, 55(9) 1 7-8.

RN, 4 58 e, S LR T AR E VAL IR R

B[] E T, 2017,3009) :31-33.

W) =, 2R T 0, (L4 R, 55 T i LIRS R TR I I i /2

3 P SE LR R AR 0] 2 BRI R 2019, 47 (D) -
171-174.

XIZEH, LTy, B AN [F) AL T AR IS 3 3 7 1 A
WA (1) Meta 23 AT [J]. AR FHE , 2024(2) :27-30.

TR BT IR RS, 45 R SRR TR TE R e A 5
JREIAATT T[] . A R 18R, 2018, 34(34) : 42-46.

R 5, SR PR reie S L TV AT AT X A7) SR e

PR IF ] Al 5 HAR,2021,41(19) :86-88.

K2 P X, 22, S AR [R] I T I 3 R R ) 5

M [J]. FAFEESE,2021(1) :62-66.

TR, TSI, 3R R AN R AT AL R LR SE K 90 K=

28 B 2038 1 52 ma [J]. W0 V0 ROk B 2, 2022, 63 (5
1031-1033.

AR, T, S R, A5 AN () i T AT R AR K S R
HIRZIRT]. B ML R, 2019,47(1): 107-110.

FRRA  ARTET5 , 22, 55 S [7) A= 0l 7kt BE Ol BOB A 7 SR
S R IS [I]. 67 25, 2023(3) :31-36.

RE FOHTI% VAP, 2 R K B 5 R R R A 7

BT R K 23 I I SE A 0] AR L L2, 2025, 66(2) «

336-343.

W1, B, AR 3, 45 WA A0 A R R A T A

FHREFE /N HUBTRE 7 (0 A BRI 22 ORI (0] W 9% S k)
2241,2025,31(3):508-525.

A S, ST 5 VR A5 A R K T I e A R R X

TR KSR I]. 6518 2, 2023(14):1-7.

ZEA5 T SOk SRR S AR IR BT [3]. R B

2024(7):6-15.

R i O I NUy S Q E P T oY) S (2 N30 < i e L
S ECEE] . B T E 25,2024 (11) : 40-49.

R, B, JE R 5 R A S R IR o b % 5 i A=

e 5 5L SIS I [J]. 48 b A AR, 2023, 38 (K F) D) -

300-306.

£ 141 -



