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Effects of the soil conditions of natural volcanic slate lava
platform on rice grain quality

LI Hongliang', SUN Yuyou', WEI Caigiang', ZHANG Yanming?®, QU Jinling’',
CHENG Dujuan’, XIE Zhong', SONG Ze', LIU Chunguang', JIANG Long’,

XU Dehai', SHI Xinrui'

(1. Mudanjiang Branch of Heilongjiang Academy of Agricultural Sciences, Mudanjiang 157041, China;
2. College of Life Sciences/National Key Laboratory of Hybrid Rice, Wuhan University, Wuhan 430072, China)

Abstract In order to reveal the mechanism of the volcanic lava slate soil environment on improving rice

quality in cold region, soil samples were collected from the natural volcanic lava paddy field (T,) and
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ordinary rice field (T,) adjacent to the Xiangshui’s volcanic lava paddy field (5.2 km) in Mudanjiang City,
Heilongjiang Province to determine their physical and chemical properties and soil element content. The
photosynthetic parameters of leaves, N, P and K uptake, key enzyme activities of C and N metabolism at
grain filling stage and rice quality indexes, and the correlation between various quality indicators and traits
were investigated. The results showed that: The contents of organic matter, available silicon, magnesium,
iron, zinc and selenium in T, soil were significantly higher than those in T, soil (P<<0.05). At various growth
stages of rice, the SPAD of leaves in T, were significantly higher than those in T, (P<<0.05), and the
absorption and accumulation of N, P, K in sheath, stem and panicle were also significantly higher (P<
0.05). From the jointing to maturity of rice, the dry matter weight per hole in T, was significantly lower than
that in T, (P<<0.05), while the dry matter weight per stem was significantly higher (P<<0.05). The activities
of ADPG phosphorylase and soluble starch synthase of T, grains were still higher in the late grain filling
stage, and the activity of glutamine synthetase was significantly higher than that of T, during the whole grain
filling period (P<0.05). The contents of 17 amino acids, Mg, Fe, Zn and Se of rice under T, were
significantly higher than those of T, (P<<0.05). The chalkiness rate, chalky degree and crude protein
content of rice in T, were significantly lower than those of T, (P<<0.05), while head rice rate and taste score
were significantly higher (P<0.05). The peak viscosity of rice grain starch in T, was increased, while the
minimum viscosity, attenuation and retrogradation value were decreased. To sum up, the soil environment
of volcanic lava slate could increase the photosynthetic capacity of rice plant and dry matter accumulation
per stem, promote the absorption and accumulation of N, P, K and nutrient elements in natural humus soil,
and increase the metabolic activity of key enzymes for starch formation during the whole grain filling stage or
late grain filling stage, and then improve the quality of rice.

Keywords natural volcanic lava paddy field; photosynthetic matter production; key enzyms of carbon and
nitrogen metabolism; rice quality
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Table 3 Accumulation of nitrogen, phosphorus and potassium in different parts of rice plant after

heading in different soil environments g/100 g
+ WRLF 10d fi B 15 d
HA AL 10 d after heading 15 d after heading
Soil  Parts
type N p N P K
g Annt
Sheath
i 1.70640.075 Aa 0.49640.011 Aa 1.7264-0.069 Aa 1.5624-0.010 Aa 0.41140.014 Aa 1.635+0.010 Aa
an
leaves
B
T S 0.671+0.014 Aa 0.457+£0.005Aa 1.512+0.005Aa 0.474+0.015Aa 0.36140.005Aa 1.78940.016 Aa
1 Stem
Tl
Panicl 0.902+0.015Aa 0.201£0.009 Aa 0.449+0.012 Aa 0.93140.005 Aa 0.27640.011 Aa 0.52840.015 Aa
anicle
it

Total

3.279=+0. 144 Aa

1.1544-0. 022 Aa

3.687=x0.022 Aa

2.968=+0.016 Aa

1.048+0. 067 Aa

3.952+0.014 Aa
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T AR 10d R 15 d
HA AL 10 d after heading 15 d after heading
Soil  Parts
type N P K N P K
Bt
Sheath
q 1.525+0.103Bb 0.458+0.021 Bb 1.545+0.019Bb 1.471+0.038Bb 0.338+0.019Bb 1.416+0.010Bb
an
leaves
EN
T S 0.59640.018 Bb 0.36640.009 Bb 1.31840.029 Bb 0.43240.020Bb 0.298+0.018 Bb 1.676=+0. 069 Bb
2 tem
i
Panicl 0.78440.052Bb 0.17040.011Bb 0.38240.018 Bb 0.8454+0.012Bb 0.190+0.009 Bb 0.435+0.017 Bb
anicle
Gt
Tol 2.90440.052Bb 0.99440.019Bb 3.24440.052Bb 2.74940.052Bb 0.826+0.005Bb 3.527+0.016 Bb
ota
T35 fHUR 20d A 25d
HA AL 20 d after heading 25 d after heading
Soil Parts
type N P K N P K
Rt
Sheath
q 1.481+0.115Aa 0.333+0.013 Aa 1.422+0.099 Aa 1.360+0.015Aa 0.273+0.019 Aa 1.06640.103 Aa
an
leaves
ES
T, S 0.28140.009 Aa 0.26840.012 Aa 1.92340.028 Aa 0.104+0.005Bb 0.197+0.007 Aa 2.232=+0.010 Aa
Stem
i
Panicl 0.91740.013 Aa 0.20540.006 Aa 0.46140.007 Aa 0.883%0.009 Aa 0.150+0.008 Aa 0.409=+0.006 Aa
anicle
Gt
Totl 2.67940.077 Aa 0.80640.010 Aa 3.80640.148 Aa 2.347+0.051 Aa 0.620+0.010 Aa 3.707=+0.033 Aa
ota
i
Sheath
q 1.398+0.007 Bb 0.299+0.011Bb 1.31540.008 Bb 1.223=+0.009Bb 0.243+0.008 Bb 0.897=+0. 008 Bb
an
leaves
E
T, S 0.24140.007Bb 0.21640.005Bb 1.74640.013Bb 0.18540.004 Aa 0.161+0.007 Bb 2.006+0. 120 Bb
Stem
il
Panicl 0.76440.014Bb 0.16340.011Bb 0.37940.009 Bb 0.72240.004Bb 0.137+0.010Bb 0.342+0.010 Bb
anicle
#it
Total 2.403+0.065Bb 0.67840.022Bb 3.4404+0.028 Bb 2.130+0.062Bb 0.541+0.018 Bb 3.2454-0.011 Bb
ota
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Fig. 3 Dry matter accumulation of aboveground plants in each hole in different soil environments
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Table 4 Differences in yield components of rice in different soil environments
s B T R BE KL/ (A /m®D g TR X .
A , . . (i 0 THRLTE /g Hig 7 H#/ (kg/hm®)
. No. of panicles per unit ~ No. of spikelets per ) . ) ) )
Soil type . Seed setting rate 1 000-grain weight Theoretical yield
area panicle
T, 354.4+1.48 Bb 111.340.82 Aa 91.24-0.49 Aa  27.3=%0.05 Aa 9 809. 0+ 36. 87 Bb
T, 386.14+1.93 Aa 107.640.78 Bb 89.5+0.82Bb  26.740.08 Bb 9927.4+28.24 Aa

J&i 20 F1 25 d FF R ADPG £E B B8 1k i (14 B 15 1
Fm T T,(P<0.05), o] i M V€ By & A Wl 1 B 15
HMET.2Z22A8E , WHAKRBDTOZMHET
ADPG £ W5 R b B A1 0T PF U B & 0 6 A FF R
R G W Re R R B R B TS . AR b R AR
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1.20 |
2
£ 100t
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Fig. 4 Activities of key enzymes involved in carbon and nitrogen metabolism in rice grains in different soil environments

2.6 FAEATEFENBAETERRERREY

RVA $EE B9 5 i

HI 2 5 ) 1, AN A R AR R, T R AE B 5
ELEEVE R & i IR A R EE AR AR S T A R
PR 2 5N 3 R K R AR RV 48 s
EE T T,(P<0.05), FEEAKRR EHE HEAY
b W E T T.(P<<0.05). Wik, T AEk Bk
IR R AR R R AN

&S AT, T ARG K 17 Fh & R 7 1 i 3%

T T.(P<0.05), Hh & 2R N & /R 78 A TR . 5+
SR LR AR R R 6 Fh R a6 T
M2z , 6 Fp 2 JL R & 1 43 il = i T, 13.89% .22, 22% .
21.05% .26.83% .20.93% M1 17.65% , W& FWR &
W T8 24, 24 %

H 2 6 I, R F R HERREE T, TR OK T K
Ca.Na.Mg.Fe.Zn.Se &t 43 5| [k T, i 12.6% .
1.8%.54.3%.21.0% . 300.0% . 10.3% . 70.0%
(P<0.05). JuH:LLFe fl Se & & b T, i M i B 4
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Table 5 Main quality characters of rice in different soil environments
. BB TR &/
TR HiRE A/ R AR/ N TR N /% (/100 2
Soil type Brown rice rate Head rice rate Chalky rate Chalkiness degree & &
Amylose content
T, 83.940.497 Aa 64.440.170 Aa 18.8+0.510 Bb  2.740.125 Bb 19.5940. 254 Aa
T, 83.1£0.125 Aa 59.240.082 Bb 24.84+0.579 Aa  5.140.141 Aa 19.95+0. 048 Aa
+HEA ME A SR/ (g/100 @ Mg 5 & &/ (g/100 g) B A8 /mm 1R T
Soil type Crude protein content Fat content Gel consistency Rice taste value
T, 6.3340.022 Ab 0.240.047 Aa 74+0.471 Aa 844-0.943 Aa
T, 6.524-0.024 Aa 0.340.047 Aa 7240.471 Aa 824-0.816 Ab
1.40
T, WT,
1.20
1.00
|5
= 0.80
o
)
é‘) 0.60
E’D 0.40
i
4o
0.20
0.00
Y&Q & w«z‘ RN VSZ’ %d? i~ & 1@ @"@y@ & 0\* &S %@‘ @w@ &
R
/\/@‘ )ﬁ(;%\ /%@“ %/%) 4&@“ &@‘“ ‘@“ @—“ %@‘“ % @“ W%? Na
£
AN Amino acid
5 ARLTEFRBETHEANEERESS
Fig. 5 Amino acid content of rice in different soil environments
R A 6 2R A A 3T TL(P<<0..05) . e S o (TG B2 L e 2R B S A I A
MR 70, R ) SRS  REORFFRLIE S R T T.(P<<0.05), WW%E*EEE%T%? T,(P<
RVAREEAFAE—E 225, TR K FFRIVER AU 0,050 T, - 38 W7 iRy s 3 B 9 WA R0 KG B2 T s, 1D

£6 FRALEFETBATELER

Table 6 Element content of rice in different soil environments

REp: SR
) K/(mg/100 g Ca/(mg/kg) Na/(mg/100 g) Mg/ (mg/kg)
Soil type
T, 68.6+0.785 Aa  79.240.898 Aa  1.99+0.043 Aa 106.0+1.320 Aa
T, 60.9+1.452 Ab  77.840.939 Bb  1.29-£0.029 Bb 87.6+0.858 Bb
1Al
) Cu/(mg/kg) Fe/(mg/kg) Zn/(mg/kg) Se/(mg/kg)
Soil type
T, 1.2+0.082 Bb 1.24£0.047 Aa  12.940.492 Aa  0.017+£0.001 Aa
T, 1.7£0.047 Aa 0.34+0.082Bb  11.740.205 Ab  0.01040.001 Bb
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P i T VE R 04 2 K BE T, ) IR R AR T A EOR B
Bl AL [0 A D 45 i o, 2 A 00 28 8 H A R DR TR
AT S D PEG RAR R . L L, T R

358 300 2o i e R ORORF AL S o ) WA (DR B2 I AR R L B
oy ) o ARORG B2 2 U AR | 81 T HE A5, R4 T 1 A A
FEL AR A 10 78 8B W i T

R7 AETEIFE TREKIFHIEN RVA FFEE

Table 7 RVA profile of rice grain starch in different soil environments

R Wi A i 2 /°C W {L K 2/ (Pas) W . FRF 7] /min I IR B/ (Pas)
Soil type  Gelatinization temperature Peak viscosity Peak time Minimum viscosity
T, 86.3£0.125 Ab 2.368£0.006 Aa 6.2£0.047 Aa 1.46040.003 Ab
T, 87.2+0.094 Aa 2.234+0.007 Bb 6.240.047 Aa 1.488=0.005 Aa
e 2K/ (Pass) I AE / (Pa~s) [l 4l / (Pa-s)
Soil type Final viscosity Attenuation Retrogradation value
T, 2.105£0.013 Bb 0.618=£0.003 Bb 0.7552£0.009 Bb
T, 0.774£0.012 Aa 0.774£0.012 Aa 0.880£0.005 Aa

2.7 JKFEEHR NP K FF 5 WY A0 4 B iR R K ¥ 4

AR XEEEEELSERARHNE

ES kS

Hi 2 8 AT, K A il B 9 NP UK SR i
FLHEVE N & R G PE AN B3 KA 57 20 ol 5 1
Rl R A SR AN B3, N IR WS B R VA A G 1
AN BRILZ A AR AR RS NP UK SR I
A5 A R K A BOPEIR 2 B S OB R A IE A G
A G (P<<0.05) . JRCH BT ) B B 5 1 RS
AEHE VE R A R A G E S WAL 5 Al R K
Jo P AR B B A S B A 2 ) T A G SR S (P <
0.05) . JRBUY B LT Y& 5 H B TEH & & R
JE B RV AR OGRS 3 IS A A K A
EERNSL IE A T NS SIS AR IS
(P<<0.05,

132 9 AT, AF R T ADPG 2 B 12 Ak 1 5 1 5
HBE AAR MR 3, HLAE RS 15 d GRS R
5 EEEVE R & AR W3 TE ARG 25 d S
Ja 1D 5 B RPN A OCPE R 35, 5 LA R K A
PEOIR 5 2 BB B 0 OE AR OC Bl A G
(P<<0.05,P<<0.01). ALk JE A A b il 7 9 K i
R 5 RS S OGRS 25 A0, 5 AR AR K ) Jo
UNCERTE SR TE AN P Wi NI
Je 393 00 55 i AR K st 5 ER G A O R R I
TE Y 0 S AE T S R 4] T R R ELBE TR A A
JEE B B2 BT R B A R OGRS 3 T G A A K

Jo P bR 5 B A 5wl S Y TR AT O B G, AR
G WS BB TR & B R RARE R
F O A IE AR S BT OC . A R LI A R
Fr 5 RE R ELEETE M A i GRS 25 DA RPEAR
EE R SRR (LY E SN cR /N R R 3 R ST D)
IEARSR B ARG o £5 b K A AR X NP UK 3R 0 1Y
W W T AR 2R Bk e SR O B i R AR AR S
K PR OC R BV, D T R Kl BRI 45 o

3 4 @

KRG G A A 7 7R R 3 R OR B ok
SPAD 7F — & B B I J& S WA IO & A2 7= g ) 1 —
DI S o I Ny o S S I T A e = i
A CT D YK R B SPAD ¥ 8 2% 5 T 38 A M
H (T (P<0.05), UM 5 T A0, T, Fi A 451 F
T R TR 45 S K R A MR AT ORGSR, B
BRI AN 25 BEASHRAL N P UK IR 4 Y W A A R
WRIH T Too ARFIEFE | F B SF P55
F 95 ¥ 46 AR S IR EE X KRG T4 A R B
FHRM o XA IR A, A 3 A ARG A
B0 e 0 AR Y e S BOK RS 77 a0 25 5 i K R
HEEETYREBERE SR S-SR
Py B AR S AR R RIOR A S 9 4 Sk il
Tl 2 AR B T T AR S KRS ™ % U0 AR
5o ANk AT 5 5 KRS R R B
AT A K B B T 5 R 2R B B S R . A F
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Table 8 Correlation analysis of N, P, K uptake and dry matter accumulation in rice plants with rice quality

5 Late heading stage

A Maturity

B[R
o e
Index N . « T e
Dry weight per hole Dry weight per stem
k% 2 Brown rice rate 0.86" 0.76 0.66 —0. 64 0.88"
HR5 K % Head rice rate 0.88" 0.94™ 0.99” —0.99” 0.917
-4 2K & Chalky rate —0.82" —0.92" —0.99" 1.00" —0.82
J [ ¥ Chalkiness degree —0.917 —0.94" —0.98" 0.98~ —0.90"
HAEEE R & B Amylose content —0.71 —0.70 —0.68 0.73 —0.56
HLEE 1 Crude protein content —0.81" —0.96" —0.96” 0.97" —0.86"
JE B Gel consistency 0.79" 0.95" 0.88" —0.92" 0.74
BRI Rice taste value 0.45 0.80° 0.85" —0.87" 0.49
SARE R . . . .
. . 0.80 0.90 0.95 —0.91 0.91
Total amount of amino acids
A i B “
L —0.86 —0.87 —0.98 0.96 —0.88
Gelatinization temperature
W (LR .
. . 0. 86 0.94 0.99 —0.98 0.90
Peak viscosity
FRACKG 2 " . o “ o
o . . —0.94 —0.87 —0.93 0.94 —0.91
Minimum viscosity
I 2R BE Final viscosity —0.92" —0.89” —0.93" 0.957 —0.85
A Attenuation —0.89" —0.91" —0.99" 0.99" —0.89"
[ 4 ff Retrogradation value —0.91" —0.95" —0.98 0.98" —0.91

TE =Rl Gl o8 100 F 506 B KFo T,

Note: ** and * indicate significant levels of 1% and 5% , respectively. The same below.

SR B BT -RA AT ST &M
TKFE TP R R LT T.(P<<0.05),
SO K R S ZBE AR JEAL T T.(P<0.05) 5 1 1 F
T, H3EHE 2 WA KRG PR BE 2R R0 T T, X
AR A T 264 KA Y B 25 0 o7 B 3R e ) 28 i, T
I B ZE OB (0 9 H 4550

EH R LR, ADPG £ W 02 fL i . 7T %
M VE B B B L E B A S A A e A e A
FFRLVE A3 R AR 10 01T ) OGS il , T K R v B
o R0 T A A RN R AR 2 A R T AR s
Hh R E R B B R UE A 43 S R R R TE
Wy e 28 B AR O T RIS A R R

W1, 5 T MIEE, T4 F T ADPG # i 2 1k il A1 A 3%
PETE R A B 7 FE R 2 300475 BE AR R A v S
P A S B B IS R S A TR SR R oD S
PEY T T,(P<0.05), X F M T, 4 T K
FERL e AR 15 5 B i 305 M AR Ak A A 1A R T A L
TE R R U A R S B TR T, 78 &g K S
Wt BT R OK JT R % 5 U7 A AR 3 22 R, e i L
JR R AT REAE T T, 09 RAR 9+ & F | 19k &
HAb#H FiocE . Hod, T, 280 b ah 85 8 8 B
Mot RS8N EERT T.(P<0.05), {15/ Kk h
PR EITER F R R E S T T.(P<0.05) ., &k
(75 SRNE S S | 3l S B R I o o S A O
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Table 9 Correlation analysis of key enzyme activities of C and N metabolism in rice plants with rice quality after heading 15 and 25 d

, NN . BE o3 ST . A
ADPG SEBERILEE I PEVE R & A AT BN PG
1EHT ) Starch branching ) :
ADPG phosphorylase  Soluble starch synthase Glutamine synthetase
Index enzyme
15d 25d 15d 25d 15d 25d 15d 25d
B %
. —0.70 0.68 —0.75 —0.15 —0.69 0.41 0. 60 0.66
Brown rice rate
HRE AR " H W . - -
. —0.99 0.88 —0.98 —0.05 —0.95 0.63 0.96 0.99
Head rice rate
FE R - . o - o e
0.98 —0.86 0.96 0.03 0.90 —0.73 —0.98 —0.99
Chalky rate
) 0.98 —0.88 0.98 0.04 0.92 —0.72 —0.97 —0.99
Chalkiness degree
L E By A . . -
0. 60 —0.80 0.76 0.39 0.50 —0.96 —0.79*  —0.74
Amylose content
HLE &
. 0.99 —0.81 0.94 0.04 0.92 —0.58 —0.90 —0.94
Crude protein content
JBe A4
. —0.89 0. 80 —0.90 —0.17 —0.73 0.84 0.90 0.89
Gel consistency
BRI
. —0.80 0.68 —0.77 —0.15 —0.72 0.61 0.81 0.81
Rice taste value
RAETR e - . e - . o
. . —0.95 0.82 —0.92 —0.06 —0.98 0.40 0.84 0.90
Total amount of amino acids
il A il B . . . . . .
L 0.93 —0.94 0.98 0.14 0.94 —0.65 —0.97 —0.98
Gelatinization temperature
U {H K BE Peak viscosity —0.98" 0.89" —0.98" —0.09 —0.97" 0. 60 0.94" 0.98"
I AR B Minimum viscosity 0.96"  —0.81 0.94™ —0.10 0.88" —0.71 —0.95" —0.96"
5329 1 " o o . . - w
. . . 0.92 —0.88 0.95 0.07 0.82 —0.84 —0.98 —0.97
Final viscosity
Tk E Attenuation 0.98" —0.88" 0.98" 0 0.93" —0.71 —0.99"  —1.00"
[5] 4= {ii Retrogradation value 0.98" —0.89" 0.98~ 0.07 0.92" —0.70 —0.96"  —0.98"

ek JIE X R K it TR W B R SE I SR 45 R R WL RE R S B RVA G SHORS B2 v JRORG 2 T B fEL L Bl A2 {EL Y
AT LARZ WA RS OK A BOROK R KRN (R AR Ah BT T SOK U R M B RS G M2 SRR X
Btk . ABEFE T TR K M RERE R A L PR BRI A T S 1R e IO A TR P E Ah
WSS T2 S AR RERILRAREA WA ERIE S, R R ERR B R o B0
TR EE R TSR W R Rk . A5 BT RSB A6 R AR AR ST AR Y AR (L

RV A I 5 AE L5 R R B UK o 0 (8] A7 7B O U 3 ol 0 0 [ 52 i 55 R A L A A e b s I A K 78 &%
MOC 2, B A B S5 E I B, S O I AT S BE R BT g5 o B RSE AR M B AN SO R
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AR, RV A RFAEAE 5 R K BELAL & 5348 B 0 114 BB T
B O R G R D) TR UE R AR R R
Tl o A 0B /0N T ¥ JBE 28 B Il A2 {1 R 98 D {1
Ko RBFFEEERFN, T, 5 T, 76 WK RVA & FFAE
AFTE—E 25 5, T, 0 58 T4 = KR U A 1Y 6 RS
B TR E R T A ARORY BE  E uA  ml AE(E SE S
BRI T AT I T A B RKOK A R T T B, X i B
RVA R REAF 7E — 52 2 B T 2 3 2 52 oK IR A 32 4k
M R B IR GRS RR R E TE m ROR R AR
RS

4 4 it

AMCHECT ) EGEFREET |, KRR E 2% 0 AF AR
A R B IR I AR R R T R
MREHRFSGTEARBT)(P<0.05, H T,
TP B A O Bk T T35 1 19 5 Ak 4 AE 5 R T A K
T8 R BT . TR K 22 P 3 R B 3% 0T
ZHBEWMEEET T.(P<0.05); T FF K % 1k
G EAR T TL(P<<0. 05), 11 8k K 2% g 3%
T T.(P<0.05); T, 4 48 ] £ = A 38 By 1 e (.
R B2 T) B 838 AV S5 AVORY B o il (1 [l 24 8 55 U2 A
RVAFRAF(E o Z5 1, KR A 3 i B2 v v 3K 45 5
WK FEAE MR OG B B8 BOKRE 22 T W) I fL B0, {2
HEAE MR A5 TR XF NP UK 55 4 B KRG o+ s 5
TG F W WOCRT R B8 B R R A G AR a5 G Bk e 7
A VHE e 235 S ) T TS 0 0 T M 3 G AR 3 R
PN TN

A
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