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Differences of basic soil productivity between yellow-mud and grey-mud
paddy fields in southern China
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Abstract: [ Objectives ] Yellow-mud paddy field (YPF) is low in basic productivity, and is widely distributed in
the red-yellow soil region of southern China. In order to provide a basis for the amelioration of YPF fertility and
rice fertilization, we quantificationally evaluated the basic soil productivity and revealed differences in absorption
and utilization of nitrogen, phosphorus and potassium of rice between YPF and high-producing grey-mud paddy
field (GPF). [ Methods ] A pot culture experiment was conducted using rice cultivar ‘zhongzheyou 1’ as
tested materials. The tested soils were collected in the typical YPFs and GPFs nearby having the same micro-

geomorphy in twenty counties, Fujian Province, China. Two treatments of applying N 0.60 g/pot, P,O; 0.24 g/pot,
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K,0 0.42 g/pot and no fertilization control (CK) were designed for all the fields. Urea with 10% abundance of "N
was used for nitrogen fertilizer, calcium dihydrogen phosphate for phosphate fertilizer and potassium chloride for
potassium fertilizer. Fertilizers were firstly dissolved and applied. Two column seedlings were transplanted in
each pot. After harvest, the grain yield and biomass were investigated, the plants were divided into above ground
part and root part, and the NPK contents of plant were analyzed. The basic soil fertility and the NPK contents after
harvest were determined. [ Results ] Compared with the GPF in the CK, the economic yield and above-ground
rice biomass in YPF were decreased by 26.9% and 23.5%, respectively, and the corresponding contribution rate of
basic soil productivities (BSP) were decreased by 14.1 and 9.7 percent points, respectively. The contribution rate
of BSP to economic yield had a significant positive correlation with soil organic matter content, but a significant
negative correlation with soil bulk density. In both treatment and CK, the effective panicles in YPF were
significantly lower than those in GPF. The effective panicles had a significant positive correlation with organic
matter content but a significant negative correlation with bulk density in CK. Under fertilization, the N, P and K
contents in grains, stems and leaves, roots in YPF were all lower than those in GPF at the ripening stage, of which,
the P contents in the three parts were significantly decreased by 9.6%, 38.4% and 46.3% in turn, and K contents in
grains, stems and leaves were significantly decreased by 10.8% and 18.5%, respectively. Under fertilization at the
ripening stage, the N uptakes of rice grains and stem & leaf in YPF were 10.8% and 17.3% lower than those in
GPF, the P uptakes were 12.5% and 46.2% lower and K uptakes were 16.6% and 28.5% lower (P < 0.05). Under
fertilization, N use efficiency (NUE) in YPF was 4.6 percentage points lower than in GPF, but N residual rate in
soil was 3.0 percentage points higher. [ Conclusions ] The soil organic matter and bulk density are the two most
important poverty obstacles in yellow-mud fertility, which affect the contribution of basic soil productivity and the
effective panicle number of yield components. Comparing with high-productivity field, the nitrogen use efficiency
in yellow-mud field is lower while the nitrogen residual rate in soil is higher. By improving organic matter content
and decreasing bulk density, yellow-mud paddy fields have a yield increasing potential of over 20%.

Key words: yellow-mud paddy field; grey-mud paddy field; rice; basic soil productivity; nutrient uptake;

nitrogen use efficiency; nitrogen residual rate
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Table 1 Physical and chemical properties of yellow-mud paddy field and grey-mud paddy field

EERiIN g EX il
Total K

(g/kg) (g/kg) (g/kg) (g/kg)

g

oM
Soil pH

Total N Total P

B A AR SUR G I /LN G5 Ty vd A
Avail. N Avail. P Avail. K <0.01 mm clay Bulk density
(mghkg)  (mgkg)  (mg/kg) (o) (g/em?)

el YPF 5.10+0.26 25.29+7.99 1.61 +0.39 0.68+0.25 14.28+5.96 126.4+24.8 22.1+14.8 502+17.4 33.32+539 1.28+0.16

JRUEH GPF 5.14+0.27 31.26+8.96 1.89+0.37 0.97+0.44 19.15+4.69 153.8+31.2 51.1+31.8 82.7+47.3 27.58+535 1.14+0.15

HE (Note) : #3550 20 ANHAIRE T IIE + #57fEZE Data is the average + standard deviation of twenty typical fields; YPF—Yellow-mud

paddy field; GPF—Grey-mud paddy field.
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Fig. 1 Basic soil productivity and its contribution rates in yellow-mud and grey-mud paddy fields
[F (Note) : # FiRZELN 20 D HIEMTFIE + brdfizs; L ARRIKRE FRFRR A 22 535 1% W 3% KF. The error bars represent
average + SD of 20 soils; different capital letters above the bars indicate significantly different between yellow-mud and grey-mud paddy fields at the

1% level.]
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Fig. 2 Fertilizer agronomic efficiency in yellow-mud and
grey-mud paddy fields
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Table 2 Yield component of rice affected by fertilization under yellow-mud and grey-mud paddy fields

JifiA Fertilization At No fertilization
135
Soil 30 IR THE (2) 0 IR THE (o)
EPN FGN 1000-grain weight EPN FGN 1000-grain weight
# e H YPF 123+2.0b 110.0+12.6a 22.65+0.73 a 79+1.7b 96.0+12.1a 22.44+0.85b
JKJEH GPF 134+28a 1184+ 134a 22.82+0.80 a 89+23a 97.0+£109a 2297+0091a

i (Note ) : EPN—Effective panicle number per bunch; FGN—Filled grain number per panicle; YPF—Yellow-mud paddy field; GPF—Grey-
mud paddy field. [FIFVEE G A [E/ING 718 3 5K Ve W (8] 25 735 5% B 35 /K Values followed by different small letters in a column
indicate significantly different between yellow-mud and grey-mud paddy fields at 5% level.
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Table 3 Nitrogen, phosphorus and potassium contents of rice plants in yellow-mud and grey-mud paddy fields

JiEAE Fertilization (g/kg)

AL No fertilization (g/kg)

For +-E
Nutrient Soil FFHL Grain -~ 250} Stem & leaf  #R Z Root FFHL Grain -~ 250} Stem & leaf  #R % Root
N HYEM YPF 1616+207a  9.19+1.19a  7.02+126a 1451+096a  7.84+093a  647+096a
JJEM GPF - 1675+ 1.06a  9.77+194a  723=1.14a 1324+105b  7.66+1.70a  6.09+105a
P #ié H YPF 3.01£042b  1.49+£0.59b 0.95+0.39b 283+040b  1.69+£0.71b 1.08+0.57b
JKIRH GPF 333+£047a 242+0.75a 177+1.06a 3.15+£039a  224+083a 1.80+0.95a
K H#JEH YPF 3.72+£045b 11.87+£226b  347+140a 3.83+£033b 1030+£337b  2.07+1.09a
JK ¢ H GPF 417+£036a 14.57+4.84a 3.55+1.18a 438+1.15a 13.58+5.93a 2.54+1.00a

7 (Note) : YPF—Yellow-mud paddy field; GPF—Grey-mud paddy field. [f514 855085 A RN Rk 3R 15 IR H 5 KR R 22 558
5% .3 7K Values followed by different small letter in a column indicate significantly different between yellow-mud and grey-mud paddy fields at

5% level.
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Fig. 4 NPK absorption in different parts of rice with and without fertilization in
yellow-mud and grey-mud paddy fields
[ (Note) : #F LIRZEL N 20 >+ TIE + brifEZ; 2 EAFR/NG SRR 8 86 H 5 U6 H 22 5735 5% W% /KF, The error bars
represent average + SD of 20 soils; different small letters above the bars indicate significantly different between yellow-mud and grey-mud paddy
fields at 5% level.]
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Table 4 Nitrogen uptake of rice nitrogen use efficiency and residual rate of soil in different paddy fields

dal 47 = s B SE TR B Qi :
4 AERLE IR Uptake of fertilizer N (mg/pot) SRR (%) + A E 3R Soil N residue
Soil FFBL Grain  Z2M- Stem & leaf  #2 % Root A1t Total NUE (mg/pot) (%)

Hile H YPF 160.2+323a 110.1£249b 43.6+16.7a 313.9+49.8b 523+8.3b 178.6 £38.8 a 29.8+6.52a
JKJé M GPF 171.0+£32.6a 124.3+236a 462+ 135a 341.5+533a 56.9+89a 160.9 £29.0 b 26.8+4.8b

# (Note) : YPF—Yellow-mud paddy field; GPF—Grey-mud paddy field. NUE—N use efficiency. [F]F$dE 5 A /NG FH- RN TR TS
KR 253K 5% B3 /KF Values followed by different small letters in a column indicate significantly different between yellow-mud and grey-
mud paddy fields at 5% level.
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- A WU B AT R R R b 12 W Ak KR
BEARYE . FAOCHFSE R I, 20 etk K R < 00t U
RS s 0 A O i A 8 R v B Ll
J1, DA R B FOAEAS R R O B, A
R e 22 32 AFARIE 542 . RS AFIE
i, BEEAEALIE > G P 12.6% 5 10.2%, FEFFLE
P 34 ] 2 1 B 00 T - AN 45 5 A8 i A o 1 = AN A
BT A i, AN+ SRS AT+ FT 8 20 2 —
Fofr B G I U8 e AR R, A LS LI e
MR T R Rk, RS T R
MUBT & &, 3608 7 TSR0k an e gy, (0 5L Ail b
hizAAEE . R, —Jrm, AR A
AR A B W B 3 H IR Rl ) B AR bR, B —T
T, FE 5 B L DX )32 A3 A 0 v e s 3 6 A ) 9
N AR THA MU 5 B L A 5 o 80 ), it
FRee e, B4R T IR . S —HRaE,

x5 EhHTTEE () SHREAER (v
HIEAF R ERE RE (n = 40)
Table 5 Correlation between contribution percentages
of basic soil productivity (economic yield, y) and soil
physical and chemical properties (x)

miSpigss

87 (x)

RZ
Index Regression
AHLBT Organic matter y=0.6322x +41.193 0.193"
4% Total N y=10.431x + 40.813 0.106"
4= Total P »=0.2318x + 58.876 0
44fl Total K ¥ =0.1604x + 56.388 0.005
45H Bulk density y=-34.772x + 101.16 0.203™

7 (Note) : *—P<0.05, **—P<0.01.

il Sy Ak eE . MBS AN TR RS A
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32 ERHUERERHZREESENFIAZR

A5 i AR F R B AR R AR, B
Ve -5 i) KRR R FIHIZR 9150 52.3% F1 56.9%,
R T A BRI R e, 2 T ARl
/b T R SRS, IR E AR A L m
R EER A TN 2%, MR 5%,
far 4t s 2 e H 0 BE A H B2 F5 2O nl @, A
WHoE R, Bl G Jemlh APk ™= 82 7, IR AR
W B EREAR, AHCOFE R, B2 SE A kb T 19 4
fe s X R AR R A/ ) b 4 T it A
Xof A0 B4 PR AL sl T 80 A [ ) 000 e, I A
BB, X EREEME T EAr =T, T
AKE AT IE I o, EA — 4R R, AR
[Fi) b 7 ZKSF- T e 5 B R, RS e K AR 1Y
NEAR A A AR i, AR R 227 5 2 B i Ufe F 1
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FH ARG S e T ok A RERE AR A R B (36 4) . A
2, ASHIRGE R A RN AR B R A = TR TR
Mo —LeFsg R0, T SR 2 AR RE A A1
BCRET XN RE S OR[A T S R SRRk 22 R A
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Hb b AR RO UG IS 23.5%, AR Y SEAl b 7
TR 9.7 D43

JEAEZPE T, B AR R R . 2R R 1Y
W B i o A e B 0 21K 9.6% . 38.4% 5 46.3%
(P <0.05), AFRLFIZEM-40 R 5 &5 0K U T i 3
1% 10.8% 5 18.5% (P < 0.05), /KASMBU kR, 2%
I ) 2 28 W R K Ul 3 S 10.8% 1 17.3%,
Z WA BIMIK 12.5% Tl 46.2%, 4920043 MK
16.6% F128.5%, ZHIE3E (P<0.05),

B{YIe FH K R EUIE R I35 I e B A 4.6 1~ 40
AL ARG R BRI N 3.0 N E T
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T AL T b R e SRl ) TR R
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