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Effects of carbon-based soil conditioners on the growth of lettuce and the

physical and chemical property of soil

DU Xuanyan, JIAKA Latie, XIANG Rui, LIU Qiong, HUANG Yan, LI Xi, XIAO Zan, YANG
Xiaofeng, HU Xiangjun

(Vegetable Research Institute, Panzhihua Academy of Agriculture and Forestry Sciences, Panzhihua 617000, Sichuan, China)
Abstract: Using dolomite, limestone, biochar, and organic fertilizer as raw materials, a 4-factor 3-level orthogonal experi-
ment was conducted. The addition levels of dolomite and limestone were 0, 2.5, and 5.0 g- kg, respectively; the addition
levels of biochar were 0, 10, and 20 g-kg'; and the addition levels of organic fertilizer were 0, 30, and 60 g - kg'. There
were a total of 9 treatments. Through a pot lettuce experiment, the effects of biochar-based soil conditioner on lettuce
growth and soil physicochemical property were investigated. The results showed that after applying biochar-based soil
conditioner with different ratios, the plant height and root length of treatment T2 (dolomite 0 g-kg'+limestone 2.5 g-kg'+
biochar 10 g-kg'+organic fertilizer 30 g-kg')increased by 50.35% and 77.78% compared to the control (CK) (dolomite,
limestone, biochar, organic fertilizer were all 0 g-kg™'). The number of leaves in treatment T3 (dolomite 0 g - kg '+lime-
stone 5 g-kg'+biochar 20 g-kg'+organic fertilizer 60 g-kg')increased by 80.56% compared to CK. The nitrogen content
in leaves in treatment T8 (dolomite 5 g-kg'+limestone 2.5 g kg '+biochar 0 g- kg'+organic fertilizer 60 g-kg')increased
by 26.76% compared to CK. All treatments significantly increased the yield per plant compared to CK, among them, the

yield of treatment T2 was the highest, increase of 591.19%. Regarding the nitrogen, phosphorus and potassium content in
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EE BN ALE L, 5, DO TT O3, B 50 J5 M) N A B 97 % . E-mail : 571396485@qq.com

BIEEE: T REE 55, BIWEFL 0L, B 0 5 1) Dy kL. E-mail : 48211893 @qq.com

<192



5541

FEESE , 55 - e HE S PR A S A K R B VIR ) R

lettuce plant, the T6 treatment(dolomite 2.5 g kg'+limestone 5 g- kg '+biochar 0 g kg'+organic fertilizer 30 g-kg')had
the highest total nitrogen content, which was 15.29% higher than that of CK. The T2 treatment had the highest total potas-
sium content, which was 17.49% higher than that of CK. The T4 treatment had the highest total potassium content, which
was 23.41% higher than that of CK. Compared to CK, treatments T2 to T9 all reduced soil bulk density and increased soil
pH. Except for nitrate nitrogen, the soil organic matter, total nitrogen, ammonium nitrogen, available phosphorus, and
available potassium content in treatments T2 to T9 all increased to varying degrees. Through range analysis, organic fertil-
izer had the greatest impact on lettuce yield per plant, plant nitrogen, phosphorus, and potassium content, soil bulk densi-
ty, total nitrogen, nitrate nitrogen, ammonium nitrogen, available phosphorus, and available potassium content; biochar
had the greatest impact on soil organic matter content; and dolomite had the greatest impact on root length. For different
indicators, the optimal combination of carbon-based soil conditioners varies. In summary, the application of carbon-based
soil conditioner can effectively increase lettuce yield and improve soil physicochemical property. It is recommended to pri-

oritize the carbon-based soil conditioner combination of 0 g- kg™ dolomite, 2.5 g kg" limestone, 10 g- kg biochar, and

X BE R 5T

30 g-kg" organic fertilizer(T2).

Key words: Carbon-based soil conditioner; Lettuce growth; Soil physicochemical property
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1.2 R

R R 4 A, R E s A A A KA
B MR (O HHUED) , AR REE 3 4K
LR 4 R 3 AKCFIER R it , T+ H A
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(K2, NTEEEHFHBEFR G &4

Table 1 Basic properties of raw materials

R wCEALES) wCEEAED wE) w8 w( i) wHH

Raw material type pH CaO content/% MgO content/(g-kg') Cd content/% Cr content/%  As content/(mg-kg")  Pb content/%
B 8.24 <0.01 <0.01 <0.01
Organic fertilizer

A5k Biochar 8.22 0.83 0.13 <0.01 <0.01 <0.01
Mz 41 Dolomite 9.26 52.09 31.43 <0.01 <0.01 0.80 <0.01
fiKAi Limestone ~ 8.85 89.85 0.41 <0.01 <0.01 0.60 <0.01

#2 REIRFEFERREFR

Table 2 Orthogonal experiment scheme of carbon-

based soil conditioners (g-kg"

AL HR Bz FIRA W HHUE
Treatment  Dolomite Limestone  Biochar  Organic fertilizer
T1(CK) 0.0 0.0 0 0

T2 0.0 2.5 10 30

T3 0.0 5.0 20 60

T4 2.5 0.0 10 60

TS 2.5 2.5 20 0

T6 2.5 5.0 0 30

T7 5.0 0.0 20 30

T8 5.0 2.5 0 60

T9 5.0 5.0 10 0

4704 16 em, & 15em), N 4 IREL, B4
P 3 bR A A (AR . PR AR S 1) 2 3
1.5 kg W+ +, LE A E(NIP,0s: K.0=15:15:15)
VERRAE, BN 1 g 8400, 83017 5 Mk
B,

AR B 5 A Ak 3 XA 34— 301 3 AT IR
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Table 3 Effects of different soil conditioner addition treatments on the growth of lettuce

i3 B K A SPAD WD
Treatment Plant height/cm Root length/cm Number of blades Nitrogen content/(mg-g™)
T1(CKD 10.73+4.10 b 6.30+1.08 ¢ 9.00+3.74 ¢ 16.83+4.51 b 7.96+1.43 b
T2 16.13£0.55 a 11.20+0.82 a 15.00+0.82 a 21.5745.66 ab 9.47+1.80 ab
T3 15.43+£0.90 a 7.23+0.75 be 16.25+2.36 a 21.3742.73 ab 9.41+0.87 ab
T4 14.28+1.20 ab 8.43+1.29b 13.75+3.40 ab 18.57£1.12 ab 8.52+0.35 ab
TS 13.88+1.97 ab 6.33+1.59 cd 10.00£1.63 be 16.72+2.18 b 7.93+0.69 b
T6 13.65+1.14 ab 5.50+1.00 cd 14.50+2.89 ab 21.88+1.97 ab 9.57+0.63 ab
T7 13.53+1.82 ab 6.20+0.90 cd 13.00+4.08 abc 19.60+4.01 ab 8.85+1.28 ab
T8 13.10£1.64 ab 5.27+1.04 c¢d 12.50+2.65 abe 23.51+2.20 a 10.09+0.70 a
T9 12.75£3.59 ab 5.13+0.60 d 8.7542.99 ¢ 17.57£2.47 b 8.20+0.79 b

W RS F/NG RS AR BE ] 7E 0.05 KPR 2. .

Note: Different small letters in the same column indicate significant difference among different treatments at 0.05 level. The same below.

T2~T9 AL FE¥ & T T1(CK), T2. T3 A P& & , B
T1 BB EINT 50.35%.43.82% s MRK K E
T2 M EFEm T HMAR, BT FEHMT
77.78% ; MNH Fr BUKE , T2 T3 A BRI Fr B =, B¢
T1 3B B ERIN T 66.67%-80.56% ; -4 R AN XS &
= (SPAD {H) J7 1 , T8 AbFR 7 ff ey, 1 T1 1
T 39.70% : M B & E 7 1, T8 A BE & B i i
BT WEWIMT 26.76%-

TE A 72 43 B AS T R 2 060 A S AR 2R T 5
W, 45 WK 4 Fron. MR ZE R AT A, XA
SR v R 52 ) ER K B /N O A LR > AR k> A 2K
F>H A RS R EH SN ABC.D, ;s %
TARK 2w 1K BN A A = A>EDR>H L

RE>A K A, R AR i AR 4 A AiB.CoDy s Xt
P 501 52 W oK 2N A LR > A = B> F K
AR, W R 2 A S8 ABCD; B
AB;C:Dy; Xf M i SPAD 18 Fll & & & 5 i B K 2
N R WUIES A KA > m>A oA
A8 AB.CiDs; 25 B LUE H % A2 58 1 bk i
P i i 4 3 RE T B R N U R R R K 1 3
A HLHE .
2.2 EIRETIFFEBEFRMAL IR & KB~
E=1:0A

5 W], 8 A0 Rt A A R A ol R A
FH o 35 - 3 B R 3 RE 6% S 3 B I AR SR R R
5 TICCKOMEL , T2 T4 T8 Kb Bk = & 43 7] 5 2

®4 AERERMERREEREMMHRESTER

Table 4 Results of range analysis on the effects of different factors on the agronomic traits of lettuce

7 P =n % ¥ =
A% Factor fij; f’ﬂl:a'?t height/cm E&ojft length/cm Iu\lfu}il%%r of blades SPAD ﬁi(t‘r%c:gﬁen content/(mg-g")
A:AEA K1 14.09 8.24 13.42 19.92 8.95
Dolomite K2 13.93 6.98 12.75 19.06 8.67
K3 13.13 5.53 11.42 20.22 9.05
R 0.97 271 2.00 1.16 0.37
B:AkA K1 12.84 6.98 11.92 18.33 8.44
Limestone K2 14.37 7.60 12.50 20.60 9.16
K3 13.94 6.18 13.17 20.27 9.06
R 1.53 1.42 1.25 227 0.72
C: MR K1 12.49 591 12.00 20.74 9.21
Biochar K2 14.38 8.26 12.50 19.24 8.73
K3 14.28 6.59 13.08 19.23 8.73
R 1.89 234 1.08 1.51 0.48
D: HHLAL K1 12.45 5.92 9.25 17.04 8.03
Organic K2 14.43 7.86 14.17 21.02 9.30
fertilizer
K3 14.27 6.98 14.17 21.15 9.34
R 1.98 1.93 4.92 411 1.30

VE:K1.K2.K3 435 KT 1,233 F93ME R Wil . FHE.

Note:K1, K2, and K3 represent the mean values of each factor at levels 1, 2, and 3, respectively. R denotes the range. The same below.
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Table 5 Effects of different soil conditioner addition

treatments on the yield per plant of lettuce

JOS] Rk (go bk bt CK+
Treatment  Yield per plant/(g-plant')  More than CK+/%
T1(CK) 10.28+1.30 f

T2 71.08+1.25a 591.19
T3 40.93+1.03 be 298.06
T4 44.84+431b 336.01
TS 20.39+1.53 de 98.31
T6 39.48+3.91 ¢ 283.92
T7 23.26+£2.54d 126.22
T8 45.59+2.56 b 343.37
T9 18.29+3.00 ¢ 77.86

HINT 591.19%-336.01%+343.37%; T2 AbH FLpk =
i, N 71.08 go

T8 Ik A 22 0 W AS [R) R 3850 A R B P R T R
M, 25 RWE 6 . WL ZE R G5, X A4
S HLPR P R 52 e el OK B S A LR > A K A >
EWR>A s A, SRR EREESRAHES N
AB,C.D;.

23 FRXRELZFREFFIMOCEERZFSTE
=1:0p- A0

FH% 7 FTAN, Bk TO ALFRAN , AR e 5 - 1 2
FAL PR IS Re b 3G N A S 5% 4 5 B, T2~T9 AbBRAEHE
EREER TICK B EHIN T 2.51%~15.29%, 3
HT6. T8 AL FRIG I, 538 15.29%14.58%
T2~T9 Kb BEAE PR 4 6 & B8 T1 30 17 1.79% ~
17.49%, T2 kPR & B fr, N 2.62 g kg, & & T
T1; T2~T9 4b # fE # & 8 & & &% T1 # n
1-1.09%~23.41%,T4.T6. T8 AHLE 2w T HARALHE,

IR ZE A BT AN R DR R AR SR 45 9% 4 B 5
Wi, 45 RAaNK 8 From. MRIBWMZE R AH , XA SR MK
A S BRSO BN A MRS A KA > >
Hzf, RS E S & m R E N AB.CiDy; X
AR SEAE R A 2 B s e H K 30/ A HLAE> 2R 4
>SHRA>Ac A, W ElEERSAdE RN
ABCoDy s X A2 SRR R A S K BN
NUIE> B = A> A KA >k, TR A & B i
HAEN ABCDso K AESEFE 43 R M B K 1A

%6

different factors on the yield per plant of lettuce (g-plant')

ENGESEFS ek 7 T

Table 6 Results of range analysis on the effects of

EZMAIRE HTER AHLIE- " . . -
24 AERELIFFEFRMCIEST TIBSEM
2

Wt mren ks oo DAWE RIS LRI, 6% L
Level Dolomite ~ Limestone  Biochar fer%ilizer B — MO B AE , AF] T 7K 3 3B E FAEYIAR = 11
< 2076 2613 3179 632 ARG ER EEWEBCA G, A TRAREK
K2 34.90 45.69 44.73 44.61 AR AKORAE . FHIE 1 AT %0, T1(CKO Ab B+ 458 75 H
K3 29.05 32.90 28.20 43.79 B, N 1.54 g-om?, B3 T HANAL I, T7 Ab3
R 11.72 19.56 16.54 28.28 1%, N 1.25 g-cm™
Fz7 FARTFFEFRMAOENE TS EEMEIT
Table 7 Effects of different soil conditioner addition treatments on the nutrient content of lettuce
s w(é':f\) e & w4 e CK+ w45 ' e CKe
Treatment Total nitrogen More than CK+/% Total phosphorus More than CK+/% Total potassium More than CK+/%
content/(g-kg") content/(g-kg") content/(g-kg")
T1(CK) 28.25+0.11 ¢ 2.234+0.04 d 47.84+0.26 ¢
T2 31.11+0.08 b 10.12 2.62+0.02 a 17.49 54.75+0.45 be +14.44
T3 30.30+0.09 ¢ 7.26 2.28+0.04 bed 2.24 54.31+£0.12 ¢ +13.52
T4 29.11+0.08 d 3.04 2.35+0.01 b 5.38 59.04+0.57 a +23.41
TS 29.30+0.21 d 3.72 2.2740.02 cd 1.79 53.484+0.33 d +11.79
T6 32.57+0.14 a 15.29 2.3340.04 be 4.48 58.69+0.24 a +22.68
T7 30.39+0.16 ¢ 7.58 2.28+0.03 bed 2.24 54.97+0.22 b +14.90
T8 32.37+0.52 a 14.58 2.33+0.02 be 4.48 58.86+0.08 a +23.04
T9 28.96+0.20 d 2.51 2.28+0.07 c¢d 2.24 47.32+0.33 ¢ -1.09

1o A 22 7 A AN ] PR 2 0 3 B AR R, 45
RUNEK 9 Prox. WRIEHRZE R B F01, 0 LA EY
i K BN A HUES L R= K> =47,
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Table 8 Results of range analysis on the effects of
different factors on the nutrient content of lettuce

(g-kg"
w2 %) w( AT w4
= K Total Total Total
Factor Level nitrogen phosphorus potassium
content content content
AHBA K1 29.89 2.38 52.30
Dolomite K2 30.33 232 57.07
K3 30.57 2.30 53.72
R 0.69 0.08 4.77
B: i KA K1 29.25 2.29 53.95
Limestone K2 30.93 241 55.70
K3 30.61 2.30 53.44
R 1.68 0.12 2.26
C:EMx K1 31.06 2.30 55.13
Biochar K2 29.73 242 53.70
K3 30.00 2.28 54.25
R 1.34 0.14 1.43
D: AL K1 28.84 2.26 49.55
Organic K2 31.36 241 56.14
fertilizer K3 30.59 2.32 57.40
R 2.52 0.15 7.86
1.8
o L6 r ; ¢ bc be E E be
g 1.4 t — MM M i d ]
- %‘j 1.2
w10
® 5
H E 0.8
Z 06
S 04
02
0.0 L L L L L L L L )
TICCK)T2 T3 T4 T5 T6 T7 T8 T9
Ab P
Treatment
B 1 AR A B
Fig. 1 Effects of different soil conditioner addition
treatments on soil bulk density
x9 FRERWLEASEZMWVIRESTER
Table 9 Results of range analysis on the effects of
different factors on soil bulk density  (g-cm™)
KV AAZAT BAKA CAEMIR DAL
Level Dolomite Limestone  Biochar Organic fertilizer
K1 1.44 1.40 1.44 1.48
K2 1.40 1.44 1.40 1.31
K3 1.39 1.38 1.38 1.44
R 0.05 0.06 0.06 0.17

P 3 pH, Hoh T3.T4.T7 AL B 48 hn 2 1
BCUF o I AR ZE 43 BT AN TR PR 20 12358 pH [ 5,
ZERNER 10 Fron . RGN 2 R MH T %0, X 13 pH
PEFF R R BN A LT >V 3R> E = > K
£1,pH B KL E N ABiCsDso

9 7 cd i ab d d ab b c
8 t = 1 A M@ MM
€
7 F =
6 -
T
(=7 5
4 -
3 L
2 -
1 -
0 1 1 1 1 1 1 1 1 )
TICCK)T2 T3 T4 S T6 T7 T8 T9
oS
Treatment
2 AREILIFEFIEF AR MALIEXT L] pH BUF2 00
Fig. 2 Effects of different soil conditioner addition
treatments on soil pH
& 10 AREIEEXLTIR pH #IMIRE D TER
Table 10 Results of range analysis on the effects of
different factors on soil pH
KF AAmA BAKA CAEVIRK D:ANUE
Level  Dolomite Limestone  Biochar Organic fertilizer
K1 7.80 7.83 7.75 7.72
K2 8.11 8.12 8.17 8.13
K3 8.22 8.17 8.21 8.27
R 0.42 0.34 0.45 0.55

2.6 AEIRELTFFIEFRMCIES TIBBHLER
MFEDESEMF

B 11 740, 5 TICCKO M L, T2~T9 4b 3 1
BOANR S &R E N, MIEN 12.57%~
176.56% , Ho it T3.T5.T7 AL FE IR i 7 ; 5 Tl
AL, T2~T9 Ak P 38 4 R & &3 48, 34 05 R
2.67%~104% , Hp DL T3 Mo H & B M, N
1.53% ;T8 b P LM A A & & W&\ T H Al
G, TS P A BN 644 mg- kg, BE KT
T1; 5 T1 M, T2~T9 B i SR S EHA
Frdgm, Horb T3 Ab B d &, 8 13.61 mg - kg, &
EZE T HADA R 5 T1 M H, T2~T9 AP 34
MBS REHEENN, B LAESERS, N
36.20 mg-kg's 5 T1 ML, T2~T9 4b B 4 338 3 3%
PR E R RN, T3 M T4 S EE &, 4
N 666.67.665.00 mg - kg'.
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Table 11 Effects of different soil conditioner addition treatments on soil organic matter and nutrient content

o WCE LD WA WOl A wOBE A WO ) wCH D
Treatment Organic matter Total nitrogen Nitrate nitrogen Ammonium nitrogen  Available phosphorus Available potassium
content/(g-kg™) content/% content/(mg-kg')  content/(mg-kg™) content/(mg-kg™") content/(mg-kg™)

T1(CK) 12.97£0.31 ¢ 0.75+£0.02 ¢ 9.80+0.26 d 3.15+£0.06 d 4.60+0.62 f 314.67+7.37 f

T2 32.50<1.01 ab 1.3240.01 b 9.84+0.68 d 3.16£0.04 d 20.73+1.46 ¢ 544.67+14.84 ¢

T3 35.87+0.40 a 1.53+0.01 a 14.18+0.66 ¢ 13.61£0.76 a 36.201.77 a 666.67+23.03 a

T4 26.43+£0.42b 1.31+0.02 b 17.75+0.60 b 10.39£0.29 b 25.17£1.72b 665.00+12.12 a

T5 33.17£0.15a 0.92+0.01 d 6.44+0.30 ¢ 4.52+0.68 d 8.57+1.60 ¢ 432.67£10.41 d

T6 14.60+0.20 d 1.13£0.02 ¢ 9.40+0.42 d 10.32+0.40 b 11.87+1.89d 455.67+23.50 d

T7 3437031 a 1.30£0.02 b 15.51£0.28 ¢ 7.51£0.33 ¢ 18.63£1.20 cd 636.67+5.69 b

T8 18.03£0.51 ¢ 1.2940.01 b 24.13£0.34 a 3.9140.57d 18.23£0.67 d 568.67+15.53 ¢

T9 18.20+0.82 ¢ 0.77+0.02 ¢ 10.72+0.49 d 3.54+0.42 d 7.07£0.29 ¢ 352.67+10.50 ¢

it 3o A 72 73 M A [R] R 300 A HLBURT IR 2
SRR, SRR 12 iR, WRIEHRLZE R E AT
K, 0k A B & R R BN N Y R >
BUE>A KA > A s f, HEA PR & R A

AN AB.CDys X AR IS BB S A A R
Tl o B B e e K BN A AU, & R
(1) 40 & %0 B~ AB.,CDs. AB,CD;. AB,CiD;.
AB,C:D; . AsB,C:D; .
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Table 12 Results of range analysis on the effects of different factors on soil organic matter and nutrient content

W% KT w(ﬁﬂfﬁ) w(ﬁtfi) w(ﬁ%ﬁ’fh) w(%fz%&’:f\) . w(ﬁ’i‘&ﬁ?’i) w(i@ﬂ(%ﬁﬂ .
Factor Level Organic matter ~ Total nitrogen Nitrate nitrogen Ammonium nitrogen  Available phosphorus  Available potassium
content/(g-kg') content/% content/(mg-kg"')  content/(mg-kg™) content/(mg-kg™") content/(mg-kg™)
A:HEf K1 27.11 1.20 11.27 1.20 20.51 508.67
Dolomite K2 2473 L.12 11.20 112 15.20 517.78
K3 23.53 1.12 16.79 1.12 14.64 519.34
R 3.58 0.08 5.51 0.08 5.87 10.67
B: A1 KA K1 24.59 1.12 14.35 1.12 16.13 538.78
Limestone K2 27.90 1.18 13.47 1.18 15.84 515.34
K3 22.89 1.14 11.43 1.14 18.38 491.67
R 5.01 0.06 2.92 0.06 2.54 47.11
C:AEME Kl 15.20 1.06 14.44 1.06 11.57 446.34
Biochar K2 25.71 1.13 12.77 1.13 17.66 520.78
K3 34.47 1.25 12.04 1.25 21.13 578.67
R 8.76 0.19 2.40 0.19 9.57 132.33
D: AL K1 21.45 0.81 8.99 0.81 6.75 366.67
Organic K2 27.16 1.25 11.58 1.25 17.08 545.67
fertilizer (3 678 1.38 18.69 1.38 26.53 633.45
R 5.71 0.56 9.70 0.56 19.79 266.78
3 5@ WAL, 3X 51T NHIBE T — 3. Ml S S5 R
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