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Effects of different improvement measures on yield, quality of lettuce

and physicochemical property of soil

CHEN Junchao', ZHANG Lingyu', ZHANG Cuiying’, ZHANG Shuming’, LI Hejing’, HAN Ji¢’,
ZHANG Jianheng', CUI Jianghui'

(1. Hebei Agricultural University, Baoding 071000, Hebei, China; 2. Luannan Agriculture and Rural Affairs Bureau, Luannan 063500,
Hebei, China; 3. Tangshan Cultivated Land Quality Protection Center, Tangshan 063000, Hebei, China)

Abstract: To investigate the effects of different improvement measures on lettuce cultivation in secondary salinized soil,
the author surveyed five treatments: Conventional fertilization (T1), T1+soil conditioner (T2), T1+functional fertilizer
(T3), Tl+microalgae fertilizer (T4), and T1+biochar fertilizer (T5). The study examined their impact on lettuce yield,
quality, soil physicochemical properties, and microbial diversity. The results showed that the T2 treatment achieved the
highest yield and vitamin C content, significantly increasing by 10.69% and 31.46%, respectively, compared to the T1
treatment. The TS5 treatment resulted in the tallest plant height, significantly increasing by 9.56% compared to T1. In
the 0-20 c¢m soil layer, compared with T1, the other four treatments exhibited a decreasing trend in soil pH and significantly
increased soil nutrient content. Among salt ions, SO, was the dominant anion, and Ca® was the dominant cation. The T2,
T3, and T4 treatments increased the relative abundance of bacterial communities such as Gemmatimonadota, Planctomy-
cetota, Patescibacteria, Bacteroidota, Actinobacteriota, and Proteobacteria, with T2 and T3 showing the most significant
effects. The T2 treatment significantly increased soil bacterial count, organic matter content, and available phosphorus
content. A comprehensive evaluation of yield, quality, soil physicochemical properties, and microbial diversity using the

membership function method revealed that the T2 treatment had the highest comprehensive score. In conclusion, applying
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soil conditioner is an effective measure to ensure high yield and quality of lettuce in secondary salinized soil and maintain

soil health in vegetable fields, making it suitable for local.

Key words: Lettuce; Yield; Quality; Soil property; Bacterial diversity; Membership function
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Table 1 Base fertilizer application amount for
different treatments

e SEE REEEA DiEIE BRI .

Compound Soil Functional Microalgal _
Treat- . . . . Biochar/
fertilizer/  conditioner/ fertilizer/ fertilizer/ .
ment R 5 _Z L. (kg-hm™)
(kg-hm®) (kg-hm®)  (kg-hm®) (mL-hm?®)

T1(CK) 360

T2 360 3000

T3 360 1125

T4 360 7500

TS5 360 1800
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Table 2 Effects of different treatments on physicochemical property of soil
wCHHLED — w2 wOE D w R wC K EMEERD
AbEE Organic W<%§F) Available Available Slowly available  Total water-
Treatment pH matter content/ Total mtrogenr phosphorus potassium potassium soluble salt
(g-kg" content/(g kg™ content/(mg-kg')  content/(mg-kg') content/(mg-kg') content/%
T1(CK) 7.63£0.02a  13.09+0.06 ¢ 1.23+£0.01 b 102.40+1.15 ¢ 132.67+2.08 a 666.67+4.16 ¢ 1.91+0.01 a
T2 7.50+0.01b  14.28+0.20 a 1.23+0.01 b 105.30+0.75 a 134.33+1.53 a 677.67+2.52 b 1.82+0.01 a
T3 7.49+0.01b  13.24+0.06 ¢ 1.2840.01 a 104.40+0.82 ab 134.00+3.61 a 689.33+8.08 a 1.84+0.01 a
T4 7.50+0.01b  13.20+0.02 ¢ 1.2440.01 b 103.10+0.89 be 133.00+2.65 a 682.33+2.52ab  1.83+0.01 a
T5 7.49+0.01b  14.01+0.01 b 1.2240.01 b 102.77+0.40 ¢ 131.67+1.53 a 674.00+3.61 bc  1.84+0.01 a
s F A [F)/NG = RER R % Ab 3 ) 22 53t 4 3 (P<0.05) . ).
Note: Different small letters in the same column indicate significant difference among treatments(P<0.05). The same below.
®x3 FRALETHLRBE/\XSTFIE
Table 3 Content of eight major base ions in soil under different treatments (mg-kg")

Ab .
Treatment w(HCO;) w(CD) w(K") w(Na") w(SOs) w(Ca™) w(Mg™) w(COs)
TI(CK)  5.51+0.05b 12434098 a 37.83+1.19¢ 67.26+1.01a 75.594£3.22a 258.43+8.94 cd 32.53£2.78 a 0.00+0.00 a
T2 4.84+0.26 ¢ 1241£1.71a 45.76+0.79 a 58.07+0.43b  73.73+0.83a  252.83+6.34d 21.47£091b 0.00+0.00 a
T3 4.95+0.08 ¢ 9.25+0.37b  36.60+0.99 cd  55.69+0.66 ¢  65.18+1.81 ¢ 274.10+17.29 ¢ 31.47£0.95a 0.00+0.00 a
T4 6.92+0.12 a 5.55+0.50 ¢ 41.3240.95b 52.87+0.49d  64.14£0.32 ¢  374.10+10.88 a 15.37£5.05 ¢ 0.00+0.00 a
T5 5.83+0.10 b 6.82+0.32 ¢ 35.85+0.35d 52.81+0.58 d  68.78+1.39b  301.98+2.07 b 27.70+£3.01 a 0.00+0.00 a

CI>HCO,>CO; , [ COs* 4, A [A] A FE fty oA 28 1
TEYWAEREER, b T2 A T3 B
HCO; ##5AK, T4 A H i =, 8 T1 AL B 3w
25.59%: T1 AL BRAY CI &% & B =i, T4 AL BB AIC, 8
T1 AbHE 535 BRAR 55.35% ; T2 bR K& i i
BT AT E IR 20.96%: T1 ALF ) Na' & & &
Fm T HAD AR, TS B HAR, 55 T1 AbHE R 25 1%
ik 21.48%; T1 AL HE 1) SO & & #x f7y , T2~TS A2
5 T1 AL FRAR L, 73 5 PR A 2.46%13.77% 15.15%

F19.05% ;T4 ZbFRI Ca™ & & e, 18 T1 A B 3%
FEE 44.76% ; T1 ALHL ) Mg> & i i, T4 A HE 15
i, 5 T1 ALEE B BFIK 52.75%

22 AEHRIEHXT T IEH A IR0

221 EHEHEBPHMAEMSHERIEH >N BT
Uparse XA PCET A1 I FRALE , ¥ KT 97% B4k
(1 % 51 58 AR (1 OTUs. 1% 4 740, 3
VIBEVE RN 98%. JHIT Sobs %L Ace 1RELAN
Chaol &7 &1, T2 T3.T4.T5 &L H M Fh £ 5 1

x4 AELETHLRMEDEE o ZHMER

Table 4  Soil microbial community a-diversity index under different treatments

JOpi: Shannon F§%¢ Simpson F§%X Sobs FE%L Ace 831 Chaol 8% Ha
Treatment Shannon index Simpson index Sobs index Ace index Chaol index Coverage rate/%
T1(CKD 5.99+0.22 a 0.10+0.00 a 2 526.67£187.02 ¢ 3211.27+174.01 ¢ 3039.65£117.21b 98 a

T2 6.12+0.10 a 0.10+0.00 a 2 783.67+£58.69 a 3409.36+40.72 a 3121.21£34.05a 98 a

T3 6.10+0.26 a 0.10+0.00 a 2 679.67+279.59 b 3300.08+217.32 b 3181.04+£10.93 a 98 a

T4 6.08+0.04 a 0.10+0.00 a 2599.67+105.72 ¢ 3294.96+419.35 b 3105.03+£221.32 a 98 a

TS 6.08+0.06 a 0.10+0.00 a 2592.67+537.79d 3243.82+56.58 ¢ 3085.05£297.21 a 98 a

WEET T1 A, )& BRAK RN T2>T3>T4>
TS>TL, Uil T2 B ER S HEPHEFEEE,
AL F[A] 1Y) Shannon 45 #( AT Simpson 45 # 7 7 A
e

222 @mAHEEARSH B 1K, ARSI
G0 B4 TE BEY% OTUs SN 2059 N 1-A) , &4k

HRFAE 1) OTUs & 43718 489.779.732.664.654
A Tk B it A 5] R S OIS - 9 4 1 v R AR T
REB.

FETTIKE R AN [F) AR A 3 B I R B 1)
N JEEE B ] (Firmicutes) 19.88%~30.32% , 4R J&5 1K
NI 1] (Actinobacteriota) 11.22%~22.99% . 4425
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Note: A. Venn diagram of OTU numbers under different treatments; B. Relative abundance of the top 10 taxa at the phylum level.
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Fig. 1 Changes of soil bacterial community diversity under different treatments
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Fig. 2 Redundancy analysis(RDA)and correlation analysis of partial environmental factors and major bacterial

communities under different treatments
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Fig. 3 Changes in yield and quality of greenhouse lettuce under different treatments
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Table 5 Comparison of multi-indicator membership function value under different treatments
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