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Table 1  Effects of different treatments on
the processing qualities of rice %
s Bk WOk R
Treatment Brown rice rate Milled rice rate Head rice rate

CK 78.1b 67.6a 65.2a
NPK 82.0a 69.9a 67.9a
M 80.6ab 69.3a 67.9a
MNPK 79.7ab 68.8a 67.2a
RNPK 79.7ab 68.3a 66.4a

T RPAFENGFRFRAEBIEAE 0.05 /K- F 225 8. T IH
Note: Different lowercase letters indicate significate difference between
treatments at the 0.05 level. The same below
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AT, 4 PSR TR (£2), 5
CK #itb, M 5 NPK AbHE, ol TROKIEHE S
Wk, KIEE, Hrb NPK AP B R R T
23.7%, EFRERNET 18.5%, KIe 4R 0.1 4
F 4. MNPK 5 RNPK Ab B X BEAR HL AL 5T
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Table 2 Effects of different treatments
on the appearance qualities of rice

Qb3 L (%) SEFPRIZR (%) KFEL
Treatment  Chalkiness degree  Chalky grain rate  Length/Width
CK 5.9ab 15.1b 1.60b
NPK 4.5b 12.3b 1.70a

M 4.9ab 12.4b 1.63b
MNPK 6.3a 20.4a 1.65ab
RNPK 6.1a 19.9a 1.70a

P RE R FORR AT IR T 22.2% F139.2%, B
P TR
2.3 A EEIEAEIIFEKEE BRI

I MT 85 K E, A TR]ite A Ak 3 X A oK 78 2
B A —EEFHRCE, NPK. MNPK 1 RNPK
AR TR B 2R T, MOALEE A B B ek
MK FEZEZ S (% 3), 5 M Ab i H Bk E R &
1E 15.1%~193%, 5 CK #i e, RNPK 5 NPK 4b B
3 IR T RS K BV & i 2.3 T 3.7 N A 4R,
MNPK AbHEFEK EAEGER & BEAK T 7.4%, M AbEE
EEEVER SRR T 2.1%. TEAEXS RS K R B &
BWRMEEA —ERm, 5 CKAML, NPK 5 RNPK
Ak H R B B 4y 2 T T 5.0 A1 3.5mm, NPK A4b #
F MNPK 2 BB 42 T 1 3. 7mm. 5 CK AH I,
NPK, MNPK, RNPK b B[] 72 2 52 T R oK Bk
{H; M ACBERE K URIEAEE CK TR 1.4%, HIB K
T NPK Fl RNPK AbBH
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Table 3 Effects of different treatments
on the rice cooking quality

b g HEERM S (%) JEHIEE (mm)

BIR(E

Treatment Amylose content Gel consistency  Taste value
CK 18.9a 77.0b 72.0ab
NPK 15.1¢ 82.0a 73.5a
M 19.3a 76.5b 71.0b
MNPK 17.5b 78.3b 72.4ab
RNPK 16.6b 80.5a 73.2a

AFIACALTE, FEAK RVA SR IE(EE(E 5 |
PR R A ARSI, BRI IR (E A
THBEYIAREL (R 4), ATILGALRRRE IR ARDR &
Mept, Hodh 5 CK A EL, NPK 4bFRFEK RVA 3545
TEE T AR T1eP, SABIEROR, (015 (ATt
HEAG, 2055 CK BEAIK 115 F1 185¢P, FLMIfLIR
£ 702°CHEME, XMRKREWENGEENREE. 5
A NUIEAIEL, A AUIE it 2 I R oK
HZREE, PRI RO e, R E Rkt
—E MG
2.4 A EEEAIEITEKE FRRAENE

AN [) it A A BB A K3 % i B I K (3R
5), M. NPK. MNPK #i1 RNPK 4t F A % o3 1 F
AKEFEM I, 5 CKAH L, NPK, MNPK F1 RNPK
VUBLIBaRTE S ) | W =P NEORw & o1l )
41.7%. 23.3% 1 66.7%, Hrp RNPK ZbBR &K ik
s (10.0% ). 5 CK MH, NPK AMFRAE K& A
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Table 4 Effects of different treatments on RVA characteristic spectrum of rice cP
WA GEE BRI AREE BB () s P i

Treatment Peak viscosity Hot paste viscosity Cool paste viscosity Gelatinization temperature Break down value Recovery value Setback value
CK 2451c 1 706¢ 2 726a 78.4a 746¢ 1021a 275a
NPK 2601a 1784a 2691h 70.2h 817a 906¢ 90e
M 2 495b 1 746b 2 720a 77.4a 749¢ 974b 225b
MNPK 2 518h 1750h 2 710ab 75.7ab 768h 960h 192¢
RNPK 2 528h 1759h 2 700ab 73.9ab 769h 941h 172d

R ER S T 0.8 4N E 4r 4 ; MNPK A1 M 4b#
FOREA G RA IS, 15 CK ZR2MEARE .
4 Fita AL BRI PR = T ROR S LR M &, 5 CK
FHLE, NPK AMFRE5CR ST 1 69.4%, iK%
K s 4 i AE A PR RDREE AP C R & 3,

M AbFREE CK A3 FIBR ST 28 % 1 23 3 i 81.1%
1 60.9%; 5 NPK, RNPK F1 M 4t # 41 b, MNPK
SO AR K EC R B . MR S WATEH,
NPK AbHi Mg/K i85 K, RNPK 5 MNPK b FFF K
1 Mg/K 225 A2

x5 FRESEMEREFRBRHZM

Table 5 Effects of different treatments on the rice nutritional quality

AbFE Treatment 757K it Water content (%) % [15{ & it Protein content (%) Ca (mg/kg) Mg (mg/kg) K (mg/kg)  Na (mg/kg) Mg/K
CK 6.0d 6.7h 29.1d 184.8d 770.1d 13.6d 0.24d

NPK 8.5b 7.5a 49.3a 326.7b 1 126.5h 21.9a 0.29a

M 6.2d 7.1ab 38.5¢ 334.6a 1239.4a 19.4b 0.27¢
MNPK 7.4c 7.0ab 43.8h 287.6¢ 1027.2¢ 17.9¢ 0.28b
RNPK 10.0a 7.4a 42.0bce 283.4¢ 1012.3¢ 18.9h 0.28h

25 FEXKmBEIREIRIEXIES T BERA RO RGO R R BRI, LHE

REA A SRR E] B ARSCAE 0 (R 6 FIZe 7)) HEphiRE W IEM R R, RIELS ¥

R, RORRERCR GRRCRER B EIEMOOCR, . BPRRHDCIEA R, BERR ROARR KBS
R6 FEAMI. SMURBEMERS RkaRRIEFREREX I

Table 6 Relationship between rice processing, appearance quality traits and taste quality indexes

BOKRFE OKPRE BRDOR ko B KOl WA EASE Bk e R HeE
i H Ttem Brown Milled rice Head rice Chalky grain Chalkiness Length/  Taste Protein Amylose Gel Setback
rice rate rate rate rate degree Width  value content content consistency  value
Milled rice rate 0-987
HOkE K- 2% . .
é?{%?fﬁﬁ 0.923 0.954
Head rice rate
BEARE -0479  -0488  -0365
Chalky grain rate
A .
Chalkiness degree -0.781 -0.775 -0.653 0.921
KLt
Length/Width 0.507 0.390 0.261 0.202 -0.108
BWR(E Taste value 0.338 0.243 0.054 0.254 0.006 0.926"
. A~ L
&1 Bi_ H 0.808 0.711 0.638 -0.116 -0.459 0.876  0.668
Protein content
AN = AP =N
FLBEGERY o il -0.596 -0.517 -0.339 -0.089 0220 -0.935" -0.956" -0.803
Amylose content
Jwﬂg , 0.591 0.477 0.313 0034  -0265 0984 0921 0.895" -0.955"
Gel consistency
THIRE Setback value -0.843 -0.785 -0.658 0.100 0.456  -0.860 -0.784 -0.910° 0.930" -0.899"
P b=l
WAt i -0.846 -0.755 -0.599 0.360 0.650 -0.824 -0.690 -0.942 0.831 -0.897"  0.920°

Gelatinization temperature

TE: T AE 0.05 ACE FREMDE, T AE 001 KT B R EMDE, R

Note: " is significant correlate at 0.05 level, ™ is extremely significant correlate at 0.01 level. The same below
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Table 7 Relationship between RVA spectrum eigenvalues and Mg/K in rice
) AP R PR PRI TR i RAE THIAE M5 {8 Lk tainY:-S
WiH Ttem Peak Hot paste Cool paste Break Sethack Recovery Gelatinization
viscosity viscosity viscosity down value value value temperature
PILFHE Hot paste viscosity 0.965"
VIEFEE Cool paste viscosity -0.957" -0.926
HAf#AE Break down value 0.964" 0.860 -0.920"
TS Setback value -0.998" -0.963" 0.973" -0.962"
[1] 42 {§ Recovery value -0.978" -0.992" 0.967" -0.895" 0.983"
ML Gelatinization temperature -0.920 -0.887" 0.888" -0.887" 0.920 0.902"
Mg/K 0.892" 0.967" -0.874 0.753 -0.895 -0.952" -0.746

KR GEHFER AR, ] WINT BT
I, REORINILES B A — e B . AR & it
L5 IR L 2 AAOG, RROK BB D 5 H AT
ARG, Zead Ja ARz, EH
S B RO, SEWRELRIEMIE
A, AXARBRERY, SRS, EREREH S
R EIREAEIRCR, HHATECRIEA
W9,

RER RVA SR (T D AE 5 0 A TR 22 Wl o
IEARSRORAR, R B BARARTK, A
N, FOREIRMER L. Mg/K 5 RVA JEFFE(E
WE(E RN B W IEASE, SAMERIERSE, 51
PRS0 AT . DB 5 IR B M i (L
EWRFIEACCR:; SREFE. WILRERE R
FHORSE, HIHIEME . I {EEAR W T E

3 iipSLL

ABIETE A B, AR T T i 52 it JES Ak AL )
MR, (HAARREBER AR, Al AE SRS
I SRR AR R IR AR A A G R
KR EGRERREM B FIEARICR, B, ik
REGHRPARE WFIEMER . AR IERCHE ]
AR S8 AT RE A R PR, [ B ) e e
KRR (KIEM), $a T RRAMIL BT, R
WU RS R, A HLIE S ARIEECHE, siE AR A
VUL LIS, RS, SEE2A P, SMLE
JR2 g ABFTEATR MR, SIS ARSI
AR, A LA ECE B IEANRS AT ik TS
it 2R B S A L ) ORGP R R R IR
B, FURUA AT RESE A HLICHE F S A HSE S T
TERERINERY, SEOKREAE S L S R B Y
ARGE, SEARSEIAERIEAE, K
FEAR SN BT

JEHARE | ELEEEA AR (R PPN R 2R
URT G- Sl L LY ST ST e
AR 5 ERETEA SR, ORIGBAA R

BRI . ATIFST R, EAEER S RAE 20% LA LY
FEK, OROR RS/ . A . Pk T4 . G
JeRE . Bk P MR ORER I, ELAEE
By eI, RUORGIEREE, Bz, BRRERD
SEPRAIEE I A, TR AR R A
FIRRL R RE B A AR DGR TR R Y, BR
e, A SO, TR I A Y RIS 2R I R T R A
ARARR AT R i B RAEL

ARHFFEHT, 5 P ALl AR A B G A K T B Ty
FEAE 15.1%~19.3%, AT FEZAR TR K TS
W BV, Horh NPK RS FRAS K 04 B BE M &
A%, ERERE, MAFIRE T RDK HATER &
BRI R MO EE SRR, HBETEN
SR R RE A, HEEN SRS, M
KRR A 2, IR, REEG LT
BRI ER, EEAR Y=, 2
Fhib G, BCE S SR P, EEE AL
REFRATBEICENE A, T LAy 1 i e VR R A
FIFH, AR TERIEA TR SR B, 12,
A RFZA NP ] REE T E A 8, MRS
oK il Bt P A 2 AE A BT 3% 43 R PR AR A
S AR B B R R 2 i,
LA D EME T8 A WAL S5 A AE it e picss e
KRB AR 220 ARG ZE S BT SRR 2
i Bt NPK>RNPK>MNPK>CK>M % 7§ Ji] % 5%,
VEIATEFR B AR b i b RE Rl A A
T XS FEL K it T T O E PR e by, A DU R s
SRR At AR S S IR K ] BE IR AP e
—EM TR, L, ZERFT R B R FH L 5



BEE 192 8

256 5 - A HUIEFIRS AT FHO0E 2R I IR T SR /K e 8 77 5 B AR ot ) S ) 87

TR BE, SR AT HLAEES & M Sy (O RIAsE, N i
A VUIESH RS R, XA PR SR
et 1445 ) e th 17 3 e iR B A TR AR S o

ABFFEH, 4 Bl IR BRAT R S T Rk Sk,
it RNPK b #FE K 5 7K e 5, NPK, MNPK Al
RNPK A FEXFREK S 7K i . 2 & A I B
U, SR TERIRTK, AEZEE TR &R A
24, HEmE SRR RS, S R, BORDK
S K TR PR K B PR ERR  8. AEokrh R
HB A m, RO EE SR, AU R &R
FI A A g, NI RER B il , A
AFFEH M 5 MNPK BRI e T RS K B (1 5 o
(HEEFHIEEE YA, ATRE AR [ B, S
eSS EIAEE2E, AKRENTRSTEE 5 TR

A W5 AN RVA 15 R AF (B A R K 35 D8 A
JiR A B BB DE M S B R A B i A
5 T8 S SRR g 3 4 R A U {28 R
fEdER R, WIETREE AR 270, g BN RE K
A SREK RVA ERRE (A I35 I B A 56
B B AR A SRR, RKIHIRE S R A R A
IREEE AR, 5 EBEEN & i W B A
Ko BEASR PRFITIAH, A RS I ERE
TR (ERah S R A e S 0 3 R OG, S5 Da( E A
WEIEASE, TR R n] RS g AR ) 1 A
PR - 3R A 56 W SCHESE P BRI A AR K
H PG RBEM LUl R, RERRG PERR, Tkt
SA R, Mg 5 KT Z A0, B S5 8TF
FEMRIVERT, Bl AEARIAR N BEMR B T, B AGVR
FER AR TS, RGN P . A
TFF 5% 2 WA 20 it AT A B Mg/K s O RE K, I 6
PRI o0 R o (P R XTI, TR, TR
(EHAI IR BRI, ROREIRME . L, NPK
AR Mg/K feim (0.29), LK RVA 4,
NPK &b BN R A R HIRCR B

KA HLAE SR FHA H X REEVE 3 ™=,
s AR ) B, KRR LA HLST A A i A
v, HRIR 8 0 A il i N R, TR R
P b N S O RS R SRR A B ARBIFITIA
S, PR MU SRR R, REFRE AR FEAE
R, FEORER BTG i e A B Ve e D i A 4l it
QA5 3 SO T W [ 0 == 7 2
T4 A T 1A A A T BRCHE R RIS 1 3 LAk
SRR S, IR KRR 435 A I

25 BRIk, SRURHAS I ph T R A A
ARERZ M ER AR IR I, IR, I
BCREARESR AR ™ 5, I FLAT B i R ol
o AHUALHE FFIRS Rk AT REXS B AL A AR R
B, AHREII PR AR M A AR BT
Hifdhe A SR BB FAnfar BB AL A A K
AT TY, A Rl K A P

S0k

[1]Indira C. Effect of nitrogen fertilizers on growth,yield and quality of
hybrid rice (Oryza sativa 1..). Journal of Central European Agriculture,
2005,6(4):611-618.

[2)FERREA, BOSLSL, YU i B, 55, FEoREE BT 3 ik S e e R R A
FEikE. VEA%E,2011(6): 1-6.

[3]JRao Y C,Li Y Y, Qian Q,et al. Recent progress on molecular breeding
of rice in China. Plant Cell Reports,2014,33(4):551-564.

[41ZE AR AR, SR AR, 5. VL3RR B BT A R AR 5 %0 5K, L
77K AE,2007(3): 14-18

[SIZRLER, T AT, L, 55, BURIESEEL 3 n 2L, Do B A it
gy, O BRI S X A, 2013, 34(6) : 70-73.

[6]Chi C M,Zhao C W,Sun X J,et al. Reclamation of saline—sodic soil
properties and improvement of rice (Oriza sativa L.) growth and yield
using desulfurized gypsum in the west of Songnen Plain, northeast
China. Geoderma,2012,187/188:24-30.

[7]Huang L H, Liang Z W, Suarez D L, et al. Impact of cultivation year,
nitrogen fertilization rate and irrigation water quality on soil salinity
and soil nitrogen in saline-sodic paddy fields in Northeast China. The
Journal of Agricultural Science,2016, 154(4):632-646.

[BEILAE , PR a , 1 [ A8, 2. N [l SR LS P i o it /K A 7
PRSI 2R Al HAALDFSE , 2010,31(2):216-219.
[9]Tan Y F,Xing Y Z,Li J X, et al. Genetic bases of appearance quality

of rice grains in Shanyou 63,an elite rice hybrid. Theoretical and
Applied Genetics, 2000, 101(5/6): 823-829.
[TOPPRAZR , A7 7 , S W] . BERR R oK S WL BIR B it ST PR S A
REMERIIRAG R 0T MEYI2EH,2003,29(4) : 581-586.
[ ERRA, a8k, 0T, A5, TRIR S R oK il BT 1) = DX 3R M xf
. LI KARE,2008(4):33-35
[12]4 TE , BRORA, IV , 256, A X R oK 2 B A R B
PERIRZNR. AP E 77 5 R, 2001(1) : 31-35.

(131875, SRS KRR AR R T B A B RESZ I 43 AT s bRl B

2008,6(1):14-17.

[14]3Ke , #5748 ZPE . ZRALM TSR A AR I 57 5 92 k. 1=

HEL/EY,2016,5(3): 191-197.

OSIXUPEE AR B IR, 4. G TR B R 5 /K R R R AR AR

ik PR, 2016,34(12):43-44.
[16]E#, H [E45 , sKIE2E , 45 FEFTIA OIS G0 X AR L Eh Bt i
RACRHIISR. T 5 X A0l iF5¢, 2017 ,35(6):209-215,283.
(7, BRSO VTR B, 55, IUTE 57 a0 o A X oK o S P 5%
M. WV T AR 447 , 2008(4) : 256260,

[IBVATLEA. A HL-TCHUIEBCHEXT KA 6 it BT A R NS 52
HEIE TR S HERE I, 2012, 18(1) : 234-240.

[1OIRRE, % E I R, 45, JEBTR AR i ST B A B Bk
AHCPEDFFE. HEK AR, 1997, 11(2): 70-76

(20128 — i, AR, B4, 55 BEEVEM & i SRR ST Rk
FANBTH I FR ST, N4 (Al SRR |
2005,26(4):52-55.



88 1EW) 24

Crops 2019 455 5 1

[21ERB W, sk, AR, 45, ECEEVER) & At i A 2% SORERE 4L A5 Y
REA TR, A2, 2016(6) : 44-48.

[2213K 22 BEEAE R, 55 R IRl HLI RS A HLRE Al B 52
W OB, 2013,41(22):9287-9289.

[23]Coggins A M, Jennings S G, Ebinghaus R. Accumulation rates of the
heavy metals lead, mercury and cadmium in ombrotrophic peatlands
in the west of Ireland. Atmospheric Environment,2006,40(2):260-
278.

[24]Nicholson F A,Chambers B J, Williams ] R, et al. Heavy metal
contents of livestock feeds and animal manures in England and
Wales. Bioresource Technology, 1999,70(1):23-31.

(25502, BRAR R, st 45, A UL R Bt X e K ™ it |
i SO S BRI 2 s . TRk B2, 2016, 44(2) : 122-125.

[2617=5%, XI5 , SR RS, 45, A HUAC XS 7K A B F i ot B UL A FH 3R
YR TR A R 4R (SRR RR ) ,2010,36(3): 258
262.

R7ZEI8, BRE , 5KE , 5. K TGRS IS RO TEM RV ARFE I IR
mi B S AR 2014, 42(4) : 55-57.

R81RIESE, #h53  HRE 22, 5. ZRAb =4 /K AE Mtk b et ot oh
FEIKRERF,2010,24(5): 531-534.

(291 B A, &7 Dog, Eeak, 45, FIFHRV AT Do S A [F] 200 B
TE R i R A 0 TE R R R T EKAE AR, 2001, 15(1)
57-59.

[3013K/NIT, A F518 ,  FRE. R K S My R P v ) A R &P
Br. thEKREREY:, 2002, 16(2): 157-161.

BT 55, 5K, XA, 45, B S S MR 1] AR SE 26 R BIESE. 1E)
Z&7.,2010(5): 60-63.

(3218555t FHAE KR 2 o it i 55 A ot T M bR Y B A DG 5347
PadbAR 244, 2015, 24(1): 60-67.

(33147 SCHE, Tk, TAR4e, 45, BEREXT KRR e S ARE K B
Rt T IS0, PHLAEA 2741, 2006, 26(12): 2473-2478.

[B41BLL, /N A E I, et Bl iRk, 2003 : 186.

[35 ] B2 30, X 25k, FEL A A , 4. AT H it ATLAC AR A T X -3
RIS 52 . rp AL B2, 2018, 51(12):2336-2347.

(361701 5 , THEIRE, BRE AR, 5. 308 FR 0 Z XA K S A S0
Ay FACALIFSE , 2009, 30(6) : 735-738.

Effects of Organic Fertilizer and Straw Returning
on Nutrition and Taste Quality of Rice in
Saline-Sodic Soil of Northeast China

Li Guannan'?, Huang Lihua®, Zhang Lu?,
Chen Jiaxing"?, Yang Jingmin'

(1College of Resources and Environment, Jilin Agricultural University, Changchun 130118, Jilin, China;
*Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences, Changchun 130102, Jilin, China)

Abstract The effects of different fertilization measures on rice qualities were studied by long-term field fertilization
experiment in saline-sodic soil paddy and laboratory analysis. Five different fertilization treatments including CK,
NPK, M, MNPK and RNPK were used in the experiment. The results showed that four fertilization treatments
improved brown rice rate, milled rice rate and head rice rate compared to CK treatment, and improved paddy rice
processing quality to a certain extent; NPK and M treatments improved rice appearance quality; MNPK and RNPK
treatments reduced rice appearance quality; N, P and K fertilizer combination could improve rice protein content,
water content and rice taste quality, which was the best in the initial stage of rice planting in saline- sodic soil paddy. In
summary, organic fertilization application cannot improve rice quality in saline-sodic soil paddy in a short time span.
Rational application of chemical fertilizers should be an important fertilization measure in the primary stage of planting
rice in saline-sodic soil paddy. The issue of organic fertilization application and rice quality improvement in saline-
sodic soil paddy is a long-term process, which needs further study.

Key words Saline-sodic soil; Rice; Organic fertilizer; Straw returning to field; Nutritional taste quality



