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Abstract: A field experiment was conducted to investigate the effects of returning maize straw to field(RMSF) on grain
yield and quality in rice with japonica Yangjing 4038 as material. The main results during three years (2009 —2011)
were as follows: 1) RMSF could increase total N content and organic matter content in paddy soil; 2) Under the
condition of no nitrogen (N) applied, RMSF significantly increased grain yield by 18. 9% —32. 0%, when compared
with CK (without maize straw returning); 3) Under the condition of site-specific nitrogen management (SSNM),
RMSF decreased N rate by 7. 4% —16. 7%, and increased grain yield by 0. 5% — 11. 0%, enhanced partial factor
productivity of N fertilizer by 18. 0% —31. 7%, when compared with CK; 4) Under the conditions of no N application
or SSNM, RMSF significantly improved head rice rate, peak viscosity and breakdown value, reduced chalky grain rate,
chalkiness, final viscosity and setback value without significant differences in brown rice rate. milled rice rate, amylose
content and gel consistence when compared with CK. RMSF also increased protein content. The above results showed
that RMSF was beneficial to soil fertilizing, and SSNM would help further reduce the amount of N rate and increase
grain yield and quality of rice as well.
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Table 1. N application stage and amount based on SSNM",

it 4 2t [ it 12
30 JE 2 SPAD &
Range of N rate N rate
Top-dressing X SPAD value X
/(kg « hm™*) /(kg « hm™*)

S BEAL Tillering fertilizer 30+10 =40 20
38<CSPAD<C40 30
<38 40
fEAEAE Spikelet-promoting fertilizer 6020 =40 40
38<CSPAD<C40 60
<38 80
=40 20
R AL Spikelet-protecting fertilizer 30410 38<CSPAD< 40 30
<38 40

VIR IR AR 4038 B A F WA M 5 SPAD B {H S 39,

ESCER RGPSy P

o 180~270 kg/hm?, J AL I & 2 5 8 it 4L 2 Y

40%~50% , I AR IR b —4F 2 097 B KCF AT ROR . 2009 4E 7t % 1 VS R 60 £10 kg/hm®,
Y The critical threshold value of SPAD reading of leaves for N application at main growth stage was 39 for Yangjing 4038. The total N rate

ranged from 180 kg/hm® to 270 kg/hm? in this experiment and the proportion of basal fertilizer was 40% ~50% to the total N rate and it was

adjusted slightly according to grain yield in the former year. * The range of N rate in 2009 was 60+10 kg/hm”.
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Table 2. The actual amount of N applied based on SSNM., kg/hm®
AL Sy BENR fefe e PrAE AR Bt
SE kb3 - , , , , N
Basal Tillering Spikelets-promoting Spikelets-protecting Total
Year Treatment
fertilizer fertilizer fertilizer fertilizer amount
2009 CK-SSNM 120 40 70 40 270
RMSF-SSNM 120 40 50 40 250
2010 CK-SSNM 90 20 60 30 200
RMSF-SSNM 90 30 40 20 180
2011 CK-SSNM 100 20 80 40 240
RMSF-SSNM 100 40 40 20 200

CK— F KFEFF AR H , g % B AL 33 ; RMSF — K F5 FF 46 B 3 SSNM — 52 b 20U IR 45 38,

CK, Without maize straw returning, as control treatment; RMSF, Returning maize straw to field; SSNM, Site-specific nitrogen manage-

ment.
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Table 3. Effects of maize straw returning and site-specific nitrogen management on the soil nutrition content(Mean=®SD). %
AF 53 R A B X A 7 TR
Year and Total N Total P Total K Organic matter
treatment BT AH BT AH BT AH BT AH
2009
CK-ON 0.11040.005 a 0.10840.002 d 0.21240.102 a 0.208+0.003 ¢ 1.230£0.050 a 1.2344+0.015 ¢ 2.020%+0.090 a 1.87040.080 d
MS-O0N 0.110£0.005 a 0.113£0.002 b 0.21240.102 a 0.21440.002 a 1.230£0.050 a 1.261£0.011 b 2.0204+0.090 a 2.0404+0.019 b
CK-SSNM 0.110£0.005 a 0.11040.001 ¢ 0.21240.102 a 0.212+0.001 b 1.23040.050 a 1.237%0.014 ¢ 2.020%0.090 a 1.99040.029 ¢
MS-SSNM 0.11040.005 a 0.11840.002 a 0.21240.102 a 0.215+0.002 a 1.230£0.050 a 1.3184+0.030 a 2.020+0.090 a 2.080740.020 a
2010
CK-ON 0.109740.001 ¢ 0.10540.003 d 0.19840.003 ¢ 0.197+0.005d 1.23140.011 ¢ 1.2434+0.033 ¢ 1.850+0.020 d 1.83040.029 d
MS-O0N 0.11340.002 b 0.11840.004 b 0.20540.003 b 0.213+0.002 b 1.267£0.018 ab1.2914+0.013 b 1.990+0.022 b 2.05040.017 b
CK-SSNM 0.109240.001 ¢ 0.111£0.002 ¢ 0.204=£0.002 b 0.207240.003 ¢ 1.252+0.009 b 1.258+0.019 ¢ 1.9104+0.039 ¢ 1.89040.030 ¢
MS-SSNM 0.124740.004 a 0.12740.004 a 0.20940.003 a 0.216+0.002 a 1.276+0.014 a 1.327%0.021 a 2.040+0.027 a 2.10040.032 a
2011
CK-ON 0.104240.004 d 0.1024£0.002 d 0.18940.003 d 0.17740.004 d 1.246+£0.017 d 1.245+0.029 d 1.830+0.030 d 1.8004+0.023 d
MS-0N 0.11740.003 b 0.12240.003 b 0.20140.004 b 0.207+0.004 b 1.3447+0.043 b 1.387+0.021 b 2.000+0.050 b 2.130+0.058 b
CK-SSNM 0.11140.002 ¢ 0.11040.005 ¢ 0.19340.003 ¢ 0.191+0.009 ¢ 1.29340.028 ¢ 1.315+0.040 b 1.880+0.050 ¢ 1.85040.026 ¢
MS-SSNM 0.129240.004 a 0.134+£0.007 a 0.21440.004 a 0.21740.005a 1.366+£0.048 a 1.449+0.040 a 2.110+0.045 a 2.250+0.054 a

CK— T ORFEFF AL A% AR B ; RMSF— FORFEFFIL H 3 ON—AJE &L ; SSNM— S ZUIL B ; BT — & #it; AH—WORE. [l —
G B G B RNE TRk RORTE 22 53K 0. 05 RFH KT,

CK, Without maize straw returning, as control treatment; RMSF, Maize straw returning; ON, No nitrogen application; SSNM, Site-
specific nitrogen management; BT, Before transplanting; AH, After harvest. Values followed by different lowercase letters differ at 0.05

significance level.
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Table 4. Effects of maize straw returning and site-specific nitrogen management on grain yield and its components in rice( Mean®SD).
N m it A B m® AL T TR AL TR S FehE
N amount Panicles per Spikelets 1000-grain seed setting Grain yield
Year Treatment
/(kg + hm *) square meter per panicle weight/g rate/ % /(t s« hm *)
2009 CK-ON 0 132.3+4.54d 173.8%7.1 ¢ 26.6+20.3 a 93.943.0 a 5.75£0.22 ¢
MS-0N 0 147.2+5.8 ¢ 213.5+3.4a 26.71+0.4 a 88.4+2.4b 7.4140.28 b
CK-SSNM 270 234.84+10.0 a 170.2+£7.0 ¢ 25.9£0.3 b 86.3+3.7b 8.9340.30 a
MS-SSNM 250 211.5+7.8b 194.5+5.4 b 25.5+0.6 b 85.4%3.0b 8.9740.34 a
2010 CK-ON 0 156.1£6.2 ¢ 147.8+6.1 ¢ 27.2+0.5 a 88.7+4.4ab 5.56+0.24d
MS-0N 0 162.8£6.9 ¢ 156.3+6.1b 27.640.6 a 94.343.3 a 6.6140.25 ¢
CK-SSNM 200 240.645.7 a 156.9+£6.0 b 25.8+£0.5 b 79.543.4 ¢ 7.7340.30 b
MS-SSNM 180 230.4+4.0 b 176.7£7.3 26.0£0.6 b 81.143.4 be  8.5740.32 a
2011 CK-ON 0 151.3+6.4 d 156.1+3.5 b 28.8+0.6 a 86.7+2.4 a 5.9040.24 d
MS-ON 0 194.1£7.6 ¢ 162.3+3.6 a 28.340.7 ab 87.443.0a 7.7940.30 ¢
CK-SSNM 240 290.7410.8 a 130.2+5.8 ¢ 27.0£0.5 ¢ 82.1£2.0b 8.3740.31 b
MS-SSNM 200 255.94+9.7 b 159.245.6 ab  27.3£0.7 be 82.6+1.6 b 9.1940.34 a

CK— EKRFEFF AL H X I AL FE ; RMSF—

G B G BN [N 7R 2 R R AR 28 5 1

CK., Without maize straw returning,

0.05 B FHKF,

EKAEFFEF ; ON— A 200 ; SSNM— Sz Z R4S 5 ; BT— B #kw; AH—

Wk )e o i —

as control treatment; RMSF, Maize straw returning; ON, No nitrogen application; SSNM, Site-

specific nitrogen management; BT, Before transplanting; AH, After harvest. Values followed by different lowercase letters differ at 0. 05

significance level.
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Table 5. Effects of maize straw returning and site-specific nitrogen management on milling quality and appearance quality of rice(Mean®SD).

%
i e Hi ok RE WERE RARE RAER
Brown Milled Head Chalky Chalky
Year Treatment ) ) i ) Chalkiness
rice rate rice rate rice rate grain rate area
2009 CK-ON 82.040.6 71.940.2 b 53.1+1.1d 42.3+1.6 a 26.7+1.3 a 11.3+0.4 a
MS-ON 82.340.5 71.9+0.2 b 55.8+1.5 ¢ 32.2+1.1b  25.6%+1.2a 8.2+£0.3b
CK-SSNM 83.440.5a 72.6+£0.4 a 60.8%£0.9 b 32.3£1.3b  26.2%0.8 a 8.5£0.4b
MS-SSNM 83.84+0.9 a 72.940.7 a 63.0E1.2 a 26.7+1.0 ¢ 25.9+1.2a 6.940.3d
2010 CK-ON 79.6+1.5b 70.5+0.4 b 62.14+0.5 ¢ 79.5+3.0 a 25.74+0.9 a 20.440.9 a
MS-0N 79.9+1.4 b 69.8+1.0 b 63.3£0.6 b 59.0£2.4b 25.1%£1.2a 14.8+0.7 b
CK-SSNM 83.942.3 a 71.7£0.7 a 63.4+£0.5b 38.8+1.5 ¢ 25.8+1.2 a 10.0£0.4 ¢
MS-SSNM 83.4+1.9 a 71.94+0.9 a 64.940.9 a 32.5+1.1d 24.6+1.0 a 8.0+0.4d
2011 CK-ON 80.2+1.3 b 70.3+0.7 b 61.0+1.3d 22.3+0.6 a 40.0+2.0 a 8.9+0.3 a
MS-0N 80.3+1.2 b 69.9+t1.1b 63.240.8 ¢ 20.7£0.8b  35.4%1.5b 7.3+0.3 b
CK-SSNM 83.1+1.5a 72.2+1.2a 64.2£0.7 b 18.3£0.7 ¢ 27.2+1.2 ¢ 5.0+0.2 ¢
MS-SSNM 83.9%+2.1a 72.1£1.0 a 66.3+1.3 a 11.740.4d 18.7+0.8d 2.2+0.1d

CK— EKRFEFFAL H N X HRARFE ; RMSF— FORFEFF IR B 5 ON— AR AU ; SSNM—sE AU 8, BT— B4k mr; AH—Wk)E . [ —
B B SR BRAS [RGB FORTE 25 Rk

CK, Without maize straw returning, as control treatment; RMSF, Maize straw returning; ON, No nitrogen application; SSNM, Site-

0. 05 i FKF,

specific nitrogen management; BT, Before transplanting; AH, After harvest. Values followed by different lowercase letters differ at 0.05

significance level.
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6 EXABRHALHELHAREENEAEERERARNZ N (FAELRESE)
Table 6. Effects of maize straw returning and site-specific nitrogen management on rice cooking quality and nutritional quality(MeanZ£SD).
A pigid JBe 1A ELBEVE B & Bt Sl
Year Treatment Gel consistency/mm Amylose content/ % Protein content/ %
2009 CK-ON 68.3E3.1a 17.1+£0.8 a 7.8+£0.2 b
MS-0N 64.3+2.0 a 16.8+0.7 a 8.2+0.3 ab
CK-SSNM 67.2+3.3 a 16.5+0.5 a 8.6+0.4a
MS-SSNM 66.5+3.1a 16.9+0.6 a 8.4+0.4 ab
2010 CK-ON 71.7£3.3 a 15.5+0.7 ab 7.5+£0.3 b
MS-0N 70.7+£2.3 a 15.8+0.7 a 8.2+0.3 a
CK-SSNM 69.7+2.8 a 13.9£0.6 b 8.5+0.3 a
MS-SSNM 71.3£3.2 a 14.7+0.7 ab 8.3+0.4a
2011 CK-ON 73.8+3.1a 18.3+0.9 a 7.1+0.3 ¢
MS-0N 72.7%£2.0 a 18.4+0.8 a 7.9£0.1b
CK-SSNM 71.2+3.1 a 17.940.8 a 8.4+0.2a
MS-SSNM 71.0+2.6 a 18.3+0.6 a 8.3+0.2 a

CK— FRFEFF A H, Ay %k B b 35 RMSF— R AEAFIE H 5 ON— A HERME s SSNM— L REAE B3 BT — Bkt s AH—W3RfE . i —
F B 5 RS RS R RORTE 22 53K 0. 05 RFH KT,

CK, Without maize straw returning, as control treatment; RMSF, Maize straw returning; ON., No nitrogen application; SSNM, Site-
specific nitrogen management; BT, Before transplanting; AH, After harvest. Values followed by different lowercase letters differ at 0.05

significance level.

F7T EXARBRFIHELHAMEEI KRS RVAIEHFESHHZM(FHELRES)

Table 7. Effects of maize straw returning and site-specific nitrogen management on RVA profile characteristics of rice(Mean®SD). cP
A Ak #1 I o b P S g8 I AR =R A1
Year Treatment Peak viscosity Hot viscosity Breakdown Final viscosity Setback
2009 CK-ON 2649466.9 b 2042447.0 a 607+£29.9 ¢ 3047436.1 b 398+18.9 b

MS-ON 2797+68.9 a 2025430.0 a 772+£37.8 a 3015+36.6 ¢ 218+10.0 ¢
CK-SSNM 2638465.3 b 1949+£44.5 b 689433.1b 3102433.9 a 464122.1 a
MS-SSNM 2768451.5 a 1970£24.9 b 798438.0 a 2942435.3d 174£7.9d
2010 CK-ON 2806453.7 2444460.2 a 362435.3 ¢ 3199424.5 b 393416.9 b
MS-0N 2955+79.5 a 2387+51.9 ab 568427.9 ab 31514+23.4 ¢ 1964+9.8 ¢
CK-SSNM 2775+76.6 b 2305+79.0 ab 470+24.0 be 3257+32.4 a 482420.4 a
MS-SSNM 2918+67.9 a 2246+80.1b 672432.0 a 3082+44.0d 164+7.9d
2011 CK-ON 2722439.1 ¢ 2361+69.9 a 3614+17.2 ¢ 31634+47.7 b 441414.0 b
MS-0N 2961450.0 a 2348+57.2 a 6134-30.0 ab 31524+58.0 b 191£9.1 ¢
CK-SSNM 2790428.9 ¢ 2244+46.5 b 546423.9 b 32674+52.9 a 477+17.9 a
MS-SSNM 28644+45.9 b 2210+£70.9 b 654431.0 a 30134+78.8 d 149£7.4d

CK— FRFEFF A H, Syt B4k 33 RMSF— F R AEAFIE H 5 ON— AR s SSNM—SE s RALAE B3 BT— Bkt s AH— W35 . 7 —
FUHR B S BRSNS ok 35 R AE 22 593K 0. 05 B KF.

CK, Without maize straw returning, as control treatment; RMSF, Maize straw returning; ON, No nitrogen application; SSNM, Site-
specific nitrogen management; BT, Before transplanting; AH, After harvest. Values followed by different lowercase letters differ at 0. 05

significance level.
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