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Effects of supplement of lime in acidic red soil on the
sweet maize seedling growth, nutrient accumulation,
and soil physi-chemical properties

ZHANG Siwen', CHEN Xiaohui' , CAl Yuanyang®, JI Zongjun', CHEN Yuan',
ZHU Qichao®, YU Wenhui®, ZHANG Fusuo®, WU Liangquan'"
(1. International Magnesium Institute/College of Resources and Environmental Sciences,
Fujian Agriculture and Forestry University, Fuzhou 350002, China;
2. College of Plant Sciences, Jilin University, Changchun 130062, China;

3. College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract In order to explore the suitable lime application amount for sweet maize (Zea may L. saccharatat) planting
in acidic soil, a typical strong acidic red soil (pH=23.91) in Pinghe County was taken as study object and sweet maize
variety ‘Xiantian 5’ was selected for the test. Pot experiments were conducted to study the effects of different lime
(CaCO0;) application rates (0 g/kg (L0), 1.2 g/kg (L1.2), 2.4 g/kg (L2.4), 3.6 g/kg (L3.6) and 4.8 g/kg (L4.8))
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on the biomass, root growth, nutrient accumulations of sweet maize seedlings, and the physical and chemical
properties and enzyme activities of soil. The results showed that: 1) The plant height, total biomass (shoot + root),
total root length, root surface area, root volume, root activity and nutrients (nitrogen, phosphorus, potassium. calcium
and magnesium, i.e., N, P, K, Ca and Mg, respectively) accumulation (shoot + root) firstly increased and then
decreased with lime addition, reaching the peak under the L2. 4 treatment. 2) Compared with LO, the average
accumulations of N, P, K, Ca and Mg in shoots and roots under L2.4 were significantly increased by 121.9% and
186.7 % , respectively. 3) With the increase of lime application rate, the pH, exchangeable Ca concentration, and the
activities of urease, sucrase and catalase in soil increased. Meanwhile the exchangeable acid and aluminum
concentration in soil decreased and the inorganic N, rapidly available K, available P, exchangeable Mg concentration
and acid P activity increased first and then decreased. 4) The nutrient accumulations of sweet maize seedlings was
directly or indirectly affected by lime application, soil pH, soil enzyme activity, soil nutrient and plant root. The order of
standardized total effects was soil pH (0.82) >>plant root (0.65) >>lime application (0.61) >>soil nutrient (0.33) > soil
enzyme activity (0.28). In summary, the reasonable application of lime can effectively improve the physical and

chemical properties and enzyme activity of acidic red soil, thereby promoting root growth and nutrient accumulation of

2022 4F 55 27 %

sweet maize.
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B FIE/NREE (24, 34° N, 117, 31° E) . iZ 1 X )&
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PR T4, AT PR WL 1, B E oK
SRR NS 5 5 (Zea mays L. saccharata) s £1 JK
R RS (A8 = R Ak 2 3 0 A R A |, 95 00 k2
ali, Ky,
1.2 KA *E

2 RS A T E AT o K 1

FRPE R B CH AR pH=6. 0) AY & B A K34, 4R
JE HE e i 5 AN A K B R, MRk 0 g/kg (LO,
CK).1.2 g/kg (1.1.2).2. 4 g/kg(L.2. 4).3. 6 g/kg
(L3.6)F1 4.8 g/kg(L4.8), W 1.2 kg ik 3 5
AREIHAENAKIES G2 A 20 emX 16 cm X 20 cm
CE B X B2 X B 1 980k 28 75 J5 10 6 KR
B, PRI, EB FOKUMRFF LS KRN
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Table 1 Physical and chemical properties of the test soil

S pH HHLE/ AR/ H AR/ B/ AL/ A8 ¥ 1 A / A PR/

p

Soil bl (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
1
onp SOM NH; -N NO; -N Avai. P R-Avai. K Ex. Ca Ex. Mg
3.91 11.62 80. 31 87.89 130.93 97.92 423. 42 81.96

S (NHT -N) S A (NOs -N) A & R BB + /e, TR

Note: Fresh soil samples are used for determination of the concentrations of NH; -N and NO3;-N. The same below.
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2 HRE5SMH
2,1 AFEAARBAEMBERGEHEDEN
A1)

R 1 - S it FH AN ] FH 2 08 A R R 6 K 4 i R 34
AR (E D, 256K 1 2 a0, ik & it A
IR AR B R &Iy A K, b it FH 00 2 0 4 A K A=
K, YAKHEN 2.4 g/kg BF(L2. 4), EXRLH 1

MR AWt SR G EE s B K AEL, 43518 59. 68 cm,
9.71 g/BkM 0. 23, MK FZHE. DTtk YR
IR 56 LY Bt A0 K 1) 184 o i 485 s w8 1 32 o ) 2
T S 5 7 A 9 B SO I O
A, L1, 2,12, 4. 1.3, 6 Fl L4, 8 ZbBH %) T K41
S (B ED 43 R 37, 30,51, 8%0.35. 9%
A 17. 1% 5 AR 5k BT i e ) 2 4R 35, 300 (L2, 4)
5 E AL 23.5% (L4, 8)

LO.L1.2.1.2.4,13. 6 #l L4. 8 20 5ACK AT KA HEN 0,1, 2,2.4.3.6 fl 4.8 g/kg.
L0, L.1.2, L.2. 4, L3.6 and 4. 8 represent the lime (CaCQ3) application amounts of 0, 1.2, 2.4, 3.6 and 4. 8 g/kg, respectively.
1 AEAAKAEXNHERDHERKNZIN

Fig. 1 Effects of lime rates on growth of sweet maize seedlings

R2 TRARAENHERNERSHNEYE(BENTE)HZIT

Table 2 Effects of lime rates on biomass (fresh weight and dry weight) of sweet maize seedlings

b B M /em
Plant height

o A/ g/ B

Treatment Shoot weight

W/ e/ #R
Root weight

SAYE/ (g/H)

Total biomass

I b

Root to shoot ratio

Lo 47.24 ¢ 5.48(1.15) d 0.92(0.17) ¢ 6.40(1.33) d 0.17 b
L1.2 53.72 b 7.42(1.56) b 1.36€0.26) b 8.79(1.82) b 0.18 b
[.2.4 59.68 a 7.88(1.66) a 1.83(0.35) a 9.71(2.00) a 0.23 a
L3.6 58.88 a 7.31(1.540) b 1.39(0.26) b 8.70(1.80) b 0.19 ab
L4.8 36.98 d 6.62(1.39) ¢ 0.88(0.17) ¢ 7.49(1.56) ¢ 0.13 ¢

T 465 R oK &l v 5 5 [7) 81 B I S ) /5 5 8 3 7S A [l b ) 22 52 4 2% (P<<0. 05) . Rl

Note: Values in parentheses are the dry weights of sweet maize seedlings. Different lowercase letters within the same column

indicate significant differences among different lime application amounts (P<C0. 05). The same below.
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Table 3 Effects of lime application rates on root morphological index of maize seedlings
Ak B B/ Cem/ ) FEER/ (em® /) HARFEL/ Cem® /BR)
Treatment Total root length Root surface area Root volume
Lo 237.31 e 11.20d 0.46 e
L1.2 561.15 ¢ 29.38 b 0.87 ¢
1L2.4 1028.53 a 41.41 a 1.30 a
[.3.6 654.76 b 29.42 b 1.03 b
L4.8 406. 22 d 21.91 ¢ 0.85d
400 ¢ A a 12 500

e ] =

Z  300f 2000 32

Sz EE

BE 11500 < g

== S

@gZ%- Qg

3 1000 22 %

e &= M £

= lof © ] g

|__| 500 =

0
LO L1.2 L2.4 L3.6 L4.8
AbFf Treatment

== HWA % JJ Root activity

=i 3 AL U Rool Al concentralion

FEFE AT & b AR [/ 5 B 43 550 3 75 AN [ A e Ak 38 i 22 57t i 3 (P<C0. 05)

Different lowercase letters on column and broken line indicate significant differences among different lime treatments (P<C0. 05).

B 2

AEARAEBLEMNHERYERRFANBRENZ N

Fig. 2 Effects of lime application rates on root activity and aluminum concentration of maize seedlings

B O RN 2.4 g/kg I, #5535 5
K 3), SAEA K (L)AL B H L L2, 4 4b B
(s b &6 NLP.K,Ca Al Mg 220 51 8 235 48 5
109.9%6.103. 7% ,101. 1% ,181. 8% Fl 112. 924 ;IR &
N.P.K,Ca fl Mg 2 B & 4 5l 2 35 $2 5 129. 6% .
136.7%.140.3%.294. 5% Fl 222. 1% . A KH &
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A
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L @a&AN [ (b) B P
¥E
R
£z
g Z
Bk =
i E
0 L12 124 136 148 0 L12 124 136 148 0 L12 124 136 148
M ) 5 ca or (e) BE Mg
12+
10 +
8 L

Fr5r BR (mg/BR)

Nutrient accumulations

LO L1.2 124 136 148 LO L1.2 124 136 148
Kb T4 Treament
O #l_[-F Shoot parl B 4R % Rool par

FEIE B 05 A0 B A0 T 5 R R/ G S B 43 3 08 B K 4 i B 37 43 Gt B3R+ AR F0 i BB AR R 5% 4> RRARR
b # W) 22 5 .35 (P<<0. 05)
Different lowercase letters above the column, right upper and right lower indicate significant differences (P<C0. 05)
total, shoot and root nutrient accumulation of sweet maize seedlings among different treatments, respectively.
B3 AEAKAELENMERSHE B F ESNERRNE N

Fig. 3 Effects of lime rates on nitrogen, phosphorus, potassium,

calcium and magnesium accumulation of maize seedlings

x4 TRAKRAENBEIETEELERNZIE

Table 4 Effects of different lime application rates on soil physical and chemical properties of acidic red soil

+ e B KitIwE /(mg/kg) gt R/ (mg/ke)
Soil acidity Macroelement Midelement
Qb 3
SEAERR ) ACHAEAR/ LA - \ e
Treatment o HAERE AR SRR otk
pH (emol/kg)  (cmol/kg) Inorganic nitrogen
) Ava. P Ava. K Ex. Ca Ex. Mg
Ex. acid Ex. Al NH, " -N NO, -N
L0 3.91 e 8.13 a 7.45 a 73.3 a 92.5 e 131.7d 99.9 b 413.9 e 83.2 ¢
L1.2 5.05d 3.98 b 3.50 b 42.0 b 165.1d 151.5 ¢ 103.1 b 829.5 d 86.1b
1L2.4 6.02 ¢ 1.19 ¢ 0.94 ¢ 26.1 ¢ 202.6 ¢ 160.7 b 115.7 a 1228.9 ¢ 93.6 a
1L3.6 6.59 b 0.13d — 10.5 d 239.5 a 172.9 a 116.6 a 1597.9b 92.6 a
4.8 7.35a — — 8.9 d 214.4 ¢ 148.9 ¢ 103.1b 2103.3 a 84. 2 be

T AT B S A /NG 7 B 3878 AN [) 4k B i 22 57 1 25 (P<<0. 05)

Note: Different lowercase letters within same raw indicate significant differences among different treatments (P<C0. 05).

SERRW A P AT DL i s - HE pH L RS 4B 3R oy BB, S e R H 4 i o 0. 82 Al
TPE L HEIR Y AR R R R B R L B IR A B 0,28, MRS HERS EXRMGW RS BRAEH
LI R BT 0. 84 Fl—0. 23, BRI RECK AR IER, R ESr B 0. 65 1 0. 33, TSRS
0.61(% 6), +HE pH M+ HEFGIGME R 52 0 £k Ho st 3% 0 R B 3552 ) .
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x5 FEAKRAEXNRMEIETHEETENE

Table 5 Effects of different lime application rates on soil enzyme

activity of acidic red soil mg/(g * h)
b 7 b it TR il T P T T i i S AL S
Treatment Urease Sucrase Acid phosphatase Catalase
LO 0.13 e 12. 14 e 2.05d 0.83 e
L1.2 0.22d 18.38 d 2.89 ¢ 1.09 d
1.2.4 0.34 ¢ 37.41 ¢ 3.64 b 1.66 ¢
1.3.6 0.45 b 51.63 b 4.18 a 2.08 b
1.4.8 0.51 a 57.79 a 3.68 b 2.76 a
ARt
0.93*
//
r’=087 ! =051
+-4pH 073" ¢ 027 . B
122097 0.86 (N.P.K.Ca ,Mg)
P iﬁ%ﬁﬁ?ﬁg
*k * , (ﬂhzﬁ \):'ﬁé‘ = *
0.95 -0.36// AR RR ) -0.35
7/
r?=023 7 | 72=0.14
A 033" L4
(R 1 AR IC) eI LA
0.65™
r?=0.94
57 B
(N.P.K.Ca.Mg)

2*/DF=2.026, P=0.108, AIC=56.076, GF1=0.945, NFI=0.987

SRR B IEAN G, MR 2 R 3 SO OC , K 2k 378 T W 25 A OG5 MR I M Sl IR e R I | IR Yl 1R A 10
FRAE 1. SR TOHLA AR R S B PR R A RS 1L AR R O AR IS D AR E RS 1L SR S
LU A B B B 0 ) S LB 2 ) 1L 3R R BB R S AEE B E A 15« P RAR B ILAR
BRAFTE 0 35 IEAH M (P<20. 05) 5™ s 7378 P IS AR A7 15 A 18 3 TEAH Sk (P<<0. 01)

The solid line, dashed line and gray line show significant positive correlation, negative correlation and no
significant correlation, respectively. Soil enzyme activity is the principal component 1 (PC1) of urease, sucrase and
acid phosphatase; Soil nutrient is the PC1 of inorganic N, available P, available K, exchangeable Ca and Mg. Root
is the PC1 of root activity and total root length. Soil nutrient ratio is the PC1 of soil N, P, K and Mg ratio to Ca.
* indicates that there is a significant positive correlation between the two indicators (P<C0.05) and ** indicates
that the two indicators have a very significant positive correlation (P<Z0.01).

B4 AREAITEREASENFIRREREIXRNEHNTEER
Fig. 4 Structural equation model (SEM) of the causal relationship among lime

application, soil, root and nutrient accumulation to nutrient accumulation

F6 EXMERMNERGEFRSERHEMERY

Table 6 Total effects for each variable in relation to nutrient accumulation of maize seedling

% 14 pH LisER A Kt + 155 + HERG T M
Factor Soil pH Root Lime application Soil nutrients Soil enzyme activity
b8 AL 0.82 0. 65 0.61 0.33 0.28

Total effect
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FHA I AT LASE e 4 38 pH A - 598 il 3 1 1 1T 5 i) 4+
SR IP A 5 2 E (8 O, A K& A
T 1.2~2.4 g/kg B, bl pH K 5. 05~6. 02, b &
AR BB 0, - TCHLA AR A 2 4
PR VB 1 o, D S A SR R I L e A I L 1 ol TR
Bt G E A A B WE A R L, ROLE
SEDTRIR /NGRS W 0 58 K B it A A K s
o E LS PR G IR T M R R S
AHF 5T 45 R — B, X P BB T A S R P X
pH 728 AR BURE Bl P H BT 04 U ) L g i R B T
EHYY . DA R R, H R E & 2w+
e A AR . AR S, R4 pH B 4R
ST - Ak R RN i Ak e S R
Al RE R A K T R R AR L R T
A A i 20 TR ) A ) 22 R R R R v TE AL
RS, ARG T R Pk A 8 b kAR A A W X i T
W B Bt T R AR A R R,
AR A G A Ca?t, Kt Ca?t 5 L3

Mg® " Fil K" 5 4 A [ 9 W B 7 o AT £ - S
Wb Mg™" f KT & et
3.3 ARAEXHEKREKNEIE

VAW AR TR A Y AN N /S A LI 57 S
IR IR 5 T I R B A K A 3
JnAS A A AL e B TS R B » HLER AR A K H &
Hg 2.4 g/kg WA (B 3) . 33X 156 B 5 58 3 L A0 A K
X FERAERIEE B, BRESE HRE
W7 pH o 4045 WML L 1. 2 g/kg A1
FREE R 7 o FOBE 43 i B AR A Wit FH 2 22 B DU
TR RN TS B R AR R 1
it A KB 1 500 kg/hm?® B o A7 K % K A5 g 44
PR R R, R P, Y A K A R
2.4 g/kg W EOR ML EFBAAR R 049 & 5 R
I 35 ST AR B, X mT RE R oA o i A K
FECLE pH & (pHA7 8 pH=>7) 46l T A
HAMBESE bR RHEE FSHE
FHES 7 (NH, . Mg*" (K™ (35 BT 18 £ 30 i £k
Poxf %5 BRI, B BE SR D Ca® T ALY
B, N R Ak 5B A TR S BRI A, 2 Ca® ok
FE ML 4 mmol/L B, /N 4 X Ny i B 2
PR AR AR B R L W o Al 3R W B
Ca”" Ve BE I 1S i, X Mg™™ B W i 4 i V6 A B 8 3
S, WATWEIR R, i 2t A K 2 il R T T
5 LA A BEARAE A 0 KT It it
Hb. 3 pH R FF L E S ] R UE WA K
REHLE A D I A i mm Ca 570 &5
A EBEIE U R S R T U DT AR b A R B
UYL AR Y A KRR T 3.6 g/kg B, UK
W+ 38 pH>6. 5, £ ICHLA A 208 L 208 A sg
P BE B B R BRI (3R 4) . 28 b it FH A K
Rt g, ZE R A KM, 45458 A
geteres:ssl SRR YE I (pH=3. 9D F R Tl E K B
Frs A K= 48 2.4 g/kg, Ir & K H & 2
5.2 t/hm’ (HAWESE 9 E KL Al 56 b 47 8 40 i
BF 30Tl IUAE A 5 0 T 90 b 75 8 — 28 R 58 A Rt
X K A AR ISR 3 W ORI o AR R A s

4 & it

W M - 3 s 11T A7 K T DL v R pHL BRI
BEPRE , SR, X T AR L A K I AR
4. BEE AR AR B, R (V4 D RIR AR
1 EY RS SR R R BT T REE
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TR SCAE R AL S S N A B R K Al A L R 0 R BN o 9 PR A B IR 49

MAKMER 2.4 g/kg (13 pH=6. 02) i , il &
W AR SRy BRI RS, FaKAE
Mt 3.6 g/kg, HHELHLE A S0 R L S e
PEBE O o R R R X A s S e IR B R K
MHRARNE T AR50 RREBRE TR, £
KA A A2 B, 2 R 2 W A K R R
(pH=3.9D) + & TN 2.4 g/kg(FrH K H
FEZ 5.2 t/hm?), AHFFE Al kiR P 4 e ok )2
RS2 T E W (U R G D
il — 25 1 K R0, 3R 98 % A0 K 8 6 it ok
Az K ) B i R A 4 R Ak R R I T 4
T P4 .
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