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Effects of Cultivation Modes on Yield and Nutrient
Quality of Rice in Cold Region
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Abstract.; Taking Longjing 46 and Longqingdao No.3 as experimental materials,the local high-yield cul-
tivation ( FP ), high-yield and high-efficiency cultivation ( HYHE ) and super-high-yield cultivation
(SHY) modes were set up to explore the effects of different cultivation modes on rice yield , protein com-
ponents,amino acids and mineral elements contents in cold region with the blank cultivation mode without
nitrogen,so as to provide theoretical basis for high-yield and high-quality cultivation of rice in cold
region. The results showed that the yields of Longjing 46 and Longqgingdao No. 3 were the highest under
SHY mode,which were 14.24% and 30.65% higher than those of HYHE mode,22.19% and 40.21%
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higher than those of FP mode, respectively. Compared with FP mode, the contents of albumin, globulin,
glutenin , gliadin, total protein in rice grains of Longjing 46 and Longgingdao No. 3 significantly increased
by 20.37% ,12.94% ,10. 74% ,28.26% ,10.04% and 26.79% ,12.90% ,9.96% ,27.45% ,8.72%
respectively under SHY mode, and the contents of total, essential, non-essential amino acids significantly
increased by 5.30% ,4.95% ,5.48% and 7.52% ,12.38% ,4.87% respectively, but the effect of HY-
HE mode was not significant. The influence degree of cultivation mode on mineral element content of rice
grain varied with varieties and mineral elements. SHY mode had a greater impact on Zn,Na,Ca and Cu
contents of Longjing 46, which were 46.77% ,48.56% ,69.35% and 56.15% higher than those of FP
mode respectively; SHY mode had a greater impact on Mg and K contents of Longqgingdao No. 3, which
were 63.18% and 46. 16% higher than those of FP mode respectively. The contents of globulin and glute-
nin were significantly positively correlated with Mn content, while the content of gliadin was significantly
negatively correlated with Mg content. In conclusion, the super-high yield cultivation mode could effective-

ly improve the nutritional quality of rice on the basis of ensuring high yield of rice in cold region, followed

by high-yield and high-efficiency cultivation mode.

Key words: Rice; Cold region; Cultivation mode; Protein component; Mineral element
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Tab.1 Fertilizer management and cultivation measures under different cultivation modes
PR N Ak Bk 42/ (kg/hm? ) 24 AT/ (kg/hm®) A HLAE AT/ (kg/hm®) FLEEY 17HE x 7CHE/ (em x em)
Cultivation Chemical fertilizer amount Compound Organic Seedling raising Row spacing x
modes N P, 05 K,0 fertilizer amount fertilizer amount modes hole spacing
No HAEH 30 x13.3
FP 150 70 70 WL 30 x13.3
HYHE 180 90 130 300 WHLE 30 x13.3
SHY 180 90 180 15 450 HE 20 x13.3,40 x13.3

BT AER 1 AH LSRG FC - 2K RIS 86 24 Hl
(YAMAMOTO) Jin T s A K, 7 A H A9 1L A A R A
R A PR VP - 32 RS 8 B K HL N TR K, B e
JH Fiy 2 T3 B 5 i 25 LA BR 28 7 42 7= 9 LG - 50 7
BN E , 23 53)4d 0.20 mm F1 0. 076 mm fLA2 7 ,
e HrH .
1.3.2.1 HEAFRMASLEAFRGE RHAZES
AU SR BOE X E A REA S EA R
FE AT SR IR, 2R FH L R 2600 0 7K e A L v Y
R, R RES5.95 WA AR & &
1.3.2.2 HKk@]m&E 218 GB/T 5009. 124—
2003710 5 kR A LR & A, A 6 mol/L [k
T2 7K il R TR R L R AL 2K R K 8 P 25 50,
TREWEAT B0 9K 5 A BER 110 CIK AR 22 h, ¥
KA A TR AL ) 50 mL 25 BN E A . IR T
1 mL F 5 mL &8N, B4 THEEE 40 ~50 C
THE . TSRS pHAE 2.2 BFF BRI 52 b
VTRV R VSRR 0,22 pum NE B U, B H T 5
B AR F A=) L - 8900 1Ry 3 24 R 43 T AL A 7
G307
1.3.2.3 W iomHE &/ REO0.5 g FEfE TH
VU SR 0 I f e R M 5 mL RS2 3 mL KR 2 i
b AL S CTE SO I R AL (WX - 8000, | ¥ Iz 58
ICHR B K S A B2 ) bR AT T i 0 R A
A5 50 mL K 5N E A, 3£ E Thermo Fisher
Scientific 2N 74z 7= i ICP — MS % By Ji& 5l 4 45 55 1
JEIEASCI 7E BE (Zn) (BE (Mg) (4M (Na) Bk (Fe) 45
(Ca) B (K) 4 (Cu) i (Mn) &1,
1.4 HBBESHITESH

B Excel 2003 1 DPS 7. 05 517 #k 4 %% ¥
Siit, R LSD yE ik 725 5 W E M #r .
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SEMR L2 A KA A 7 i 4 R Bk : SHY > HYHE >
FP > NO, B0 22 5 B3R 31 1 27K . ek 46 Fl e R
& 3 5 SHY B Ay =43 3k #) T 10 079.09 kg/hm’
111 067. 76 kg/hm’, % HYHE £ 50 43 i #4 p=
14.24% 1 30.65% , %5 FP #5040 i3 7 22.19% Fi
40.21% ;HYHE #5375 4 %4 8 822.96 kg/hm’
18 471.36 kg/hm” , % FP 55845 | 3 7= 6. 96% Fil
7.32% ., WL ,SHY Fl HYHE #0348 FP R |
HRR KA =
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Tab.2 Effects of cultivation modes on

rice yield in cold region

st Ao AIGAE Feht/ (kg/hm®)
Varieties Cultivation modes Yield
JeAH 46 Longjing 46 NO 5 607.92d
FP 8 248.90¢
HYHE 8 822.96hb
SHY 10 079.09a
Jo X FE 3 5 Longqingdao No. 3 NO 5 725.84d
Fp 7 893.54c¢
HYHE 8 471.36hb
SHY 11 067.76a
T« 7 50 8O0 J5 S [R) “7 1 7R [7] — AN [ b B3] 22 53 1 35 (P <
0.05), FId,

Note: Different letters after the data of same column indicate that the
differences among different treatments of the same variety reached

significant level (P <0.05) ,the same below.
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TS e SR K B SR B SR AR
M3 AT LLE 1,2 AR AR SRR 4 R EE B4 5
SRMBEARS S SHY SR, WER N
SHY >HYHE > FP > NO, Jp 4§ 46 SHY #5845 &
HOBKEH AEH BEEEE SR 58 HYHE
KPR 12.07% 3. 23% .6.50% 13.46% , 43 ) %
FP #8550 i 2481 20. 37% (12.94% .10. 74% 28.26% ;
HYHE # X 73 5] 8% FP 8 =0 & F W 7. 41% |
9.41% 3.98% \13.04% ., JEFKAE 3 5 SHY )
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HE A1 FP % 24 &8 %38 hn 16.39% .3.96% .6.83% |
8.33% % Fl 26. 79% ,12. 90% 9. 96% ,27. 45% ;

HYHE #2243 51 8¢ FP #% = 3% Jin 8. 93% 8. 60% |

1 FP R 43 50 5 2 18 i 5. 81% 11 10.04% ,HYHE
B FP RIS W 25 3 0 3. 99% 5 B PR AE 3 5 SHY
B 34 HYHE F1 FP AR X 5 35 16 i 4. 80% Fil
8.72% ,HYHE £izX%% FP #1003, 74% , % %~
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Tab.3 Effects of cultivation modes on protein components and total protein contents of rice grain in cold region
bt FE AR5/ (g/kg) ’
s L Protein components BEAT/ %
Cultivation = ~ .
Varieties EH HREA BEH (LR e Total protein
modes Albumin Globulin Glutenin Gliadin
Je# 46 Longjing 46 NO 4.72d 8. 14c 44.71d 4.32¢ 8.10c
FP 5.43¢ 8.56¢ 50.31¢ 4.62¢ 8.27¢
HYHE 5.81b 9.30b 52.13b 5.20b 8.60b
SHY 6.50a 9.60a 55.70a 5.91a 9.10a
KRG 3 5 Longgingdao No. 3 NO 5.00c¢ 8.90¢ 48.47¢ 4.92¢ 7.83¢
FP 5.61bc 9.30¢ 51.20¢ 5.14c¢ 8.03bc
HYHE 6.10b 10.15b 52.76hb 6.00b 8.33b
SHY 7.12a 10.52a 56.30a 6.51a 8.73a
2.3 HEEANEHMABHANIEBRSIENT I g it AR A IR F & 4 B # FP Al HYHE %
M4 A2 MR M ARG ER NS 7.52% 12.38% 4.87% f15.11% 9.66% .
L BRI SHY #5X a HER B it A7 (B R (O 2.86% .
IR AR EEIR e & R SR RN AR o 2 IR R 2 IR e 1 e 1 BT ;ﬁ?ﬂE’JFE‘FﬁU
AR ) FAE T A AR (R & JA R 22 AR A P Z AR , JeE 46 SHY #2175 2 iR s 2 1R

AR HER NEAR AR BER HER K=
W2 R ) i R e T AR T HYHE 6250
FR = SE TR S i 0 T RO AR 6 LR R X R FP
B A B i ,1D§ﬁKE% Xt FIEHE 46 T,

S B FP A HYHE #0148, 33% 8. 70%
F14.00% 8.70% , o BRAE 3 5 SHY #3757
R R A ) # FP A HYHE B hn 13.64% |
4.34% F18.70% 4.34% ,

SHY X1 Sk e i i L 7 S L R & i IE L TR HIA Y, 78 A R AR B 0, SHY #20] LA
R FEMR 8 BB FP ﬂl HYHE # X $2 7% 5.30% . W EHINAK b 2 8 1R 8 & 0 %5 R R 00 75 & 5 R
4.95% \5.48% F1 4.04% (4.02% 4.05% ;% T e i, S @ ROK IO 0 B 5B i, 2 4R v A OK B R
PRAE 3 51 , SHY #6850 A9 28 HE 1R 6 i | o fitn Jot
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Tab.4 Effects of cultivation modes on amino acids contents of rice grain in cold region %
N Je Kt 46 JEPCHE 3 5
e Longjing 46 Longgingdao No.3
Amino acids
NO FP HYHE SHY NO FP HYHE SHY
KITE AR 0.57 £0.06 0.57 £0.06 0.59 +£0.06 0.62 +0.08 0.52+0.05 0.56+0.05 0.57+0.06 0.58 +0.06
Aspartate
TNETR 0.24+0.03 0.24+£0.03 0.25+0.03 0.26+0.03 0.21£0.03 0.22+0.03 0.23£0.03 0.25+0.04
Threonine
24 5 R 0.33+0.04 0.34+0.04 0.34+0.05 0.35=+0.05 0.29+0.03 0.32+0.04 0.32+0.04 0.32+0.04
Serine
N 1.33+0.12 1.34+0.15 1.34x0.15 1.40+0.20 1.14+0.10 1.20+0.15 1.25+0.15 1.26+0.17

Glutamate
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Tab. 4 ( Continued) Effects of cultivation modes on amino acids contents of rice grain in cold region %
’ Je K 46 JERFE 3 5
HILMR , : .
Longjing 46 Longgingdao No. 3
Amino acids
NO FP HYHE SHY NO FP HYHE SHY
H & R 0.28 +0.03 0.28£0.03 0.29+0.03 0.29+0.03 0.26+0.03 0.27+0.03 0.28£0.03 0.29 +0.03
Glycine
RN 0.36 £0.04 0.37+0.03 0.37+0.05 0.38+0.05 0.33+0.04 0.35+0.04 0.35=+0.04 0.37+0.04
Alanine
Wt &= iR 0.14 +0.02 0.15+0.03 0.15+0.04 0.16+0.04 0.10+0.01 0.12+0.01 0.14+£0.02 0.15+0.02
Cystine
4R 0.36 £+0.04 0.37+0.04 0.37+0.04 0.38+0.03 0.32+0.03 0.33+0.03 0.33+0.03 0.38+0.04
Valine
HAMR 0.14+0.02 0.15+0.02 0.16+0.02 0.17+0.03 0.11+0.01 0.13+0.02 0.14+0.02 0.17 +0.03
Methionine
S E R 0.26 +0.03 0.28£0.03 0.28+0.03 0.29+0.03 0.25+0.04 0.25+0.04 0.25+0.03 0.29+0.04
lisoleucine
LR R 0.57 £0.05 0.57+0.05 0.57+0.06 0.59+0.06 0.50+0.04 0.50+0.03 0.53+0.05 0.58+0.07
Leucine
ik A R 0.33+0.03 0.33+£0.03 0.34+0.03 0.35+0.03 0.29+0.03 0.31+0.03 0.30+0.03 0.33+0.02
Leucine
KN AR 0.37£0.03 0.38+0.04 0.38+0.04 0.39+0.04 0.33+0.02 0.36+0.03 0.36+0.03 0.36=x0.03
Phenylalanine
#5 = R 0.22+0.02 0.23+£0.02 0.23+0.02 0.25+0.03 0.22+0.03 0.23+0.03 0.23+£0.03 0.24 +0.04
Lysine
HAE TR 0.18+0.02 0.19+0.02 0.20+0.03 0.20+0.02 0.16+0.02 0.17+0.02 0.18+0.03 0.19+0.03
Arginine
RN 0.57+0.05 0.57+0.04 0.57+0.04 0.61+0.05 0.51+0.04 0.56+0.04 0.56+0.04 0.57+0.05
Arginine
it 2R 0.24+0.02 0.24+£0.02 0.25+0.03 0.26+0.04 0.22+0.03 0.24+0.03 0.24+0.04 0.25+0.03
Proline
SO B 6.49¢ 6.60b 6.68b 6.95a 5.76¢ 6.12b 6.26b 6.58a
Total amino acids
DA K E-T10 2.16b 2.22b 2.24b 2.33a 1.94b 2.02b 2.07b 2.27a
Essential amino acid
ISR = 91 4.33b 4.38b 4.44b 4.62a 3.82¢ 4.11b 4.19b 4.31a

Non-essential amino acids

2.4
=AU
FEOK H B B BT G R R M AR K R A T I A AR
Z— W BnE WA —E R L AR, H
1 A] R A ) A 35 85 R AR OKR 0 BT o0 R i A
o, B2 KR SR A A S — B0, B R
SHY > HYHE > FP > NO, Jp B 46 SHY #i5{ (% Zn,
Mg Na Fe Ca K, Cu Mn & i 73 54 FP 38 m
46.77% 27.46% 48.56% 31.22% .69.35% .8.85% .
56.15% 24.94% I K & &40, Z 558 B F K
Vs HYHE BEU8 FP AR B 32 = Zn Mg Na Ca,
Cu Mn &3, {H X} Fe Ml K & & 19 52 i 35 R & 3% .
Je B 3 5 SHY #8158 Fha Bioc R & 1 73 il X FP
R B 19N 13. 84% .63, 18% . 39. 59% .37. 20% .
18.55% 46.16% 31.80% .35.54% ; HYHE #i = #%

HREEANEHKBHETRTESEN

FP A 2 5 Mg Na Ca Cu Mn 7 &, {HXf Zn,
Fe K & & B0 B AR B2 82 KF . o, 78 SHY
BR, Je#E 46 L Zn Na Ca,Cu & IR K, M
DA 3 S LA Mg K & B3GR R, ol WL, AN TR
AR OO R R B BT 3R R B, JUH 2 SHY A
2RI LA 35 5 A K R 7 B 0 3R & i, (RN 6]
Foft R 5 0 2R A 52 W A AN — 2
2.5 EMKBHNERRASRLEARESES
TRTERSEBNEXSH

iz S w, FMARER SEASED NS
Mn &4 5 4 2 3% I 3 DR A O, TR R B0 il
0.80.0. 74, B 1 & it 5 Mg i 2 1 3% M
Ko HILE AT, Bl BR A B3OS B S A3,
Mn & 3839 005 Bl 3 B 2 O R a0, Mg & i
TR



22

%48 %

70

Zn 71/ (mg/kg)
Zn content

50

Na 7/ (mg/kg)
Na content

600

500

400

Ca &/ (mg/kg)
Ca content

300

200

W

Cu %5t/ (mg/kg)
Cu content

T oy R Ak A
- Bpki46 O JeHE3 5
Longjing 46 Longgingdao N0.3aA 600 r
o0 500
o E
g
EE 400
1 ;’D
3 300
on
=
200
100
NO FP HYHE SHY
AR
Cultivation modes
Bpfid6  OJERFE3 25
Longjing 46 Longgingdao No.3
~ 20
o
% E
on
2
- 5 15
i o
4
o
= 10
5
NO FP HYHE SHY
BRI
Cultivation modes
mpkias  BRRARE 1400 -
Longjing 46  Longqingdao No.3
~ 1200
2.
g g
~ § 1000
I 5
41 M
M 800
600
NO FP HYHE SHY
R el
Cultivation modes
B JpHi46 OJERHE3 S
Longjing 46  Longqingdao No.3 20
aA
I bB S 15
aA aA éﬁ =
r cC o€ 25
bB bB EzZ
< g 10
I3 o
I =
= 5
. 0
NO FP HYHE SHY
R

Cultivation modes

Wptide O JEPRAE3S
Longjing 46  Longqingdao No.3
aA

aA

NO FP HYHE SHY
R
Cultivation modes
COWJfEae BRIRSS
Longjing 46 Longgingdao No.3
| § aA aA
bB
bcAB
I cB
NO FP HYHE SHY
BRI
Cultivation modes
B Jitli46 OJERFE3
Longjing 46 Longgingdao No.3
aA
r aA aA
NO FP HYHE SHY
R
Cultivation modes
B Jiptli46 OJERAE3 S
- Longjing 46 Longgingdao No.3
A
aAB a aA
i bBC aA
bChp bB
NO FP HYHE SHY
R

Cultivation modes

AN T 5 B 2 78 [R] — it R A [5] Ak B i) 22 57 | 35 (P < 0..05)

Different letters indicate that the differences among different treatments of the same variety reached significant level (P <0.05)
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Fig.1 Effects of cultivation modes on contents of Zn,Mg,Na,Fe,Ca,K,Cu and Mn in rice grain in cold region
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Tab.5 Coefficient of correlation between mineral elements contents and contents of protein components and total protein

5 #r Indexes Zn Mg Na Fe Ca K Cu Mn

75 % M Albumin 0.01 -0.63 -0.37 -0.21 0.21 -0.52 0.09 0.56
R Globulin -0.07 -0.49 -0.22 -0.16 0.25 -0.36 0.31 0.80"
2+ 4 1 Glutenin 0 -0.57 -0.28 -0.20 0.15 -0.42 0.22 0.74*

BV A Gliadin -0.08 -0.70" -0.38 -0.09 0.23 -0.64 0.08 0.53

JL B 5 Total protein 0.34 -0.27 -0.27 -0.18 0.19 -0.15 0.43 0.43

x| #x JpHIRIRTE 0.05.0.01 K [ W3 M ARG,

Note; *

3 k5T

AT TR W, 2 ARG 5 A L SHY 4
PR R R, LU HYHE B3, FP A& X 77 AR 6 4%
1% o T SE 32 T, 340 2 B 40 A0 T LA AR
KR B4 BERE J7, 4K R I T B 5, £ HE K RS T
Wy AR B PRI R K AR R e A PR fE
AR AR ARG KW HYHE
AR ES T FP A, T HYHE 834
FP G 7 Bl IR 2 R B 0 HUIE X S R
ABFFE 4 R —5, T SHY Bl = B, I B 5w
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