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Effects of liquid fertilizer with different concentrations of humic ac-
id- grafted loosening agent on lettuce growth and soil physicochemical

property

Zhu Hongrun, Zhang Mengjun, Li Zihong, Zhang Xiao, Yu Kaikai, Pei Hairong, Guo Jingli, Liu Ruijie,
Wang Liangliang

(Henan Xinlianxin Chemical Group Co., Ltd., Xinxiang 453731, Henan, China)

Abstract: To explore the comprehensive regulatory effects of humic acid-grafted soil loosening agent (HA-PAM) on let-
tuce and its optimal application concentration, a basic liquid fertilizer was used as the control (CK), and based on this ba-
sic liquid fertilizer, four liquid fertilizer treatments with different HA-PAM concentrations were set up (T1: Basic liquid
fertilizer +100 g+ L' HA-PAM, T2: Basic liquid fertilizer+150 g - L' HA-PAM, T3: Basic liquid fertilizer + 200 g- L'
HA-PAM, T4: Basic liquid fertilizer+250 g- L' HA-PAM), along with a commercial functional liquid fertilizer treatment
(T5). The agronomic traits, nutritional quality of lettuce, and soil physicochemical property were measured. The results
showed that HA-PAM can combine the functions of humic acid and soil loosening agents. The T1 treatment showed the
best growth promotion and soil improvement effects. Compared with CK, the fresh aerial biomass and total root length of
lettuce increased significantly by 28.03% and 37.37%, respectively; soil bulk density and porosity showed certain changes,
with bulk density decreasing by 3.33% and porosity increasing by 4.60 percentage points; the proportion of large aggre-
gates (>2 mm) and medium aggregates (0.25-2 mm) increased by 2.60 and 1.36 percentage points, respectively. The T3
treatment increased fresh aerial biomass by 18.32% compared with CK, while maintaining high biomass and significantly
reducing nitrate content in lettuce by 46.53%. Economic benefit analysis showed that the T1 treatment resulted in a net in-

crease in income of 305.4 yuan per 667 m?, with a benefit-cost ratio of 1:11.75; the T3 treatment could still achieve some
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income increase while reducing nitrate content. In summary, liquid fertilizer with 100 gL' HA-PAM has an outstanding

growth-promoting effect, and liquid fertilizer with 200 g- L' HA-PAM is better at reducing nitrate content, providing a ref-

erence for selecting the application concentration of humic acid-grafted soil loosening functional liquid fertilizer for leafy

vegetables.

Key words: Lettuce; HA-PAM; Liquid fertilizer; Root development; Soil improvement; Quality regulation
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Table 1 Physicochemical properties of the test soil before crop transplantation

sk T w R F D wCH L) wCE D wCH LD
AN
" % Alkali hydrolyzed nitrogen  Available phosphorus ~ Available K content/  Organic matter
Index Soil type . . .

content/(mg-kg™) content /(mg-kg") (mg-kg" content/%
24§ Parameter Hit Loam  8.67+0.03 56.97+0.92 17.78+0.24 195.94+1.23 0.97+0.04
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Note: Different small letters indicate significant difference among
different treatments at 0.05 level at the same time. The same below.
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Fig. 1 Effects of different fertilization treatments on
lettuce SPAD value
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Fig. 2 Effects of different fertilization treatments on
lettuce plant height
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Fig. 3 Effects of different fertilization treatments on the
leaf number of lettuce
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SN

H1 2 AT, T1~TS Kb 2 b 50 e o & A 4
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H > N 69.95 g, B8 CK $ig i [ 18.32% : iR #h & &
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Table 2 Effects of different fertilization treatments on

lettuce aboveground fresh mass and quality

B R wdEAE R O wiH R #)

Aboveground Vitamin C content/ Nitrate content/
Treatment 0 .

fresh mass/g (pg-g" (mg-kg"
CK 59.12£5.63 b 31.88+5.21 a 2 758.09+38.93 a
T1 75.69+£3.31 a 39.22+3.82 a 2 346.79+£25.56 b
T2 73.44+9.18 ab  38.56+4.57 a 2 178.474£25.30 ¢
T3 69.95£2.33ab  32.17+2.18 a 1474.93+42.07 ¢
T4 64.95+£2.64 b 33.39+8.81 a 1742.94+10.38 d
T5 65.32+£3.52 b 32.48+2.10 a 1540.78+11.35 ¢

A FNG FRERRAL B LE 0.05 KPZEREE. N
Note: Different small letters indicate significant difference among

different treatments at 0.05 level. The same below.
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Table 3 Effects of different fertilization treatments on the fresh mass and growth parameters of lettuce roots

b2 R A o7 ISYISSS IR T IR
Treatment Fresh root mass/g Total root length/cm Root surface area/cm’ Root volume/cm’
CK 5.51+0.59 a 518.65+17.46 ¢ 104.14+14.65 d 1.77£0.30 b
Tl 6.91+1.12 a 712.48+24.97 a 150.49+16.81 a 2.33+0.33 a
T2 6.64+0.68 a 697.07+£22.45 a 141.55+11.75 ab 2.02+0.20 ab
T3 6.45+0.64 a 675.13+18.90 b 134.06+9.33 ab 1.97+0.27 ab
T4 5.96+1.06 a 548.68+12.37d 111.25+8.46 cd 1.81+0.27 b
T5 5.98+0.66 a 615.71+21.00 ¢ 125.07+1.04 be 1.81+0.30 b
. . 960
140 a [C]% & Bulk density
= b 20 CJ4LBE Porosity
120t = ¢ d 450
2 &8 ; > T L B
. | f —I— ° lorard af < oal ] al] A °
o H = AT AT 2
22 _I_ o N7 e A P 2
H;I,[ <~ 80+ > L2 ] b ) £
ol E 12217 o £
=2 oo} 3 Pk 1 =
] ~ o8 | ] A < A X 1910F &
g =T | 0 o 1 0 1 1 0 1 0 0 1 Y o B
Q% 40 | m e £\ R % P B v B B 2 S B P N
il I Pl A AN
20 A S AP e
jij \‘ 1 < X P4 X //
0 0.0 Lz | | | / A \¢ 0

CK T1 T2 T3 T4 T5
AP Treatment
4 A[EHEAEALEE 3 4 SR A E SRS
Fig. 4 Effects of different fertilization treatments on the
root activity of lettuce
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Fig. 5 Effects of different fertilization treatments on soil
bulk density and porosity
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Fig. 6 Effects of different fertilization treatments on soil
aggregate size distribution
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R R AR A .

4 AT, HA-PAM A 3R A6 A 260 A 25005 3 008 AN
HH RS EYEE ST CK,pH KT CK, H
T1 ABH B AR, pH £ CK B#AK 0.08, Bl & A5 2%
B VIR A A WL S B B CK W g m T
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Table 4 Effects of different fertilization treatments on soil physical and chemical properties after harvesting lettuce

e w BB AR D wCH &) wGH D wCHHLED
Treatment pH Alkali hydrolyzed nitrogen Available phosphorus Available K content/ Organic matter
content/(mg-kg™") content/(mg-kg™) (mg-kg" content/%

CK 8.65+0.04 a 54.84+1.08 d 17.45+0.24 ¢ 192.75+1.23 f 0.94+0.01 ¢
T1 8.57+£0.03 ¢ 62.78+0.59 a 19.60+0.17 a 205.50+0.77 a 1.07+0.02 a
T2 8.59+0.03 be 59.98+0.34 b 18.94+0.18 b 202.07+0.86 b 1.03+£0.02 b
T3 8.61+0.06 abc 59.77+0.50 b 18.74+0.33 b 200.43+0.56 ¢ 1.01+0.03 be
T4 8.62+0.07 abc 58.88+0.53 b 18.33+0.21 ¢ 198.58+0.62 d 0.99+0.01 cd
T5 8.64+0.02 ab 56.31+0.55 ¢ 17.86+0.09 d 195.51+0.58 ¢ 0.96+0.04 de

LW 100 g- L HA-PAM [T A BE AL B 06} -+ 48 4%
FRAGFRAR I 26 R AR P e
2.5 AEIMEARGIBEMEFEE ST

5 Al %0, K ALBR b T1 ALBH P B Sl S
BN B, 4 i 9 591.2 kg - 667 m”
30540 JG - 667 m>.1:11.75; T3 4 ¥ 77 & N

699.5 kg - 667 m”, i 34 U 164.60 JG * 667 m”, %A\
P LA 11317, 12 A0 BEAE AR FF I o 77 e 11 [ B ]
3 PRI A SR IR B B, AR S AR R
AT SR SR AN B I 2 L AT B 58 s T I
K INAERLRAR AR (TS AbHED 381K 24.00 JG+667 m™,
BN H AR 1:0.24.

#5 AEMERLIBHEFHED
Table 5 Economic benefit analysis of different fertilization treatments
e bk BRSSP R =R e s 48 JEEE B A3 i BT
Treétment Aboveground fresh  Yield/ Yield increase/ Income increase/ Increase in fertilizer ~Net revenue increase/  Input-output
mass per plant/g (kg-667m?) (kg-667m?)  (Yuan-667 m”) costs/(Yuan-667 m?) (Yuan-667 m?) ratio
CK 59.12 591.2
Tl 75.69 756.9 165.7 331.40 26 305.40 1:11.75
T2 73.44 734.4 143.2 286.40 39 247.40 1:6.34
T3 69.95 699.5 108.3 216.60 52 164.60 1:3.17
T4 64.95 649.5 58.3 116.60 65 51.60 1:0.79
T5 65.32 653.2 62.0 124.00 100 24.00 1:0.24

3 iS4

AWK 1E H IR HA-PAM R4 AE
EP I AR X IS RAIR RIE S 5T
& AR IR 7 Ml S5 AR A8 2 FALE, i IR g A
FAKRE FRT AT .

AW TR (KR HA-PAM(T1,100 g- L)
PR B XS A S S 3 & R A RR SR A Bl
PRA AN AR B 0, AR FE HA-PAM AR AE XS

&
H
2
H
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A2 S A 3 RRORE IR W B AR TSI T T Ak, i
& B K HA-PAM [ AR IE A )T 2 o AL 2R
Fr SRR AR AL A T A SR H S
WRJE HA-PAM X} SPAD fH IR T RURE AT F %, 5
BV R BB FEARY S AR A K KR
ZE N L W 100 g- L' HA-PAM VR AR A= 35
M b EE R SR KB CK o I R E R
28.03%+37.37% , R &% J1 1 CK 42 /51 42.22% ; Fifi
HA-PAM ¥ 0k FE 1) T+ v, AR AR (R AR R R IE 8 R
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SRR 485 2 AN [ P4 FEE R R P A A - 7RV JIE S A S A 4K e - 3 B A I A 52

X ISR 5T

B, SR H B S RO BE AR o ] T ST S5 YL sk K
S5 S 38 2 B JEE AR IR T AR AR BRI KR R
BEAR R R AE 5 MR 38 S5 B0 AL W S5 T T 3% B
PAM £ R 7 B89 1L A6 T 3 3R 555, Bl 4R R R .
A gE R LR — 3, HA-PAM B i fb 22 A
SCHLJES IR 5 b b T RE Wk ] e Al R )
VR A I LA ER R o (H AR50 = B e A s R
P55 5 DX ) T30 43 SR T ok R R A A TR U HE
SR A58, HEN AT RE A2 AR PRAR T ik
J£ HA-PAM 27 K 55 B AR X i ad , 41K 90 3 70 (2 AE
EH

TE A4 308 3% 5 O 5 05 T, A6 R
100 gL' HA-PAM HJRARIEAL BEZE A 2R C & &IA
39.22 pg-g's ¥ 200 g- L' HA-PAM W44 IE Ak
PRLE Y- FFR b L B T & (69.95 @) M RIS, A iR
A BB CK B3 R 1K 46.53%. PMAEHESED214 kK
DB AE TR v] 3G R M AR U AL RE T, B T 4E4E 3 C A
F5 XNEEERT Xue £8P 9T 3K B JE R IR e 06 1 425 2R
AR O B llg v P, (2 gk 20 3% R AL A AL, 98D RS2
iR h 2.

e PE S A RS S R 7 T, i
100 g-L"' HA-PAM VAR IEALPE IS B8 CK T
B& 3.33%, FLER B 88 CK #2551 4.60 43 55 ,>2 mm.
0.25~2 mm A Ak & b4l 8 CK #2 7 2.60.1.36
By e, LI A A LR A 2R CK 2l B3 4
= 14.48%0.13 H 53 s s fi HA-PAM ¥ A FE T+
e ORGSR R R
192 [ T AR TR B 1K) O 8t s He 25 0ONIE SE S MG -7 7 1
HE 1 RAREE L R E RS A Rt e . T8
IR 5 PAM i B 5 IC 5 43 2 2R A0, T 42 A e vk
HA-PAM 7EJR A JE o A2 € 14 50 o, m) [m) 20 o R 1338
WIEPEIR TG FR o AREE A5 A R A
FLBRE 2 A B3, v Re & Bk 2% 0 T 1438
VB P R BCRA TR

SR K A T T, T ARG Ak A A B 3
WAL, N 100 g- L' HA-PAM VA B AL 38
FE U 305.40 762667 m> N HHIA 101175,
SR R I s 48N 200 g- L' HA-PAM [ 44
JE b B 34 3R 164.60 I+ 667 m”, #E N H LG 1
3.17. BAAHATLAK TN 100 g- L' HA-PAM
(1A A Ak 3, (E AT S 38 A I A 0 I Y TR 2R
B, PR b R

2% F AT , HA-PAM A4 BE @ 1o o R 34 B
SEA ARAUHR RIEZAS L P Ak AR BEAR U, SEl &

B-MA-EKRGER D FRIZE. ZERE,Hm

100 g- L' HA-PAM F A L fie A= el H R R, 42

GRS a B A I 200 g L' HA-PAM IR A AE e

Jog 7 BRI R L R T T AL A W . AT T AT

DR P SE AR ARG e T 5 g A A 0 B R R A
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