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Crop P Uptake in Coastal Area of North Jiangsu
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Abstract:  Objective In the coastal areas of North Jiangsu exist enormous tracts of mudflat, which are important land reserves

for exploitation in China. However, the existence of high soil salinity in the mudflat, once turned into farmland, not only reduces
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soil phosphorus availability, but also seriously restrains productivity of the farmland and phosphorus utilization efficiency.
Biochar, humic acid and gypsum are considered to have good effects in ameliorating and utilizing the soil. Therefore, the
objective of this study is to investigate effects of the use of these soil amendments on soil salinity-alkalinity and crop uptake and
utilization of phosphorous in the soil. Method For that end, a field microplot experiment was carried out in the fields of light
saline soil (D) and moderate saline soil (Z), and an indoor pot experiment using the soils from the two fields. The experiments
were designed to have five treatments for each of the two soils and three replicates for each treatment. The five treatments
included (1) application of N only(CK) (2) conventional fertilizer(P) (3) conventional fertilizer + biochar(PC) (4) conventional
fertilizer + humic acid(PH) (5)conventional fertilizer + gypsum (PG). The experiment initiated in 2017 under a crop rotation
system of Barley-maize. Soil samples were collected from the 0~20 cm and 20~40 cm soil layers of each treatment once at each
crop growing stage for analysis of effects of the amendments on soil salt content, soil pH and soil sodium adsorption
ratio(SAR)and phosphorus absorption.  Result Results show that soil salt content in the coastal area of Jiangsu varied with the
season markedly, that is, salt accumulating in spring, salt leaching in summer, soil uprising in autumn and salt stabilizing in winter.
The soil salt controlling effects of the management measures were more significant in the 0~20 cm soil layer than in the 20~40
cm soil layer, especially Treatment PG. Treatment PG reduced the salt content in the 0~20 cm soil layer by 31.06% and 40.60%
and soil pH by 0.67 and 0.51 in the soils light and moderate in soil salinity, respectively. Compared with CK, all the amendment
treatments were lower in SAR and Na' content in the 0~20 cm soil layer, which indicates obvious improvement in soil structure.
In terms of decrease in SAR, treatments displayed an order of PG > PH > PC with the soil light in salinity and an order of PG >
PC > PH with the soil moderate in salinity. All the amendment treatments promoted P uptake and yield of barley and maize in the
soil light in salinity, while only Treatments PC and PG did in the soil moderate in salinity. After two rounds of rotation, in the soil
light in salinity, Treatments PC, PH and PG were found to have increased the cumulative phosphate utilization rate by 4.9 times,
3.5 times and 1.8 times that of CK, respectively, while in the soil moderate in salinity only Treatment PC and PG showed similar
effects.  Conclusion The saline soil in the coastal area of North Jiangsu varied with the season in soil salt content. The
amendment of biochar, humic acid or gypsum can effectively promote removal of soil salt and alkali, thus improving the soil
structure. Among all the amendments tested, gypsum is the best in decreasing soil salt content, pH and sodium adsorption ratio.
All the amendments significantly promote crop P uptake, and hence increase cumulative phosphorus utilization rate and crop

yield in the soil light in salinity. Humic acid shows a better effect in the soil light in salinity than in the soil moderate in salinity.

Key words: Saline soil Salinization obstruction Phosphorus utilization Biochar Humic acid Gypsum
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ek b Na B de, fi vy 398 FH B 1 S ff i AR Ak
PRI, DR TEE, B e mR i,

BAR HETE NSNS TR R e . TR A
TN e R KR Bl A R R R B il B
Z U R A S 2000 T T 0 - S A M B Y
U AR R DA BRI E . KT
[F 40 BR800 X S 6 e i 14 9l 0 8 2R AT S8 B T 0
WAEVE AL BT ST A 200 o ARTSE ATRIL it 42
B R SRS, SR T ] X Y
Tk, WFFEAN [ 24 B VR Pt o R 5T A T e ok e 1
P T 0 LA R AR e 2R R AR BEVE T, X TR
1 PG VR LR I A T 3R M AR | e ok e
THI S S P T A BB

1R

1.1 HARXER

R XA FILE R AT EA TR EKX
(32°43'N, 120°50'E ), J@& T HLAY Vit 3 ] R TR 1
e (FBIRIHE 2016 4 ). b X SMEIRBE, MW
i, DU AERRIE 15.0°C, 4E 0] 213 d,

AEIREKE 1059 mm, KK EHR 1417 mm, 4
¥ H MR 50.4%, FHMHINBEN 81%. FFE/K b
BT B, W ZRRRAE I B b X Y
ARy AER 12, ISR s AR E R ek
RNy hrie, HHEPAPRL (2~0.02 mm ). ki
(0.02~0.002 mm ) FIZEHL ( <0.002 mm= & &5
Wk 34.8 gkg 'L 75.76 g'kg ' 20.76 g'kg ' MR
il 398 S5 b o G bR o, 2% R LB R R
ek ahe Y TR AZ I KRB R, AT
e w3 b A w508 o ST Tl E N
fREE R, SR 2 T Vi R it AR T A 55 2 i 4L
FIH . A A5x4 R oAb i R | L
TR M, R A IR B TN

Cco¥ 004 cmolkg' , HCO; 0.66 cmolkg' ,

CI'2.36 cmolkg™! , SO2™ 2.23 cmolkg”, Ca’* 0.54
cmolkg', Mg®" 0.42 cmolkg', K 0.58 cmolkg™,

Na'3.84 cmol'kg s HHBE R 1) - 4 4 B T 4Lk
: €03 0.09 cmolkg ', HCO3 0.45 cmolkg ', Cl 3.73
cmol'kg™?, SO3™2.42 cmolkg™, Ca* 0.39 cmol'kg™,

Mg*" 0.41 cmol'kg ', K" 0.63 cmol'kg ', Na"5.99 cmolkg .
HAFEA LR 1,

F1 AREEERWERDIEERMER

Table 1 Basic properties of the soil relative to sanlinization degree

B it FHLR Lo N WA HEH
A F#WE Available
Salt content/ pH Organic/ Total P/ Alkaline N/ Available K/
Soil type P/ (mgkg™)
(gkg™) (gkg") (gkgh) (mgkg") (mgkg™")

e " 1.57 8.94 16.3 0.72 25.43 33.12 139.2
w7 2.63 9.17 8.8 0.64 15.63 21.55 112.5

(DLight saline soil, @Moderate saline soil

1.2 REZit5SHEERE
ARG PR R S 5, R SR
hFEE 165, Bk LRI ANIL A RA "8t A4
YR TR E A0 A 9 TR A B JlE ML (R
MAECATEFFRE T, SALIREE 600°C, BefbiFIa] 20 S );
JEREIR R IS A IR A F AL AT B LI
TN R AR A B A wl AR

M A X AR B TF 4R T 2017 4E 11 H, k-

FARBEFERE ., KRR ESR L (D)
FirpEEERE L (Z) At XT 4, o b (CK,
At AR ), I AE e JE Rk 5 it FH B A A i R0 A
(P). HWHENE+AEY BT R (PC). AL AL+ R
(PH). #WHHEIE+AE (PG) AbFE, A ESE
3, it 30 X, BB A P BR 52 4 BEAIL Y 7
KA, XA 2.8 mx2.8 m=7.84 m*, X4
FA 0.2 m SERHEAK
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Table 2 Designing of the micro-plot field experiment

e &3 iz g Abh ¥

Soil type Code Treatment
CK X (AL ) CK (Only N)

P AR ( A HE+#EAC ) Conventional fertilizer ( N+P )
BEHT+
PC “H it B+ 4 [ Ak Conventional fertilizer+biochar
Light saline soil
PH H JtE AE+JE FER Conventional fertilizer+humic acid
PG HWHUEAE+G B Conventional fertilizer+ gypsum
CK ¥R UEAIE CK Only N
P HHUERE ( ZAE+BEAE ) Conventional fertilizer ( N+P )
R
PC HJJtE AR+ #) F ¢ Conventional fertilizer+biochar
Moderate saline soil
PH HHUENE+E AR Conventional fertilizer+humic acid
PG B AE+47 7 Conventional fertilizer+ gypsum
KAEZREFIA 2017 4F 11 H 18 H—2018 4F 6 TR SRS pH MERMT 115 LKILRS

A8 H, TRIEFIN 201846 H 26 H—2018 4F
10 A 13 H, AMEAKE (N :46.4% ), JtiHwH
485 kg-hm >, FEEE, Hh KEFMHILEHL N 6
2:2, EARFMIGELN 4:3:3, FERENRE
SRR AT | EOK AT SRS ) A R 3R
WA o ot B R A5 ( POs: 14% ), Jiti H &R
1071 kg-hm >, 78 K& BIERI— WA, FX
AP . e A & R,
i 56 AN Pt R B IE . A R e 1 i FH A
27 thm?, JEHIFR A4 600 kghm™, AF K
JEEA 3 thm?, 7EREFATE &S RAEA 0~
20 cm HHEIFIRAT . WA K 187.5 kg-hm 2,
Tk 15 kgrhm 7, HAAE BRAES I 20 M 0 H I EE
HEA AR .
1.3 HmRESSH

TERZE M ERAR AT, A X A AL
W =A i, R4 5R % 0~20 cm, 20~40
em HIHERESIFIRA), HARK TG B, M

E— 20 BT I o K22 B OK B, IR
BW%H&%@?M?E,#%FEOEM%%
FERLAFEFF, 105C R 7 30 min, 70°C P+ =
P, AT ARERR R 0.5 mm B, 4 5 E
R

AL BRI E: Ca¥t. Mg® R
JH EDTA %A1 2 75, Na SR KOG 6B %5 R AT
FFRE 2B 1R HaSO4-H,0, TH &, dHE LI (A
E .

1.4 HIESH

+ AR (TS ) /(gkg' ) =2.47xEC, . 5+0.26,
EC,.s btk 105 aff 3R SR (dS'm'); +
FEWEER R %= (HFEFIET - EER & UK e R
Sy ) B AR AT R AR A X 100%; 1EY)
Wit/ (kghm™?) =fFRir=& (kghm?) <kEkirh
LR (%) +FEFF R (kghm?) >FEFF e
R (% ); BEIERIH 2/ %= i X b -
IS AL Tl e — A it ol X by b R W o ) /i 1 < 100% 5

[Na']
[Ca®*]+[Mg*']

2
A, [Na'], [Ca*]. [Mg* ]l 4 Na*
&1, cmolkg ',

AT B B A B K 453143 BT 4% FH Microsoft
Excel 2010 X {FF1 IBM SPSS Statistics20.0 # {4k
7, Kﬁ&ﬂﬁ%%%ﬁ%ﬁﬁ?im%%
( Duncan ) E#A T2 H L. R Origin2016 3 ff
HATER

L ( SAR ) SAR=

. Caz+\ Mg2+

http://pedologica.issas.ac.cn



54 AR RO TR AT e R A R ) W 2R AR R A 1223

2 45 B FE 0~20 cm HIEHEFEDRA, FERS 5N
16.26% . 9.85%. i H =Y im (DPC ), MR

2.1 REMBHEHEWTEL SR pH HREER (DPH) frAH (DPG) AFEF 0~20 cm L3125

M 1 AT, MM RN s e oy ROIRE, BERRHIN 17.93% . 15.30% . 31.06%,
% (35 H ) +HEE M mAER, 55 (68 ) 20~40 cm TIERFERARE . T A EXTIRAL
IR VE . K (911 H ) +Hizgmm H(ZCK) MURHEREIE (ZP) A FRAEFEY GRS 0~
B & (120K4E 2 A) FHEEE M. REM 20 om, 20~40 cm HEEM R BHRRAS . 5XFIRA L,
MR KGR Eh - R Eh B AP A, ok ZPC ORI ZPH 2R B 0~20 cm., 20~40 om + X R
0~20 cm +IHESERROAILES 20~40 cm HHER AR, ZPC AL BYBEERF 0 33.33%.24.33%,
Bl XA IR T KR Rk ZPH ABRRYBEERRITHIN 40.60%. 20.77%. ZPG
FE o BT R A= AR A, BBk (C ). AEPRF 0~20 cm HHEREBEDRA, 20~40 cm 11
JEHIE (H) MAE (G) Zk REFHEXT 0~40 cm  RSBURRA . XU 5T, AFHk RiEiE
TR o B IR . OGRS REA RUEAR - e th 7y, AP EEER W+ B RCR I
FrE bt L X AL E (DCK) FIFEREAL (DP) 4b TR L.

3.0 3.0
—a—CK—e—P—4—PC—v—PH—-PG —a—CK—e—P—4—PC—v—PH—e—PG
~ a) 0-20 cm 1 v 20~40 cm
w2st
)
s
W E
é@ £ 200
oE
3 st
{
1.0 C 1 1 1 1 1 1 1 1 10 C 1 1 1 1 1 1 1 ]
o D A o N\ o ) A o N\
; RS ) o7 %’@:L %,QS'QQ’%,Q@ o A %’Q%,\‘)%’\Q,O ; RS ) o7 %’@m %’QS,Q”;Q()D R OOD%'\Z,\“'@
'LQ\ fLQ\ ,LQ\ ,LQ\ ,LQ\ 'LQ\ ,.LQ\ "LQ\ "LQ\ ,-LQ\ 'LQ\ '7/“\ ')«Q\ ')«Q\ 'LQ\ 'LQ\
35r e CK-e- P-4 PC—v—PH-e—PG 35 a CK e P a PC v PH & PG
) 0~20 cm d) /' AN 20~40 cm
30 3.0- L8N
P P v
2 2s 250 ;><"‘/}&~ e
EL'\RQ g 5 V = \\AJ— ’7”:‘;'7 —*
@t v
% § 2.0 2.0k "/
<
315 15k
1o Lo} Il Il 1 1 1 Il 1 Il |
© S 7 D A A9 ¢
a0 \’\6 1 ’\\’\ 1 ’\'L:L%’Q'Bn’%g‘) ’Q%’Q(YQ %’Q’\ ’\%’Q%’\%’\Q’\
PAEINS AN AT AN AV AV ARV AN QY
H 1 Date/(yyyy-mm-dd) H 1 Date/(yyyy-mm-dd)

K1 BEdbit (a), b)) AR L (c), d)) A4S i sh S8

Fig.1 Dynamics of soil salt content in the soils light (a ), b)) and moderate (¢ ), d)) in salinity relative to treatment
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BB AR R [R] R R E T 4R R A
FKJG 0~40 cm +3E pH HAfLIE LN 3 iR . &
FEERE 1 b, N[ ek R it e 0 S FEAR 0~20 em £
% pH, Hr, DPG AbFRFEFRZ 15 pH AR &
U, BREFIETIRME T 0.67 4~ #¥{7, DPC A1 DPH 4b
FRESFR AT 0 BIFRAR 0.22. 0.31 NEANL, £k B
Jiti Xt 20~40 cm 3¢ pH W E M E /N, {UH DPG ik

PHAE W E AT 20~40 cm 3 pH, BRI AL
0.25 ~Hfii . DCK 1 DP 43 F 20~40 cm + 3 pH
AR TR T R L, BRE AR A
AN, HA 45 Ab PRI REAS [F] R BE A 0~20 om 148
pH H ' ZPG b FRE i 2 FIK 0~20 cm .20~40 cm
+- 88 pH, BAEFPRT> BIFEAL 0.51. 0.35 A~Hfy . H
DA AFTF 20~40 cm 3 pH W5 F TR

x3 BEMPERFTIAFRLREET 0~40 cm L1 pH Tk

Table 3 Variation of soil pH in the 0~40 cm soil layer relative to soil salinization degree and treatment

N 0~20 cm 20~40 cm
et =] Ab3p
FEFHT W3k e FE R sk e
Soil type Treatment
Before sowing After harvest Before sowing After harvest
BESD L CK 9.12+0.15a 9.00£0.06ab 9.14+0.18ab 9.18+0.04ab
Light saline soil P 9.06+0.12a 8.98+0.04b 9.11+0.26ab 9.30+0.05a
PC 9.24+0.12a 9.02+0.05b 9.14+0.11ab 9.12+0.11ab
PH 9.28+0.07a 8.97+0.05b 9.15+0.24ab 9.12+0.09ab
PG 9.25+0.17a 8.58+0.04c 9.16+0.35ab 8.90+0.15b
R Bt CK 9.08+0.31a 8.98+0.13a 9.09:0.28ab 9.13+0.07ab
Moderate saline P 9.10+0.09a 8.99+0.03a 9.04+0.15ab 9.15+0.20ab
soil PC 9.15+0.17a 8.99+0.09a 9.19+0.25ab 9.30+0.04a
PH 8.91+0.27a 9.07+0.10a 8.97+0.17ab 9.20+0.13ab
PG 9.04+0.27a 8.53+0.06b 9.22+0.19ab 8.87+0.10b

I AFFEERR R A - SR RAE BEEITE 0.05 /K22 55 3% . TR, Note: Different letters indicate significant difference between

treatments at 0.05 level. The same below.

2.2 AEMRFEMEXT 5500 bk 6 EE1E R
H T 45 o R R it A R, Rk R
FEO R AT 0~20 cm HHEE B TS E AR
+ AR R HE ( Sodium absorption ration, SAR ) J&
AR V5T A e B 5 R ok R v i el - S ER R B )
fEbR. T SAR BOK, KU I I FHES 14
H Na' It b7 (9 EL Bl , Ca” Fl Mg® i o EL 3t/ s
XHEYI R fE S s KU Rk A HE PR
JEER 1+ 3R )2 148 SAR HWARfL AR 4 s . 3R
LA, BREEERR T b, MEYOR AN [F R R AT
+ 1 SAR B R AE 41 A, B IR 2.17%~67.65%,
Hirh DCK 438 + 38 SAR FEAAAS | = Fhik B $
i, DPG Ab¥fRE 0 E FE(R 1% SAR, FEMEA
67.65%. DPH #b¥HI DPC AbFEYR >, R+
b, YEMINR G ZCK Ab B+ 3 SAR AR A BT
Fhimr o HEEIC AL PR AT SRR L4 SAR, FEIE A

15.81%, FEMEBEICAYFERE b, =g R i
Al PR 0~20 em T HE SAR fH, FCRINTF KK
N ZPG>ZPC>ZPH.
2.3 ARMRETEXEY =2 R BEE R IEE

€A

RS EY P R R LR S, R
it b, AYER . R . A S
AhERPRE B E R B K E B R ;R
FZE, A:Y Fi( DPC ). B 2 DPH )FIA 7 ( DPG )
WEFER R EZ M B R E L (DP) 4r 54
13.14%., 20.26%. 12.56%; fEE K%, AT E
KB =R DP 43l 5 23.43% ., 21.11%., 21.19%.
HEEERE b, AWK . A SBEICECE (ZPC.
ZPG) bR S EY i, b, ZPC bR
KEZEFRHBERR, 8 ZP H#E T 24.16%; TXK
Zx, ZPC Ml ZPG bR ERE T K75, &
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Table 4 Changes in soil SAR relative to treatment
T3 AbH ENAE sk s [
Soil type Treatment Before sowing After harvest Reduce range/%
R CK 5.07+0.71a 4.96+0.77a -2.17a
Light saline soil P 3.54+0.65a 2.81£1.19b —20.62ab
PC 4.54+1.21a 2.77+1.69b —38.99bc
PH 4.23+0.88a 2.58+0.71b -39.01bc
PG 4.05+0.60a 1.32+0.56b —67.65¢
WAL+ Moderate saline CK 7.4240.95a 8.57+0.99a 15.50a
soil P 6.64+0.42a 5.59+0.33b -15.81b
PC 7.63+0.52a 4.19£0.71c¢ -45.09¢
PH 6.58+0.61a 3.98+0.85¢cd -39.51¢c
PG 6.66+0.22a 2.83+0.13d -57.51c¢c
x5 AEAURBHEIENMTE. BRBREH AMIER
Table 5 Effect of different measures on yield and P uptake of crop
K#*Z Barley growing season EKZE Maize growing season )
FHBEE
Hy 17 ‘ o 1 ‘
\ BE \ B e
- Wk it Wk it
+ e Qb3 Vians FIHHR =R FIHR Cumulative
Phosphate Phosphate
Soil type Treatment Yield/ Phosphate Yield/ Phosphate Phosphate
uptake by uptake by
(kg:'hm™?) utilization (kg-hm™?) utilization utilization
shoot/ shoot/
rate/% rate/% rate/%
(kg-hm?) (kg-hm?)
BB+ CK 12 989b 19.43b — 18 181b 39.37e — —
Light saline P 13611b 20.78b 0.90b 18 534b 48.27de 5.93¢ 6.83¢
soil PC 15310a 31.95a 8.35a 22 877a 77.51a 25.43a 33.77a
PH 16 369a 31.58a 8.10a 22 447a 62.89b 15.68b 23.78b
PG 15321a 22.90b 2.31b 22 461a 54.16bc 9.86¢ 12.17¢
HhEE R CK 9 899b 13.12¢ — 12 081d 33.12b — —
Moderate P 11 044b 14.67bc 1.03b 14 446¢d 40.93b 5.22b 6.26¢
saline soil PC 13 713a 20.80a 5.12a 20 855a 66.33a 22.14a 27.27a
PH 10 723b 16.27bc 2.10b 16 320bc 36.91b 2.53b 4.63d
PG 11 094b 17.94ab 3.21ab 19 006ab 54.91a 14.52a 17.74b
ZP LT 44.37% . 31.57%. I Ji AE R 5 i A B e s nlm, feRgEnit B, KEZF DPC,
(ZPH) AbFEFVEY P~ Ik T X HR AL HE, UAWIVR  DPH ACBEGE W &MUk K2 1 L3RWess, i DPG &b

0 5 L TR Ak B X AR 0 4 3 7 SBOR A R B R

oo

ISR R E; FkF

, DPC. DPH 1 DPG 4t ¥

PIRE e R FOR M R, B2 DP AbHp S
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1 60.58%.30.29% . 12.20%. 7 P+ F, ZPC,
ZPG LhFRE ) 3 A KA 2R FOKR ZAE Yy dth 1 g
B; 7ERFEZE, ZPC. ZPG AbFEF K2 Hb b3k
WA ZP IR E T 41.79% ., 22.29%; {EEKZE,
ZPC ,ZPG AbBEF o K My b0 il A ZP 43 R
T 62.06%. 34.16%, i ZPH Kb X 1E 8% W5 i 42
HERARE ., S WERIER, £ Rt HEE
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