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Abstract: [Objective] Under the pattern of interplanting rapeseed in late rice, standing stubble height affected soil water

storage and preservation, interplanting rapeseed emergence rate, growth and development. This study aimed at finding out a proper
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standing stubble height to promote emergence rate, growth and development, and finally to improve yield of interplanting rapeseed.
These results provide practical references for reaching efficiency and organic combination of agronomy with agricultural machinery.

[ Method] Fengyou 730, a elite rapeseed cultivar, was employed in a field experiment with four stubble height treatments during the
2014-2016 growing seasons at Jiangxi Institute of Red Soil, Jiangxi province. Four stubble height treatments were compared: 20, 30,
40 and 50 cm. The seedling rate, mature plant rate, agronomic traits at two growth stages (wintering stage and full bloom stage),
chlorophyll content of leaves, root activity, yield were measured in this study. [Result]In the range of 20-50 cm, an increased stubble
height could thoroughly promote the seedling density, the seedling rate and mature plant rate were increased at the initial stage but
deteriorated under a further increased stubble height, the optimal seedling rate and mature plant rate were the treatment with stubble
height of 40 cm, the mature density was relatively larger. The seedling rate and mature plant rate of 40 cm stubble height were
13.73%, 7.09% and 13.18%, 7.23% higher than that of 20 cm and 30 cm, respectively, but the differences were not significant
between 40 cm and 50 cm. Stubble height significantly affected growth and development of interplanted rapeseed. The number of
total leaves, number of green leaves, width of maximum leaf, crown diameter, the dry weight of individual plants and the chlorophyll
content of the top 3 leaves, root activity were gradually fell, the length of maximum leaf was gradually increased, the leaf area index
and dry matter of population plants were primitively increased and then subsequently fell with increasing of the stubble height. The
yield per plant of interplanted rapeseed in rice was diminished, whereas the yield per area was heightened initially and diminished
later with increasing of the stubble height, and the optimal rapeseed yield could be approached with stubble height of 40 cm.
Compared with the stubble height of 20 cm, the yield increasing rate of the stubble height of 40 cm was 18.92%, the yield increased
obviously. Stubble height was highly related to yield components of interplanted rapeseed in rice including primary branches, siliques
per plant, siliques on main inflorescence, 1000-grain weight, dry matter weight per plant, and yield per plant with a substantial
negative correlation or significant negative correlation. [ Conclusion] A lower seedling rate, mature plant rate and mature density, but
strong individuals under a lower stubble height as well as a higher mature density and weak individuals under a higher stubble height
could result in yield reduction. Results of the study indicated that late rice stubble height of 40 cm was helpful to population growth
and strongly improved the yield of interplanted rapeseed.

Key words: late rice; rice stubble height; interplanting rapeseed in rice; growth and development; yield
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Fig. 1 Monthly precipitation and average temperature at the study site from 2014 to 2016
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Table 1 Basic physical and chemical properties of the soils in the experiment fields
R pH AL £ e =l BB T R
Year Organic matter Total nitrogen Total phosphorus Total potassium Available nitrogen Available phosphorus Available potassium
(gke™) (gke™) (gke™) (gke™) (mg'kg") (mg'kg") (mg'kg")
2014—2015 4.95 46.30 332 0.61 12.08 230.27 24.61 52.08
2015—2016  5.06 47.76 3.37 0.63 12.72 234.78 26.50 54.17
1.2 Rt N “HF 7307, HERPR 6 kgthm?, . SRATKIX

BRI AT MRS 2 AT A AR
T025” , 2014 fFEMAFIGR A 10 A 21 H, 2015
FERERGCER IS A R 10 1 30 FI (2015 4ES2 45 k< M 5%
Wi, VLPH SRR RAIIHE S, AR ISR O A SR T A 10
JUEE 11 A BapD , BERAE 2N S BRI
PN, 2 FE P H 7 R 8 625kg-hm™, 4R )= 2
S WU 4 ASKFEREFT R A S 20, 30,
40, 50 cm, Z>%fH H20. H30. H40. H50 £7n, H
AR BEALSOR P78 T8 1, 7 25 A AT IX BN T
s, IR R A B A 204 304 40, 50 cm ARFE 2 4R
VI RN 5.9, 430 3.00 2.1 thm? . Wiz
IKFEILAEIA 5 d CRIZKAEWCRTT 5 d B8k msE, T 2014
£10 H 16 HA1 2015 42 10 A 25 HEEFID , e it fh

R, BFAEF/NXER 103.5m? (5SmX20.7m) , #
53 . MERER:  153.0 kg N-hm™. 60.0 kg P,Os-hm™.
72.0 kg K,O-hm™ #i#0 15 kg-hm™, EEL 2 YOt
T0% N AT B MR CEUBEE LLBI o 18« 10
c12, FEKIREE . BEAEOYASBEREL . BN &1L
B PERIILE, 30%%E (JRED) JuHATEM. L
(ER=S IRl aE i DN EER BN
1.3 MENBRFE

WA RRAEFE/NXIEE 2 m* (1.0 mX2 m)
R TAEW (2014 38500 10 7 22 H. 2015 4
WA 11 1 H) « fiH (2014 43R5 1 25 1
|2y 12 322 H. 2016 Fl5 A & (a2 12 7 28
D AR (2015 FEEENT S 1 H 7 H,



4 11 RS

RETE fei R 23 AR RIS EAOR ™ BB UK 52 ) 651

2016 AEWA N 1 H 14 H) o BAEIRESL (2015
SEHCREIT TR 3 H 2 H, 2016 SEEURERAI Y 3 H 6
H) i

REMR: WA AL N IEAFR P AU
SEIN 15 MRAEAR, WoE 2Rt B EEEg L R
FAUIE S IR L TP A (=5 N £ 7 S

Jhert e A EE . SRS 20 dy 30
d. T, EAEIA] SPAD-502 -4 2 A g 322515
3 FoB R S R

ARG e 4G 20d. 30d. TorHH,
BEACIRA (W5 20 dv 30 d BEALFE /N X 3% 52 M kR
15 4k, T e AR Ab /N XU sE AR 5 R
SR AT RS T B A AR PR BN HE R 2R K IR I i 4
F, RH TTC VR SR 2235 77 GO B B = AR
MFRARS 5 mm 224789 HARS IRALE ) ik,

F R F/NDORARE N SIS 20 BE, HE—IR
ORI MREG MR TRIESE, BRI
PRKF R o5

W= B (2015 AFRCBGRI TR 4 H 28
H 2016 “E AR R Y 4 A 30 HD#% /X 3k 20 m?
(4.0 mX5.0 m) WERME 5. HmARTEEL o
kRS G BORIRRE DUSHE AR BT T
HARZ OB ARSI i

1.4 BEHW

H A BRI v 49 1K Excel £ DPS7.05 #Af:
PRAE BRI S fabn e Al |, BRrm&ah, R 2
PRI B AT A A A

2 4R

2.1 BESENANEEMSMAZEENZN

2 v WL, SR I R B A T A
b sain, FHA H50>H40>H30>H20. 41y
B AL B ) B A . T, S AR B EE EAR LL
TAW SR N B, FLRE KRG B 2 v B 3G, %A EE
MR 2B S NG R, RIBLY H40>HS50>
H30>H20, i B} £ Ab #1585 i B i b o B 2 v 1
SN FBE, BAAE 20 cm (H20) AbFE% 7 55 8 4
30 cm (H30) 4 PR 22 5 AN R, 5 97 40 cm (H40) |
50 cm (H50) ACFEZES 3. Y% SR bk R
A Ak g T U R R Bl i 2R AR A — 3. B 40
cm 5% 20 cm. 30 cm ARPRAHLL, S0H R A SRR R
SRR T 13.73% 7.09%A1 13.18%. 7.23%, {HLj
PEAE 50 cm AbFEZE A K

BFE S (SHY AR TR (£3) ,
S A . R R R
MR B IR LA KK R

®2 BESEMASNEZDRSHAZE. NEEMRKENZND

Table 2 Effect of stubble heights on density, seedling rate and mature plant rate of interplanted rapeseed in rice at different stages
R B density (x10° hm™) [PHES AR
Stubble height 43 Emergence stage of seedling ~ FiH#] Five leaf stage BB Maturity stage  Seedling rate (%) - Mature plant rate (%)
H20 67.03a 40.02b 30.35b 59.70 45.27

H30 68.37a 45.36ab 35.02ab 66.34 51.22

H40 69.03a 50.69a 40.35a 73.43 58.45

H50 70.70a 51.36a 40.69a 72.64 57.55

FFIARR NG ERERR P<0.05 KTV ExFEE. N

Different small letters in a column indicate significant difference at P<<0.05. The same as below
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Table 3 Relationship between stubble heights and density at different stages, seedling rate, mature plant rate

WiH Item

A 72 Fitting equation

eE BHL Coefficient of determination (R)

LW Density of ES (x10* hm™)

T % Density of FS (x10* hm™)

S35 B Density of MS (x10* hm™)
JFH Seedling rate (%)

HBEZ Mature plant rate (%)

y=0.0008x*+0.0587x+65.612
¥ =-0.0117x*+1.2105x+20.245
y=-0.0108x+1.1218x+11.962
y=-0.0186x>+1.7591x+31.532
y=-0.0171x*+1.63998x+18.8591

0.9801
0.9870
0.9778
0.9717
0.9607

ES: 4Wi; FS: TiM-; FBS: AL x: B#EmE. T

ES: Emergence stage of seedling; FS: Five leaf stage; FBS: Full bloom stage; x: Stubble height. The same as below
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Table 4 Effect of stubble heights on seedlings growth and development of interplanted rapeseed in rice

A I B S g SEINU NS T AR £ MR BT E BT

Growth Stubble Number of totle Number of green ~ Length and width of Leafarea  Crown diameter Total dry weight  (kg'hm™®)

stage height leaves leaves maximum leaf (cmxcm) index (cm) per plant (g)

JUESIS H20 9.0a 7.0a 15.9b%7.6a 1.53b 0.64a 3.15a 1101.32a
H30 8.6ab 6.6ab 17.2abx6.9b 1.66ab 0.57ab 2.79b 1155.38a
H40 8.3bc 6.1bc 18.0ax6.4bc 1.72a 0.53bc 2.51c 1147.31a
H50 7.8¢ 5.7¢ 18.5a%6.1c 1.64ab 0.47¢c 2.29¢ 1075.53a

A4 FBS H20 14.7a 12.6a 21.5ax7.1a 2.05b 1.77a 10.87a 3298.04c
H30 14.2ab 11.8ab 22.2ax6.8a 2.17b 1.69ab 10.21b 3573.54b
H40 14.3ab 11.7ab 22.4a%x6.5a 2.30a 1.59bc 9.54¢ 3851.07a
H50 13.6b 11.2b 22.8ax6.3a 2.12b 1.51¢c 9.04c 3678.10b

WS: &, N WS: Wintering stage. The same as below
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Table 5 Effect of stubble heights on chlorophyll content (SPAD
value) in leaves of interplanting rapeseed in rice

=5

B e AW 204 AWE30d 0 SHE AR
Stubble height 20 d after ES 30 d after ES FS FBS
H20 32.89%a 37.85a 46.72a 39.0la
H30 31.32b 35.39b 45.86a 38.30a
H40 30.65bc 35.11b 43.89b 37.82a
H50 30.02¢ 34.50b 43.16b 37.54a
2.4 BESEXNERMFRAENOZME
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Table 6 Effect of stubble heights on root activity of interplanted
rapeseed in rice (ug-g-h™)

Bt 2FJE20d  2FJE30d 0 50 BEAEW]
Stubble height 20 d after ES 30 d after ES FS FBS
H20 182.86a 244.58a 321.64a 155.11a
H30 148.10b 222.96b 299.41ab  140.28ab
H40 135.14¢ 202.44c 284.56ab  125.41bc
H50 116.20d 183.73d 267.97b 109.73¢
2.5 Bi#ESENERRKEEZ

B2 mr 0L, PRAE R e B A B e B TR 5
nJa N, X4 H40>H30>H50>H20; Lib#
H20 #EL, H30. H40. H50 &b P 4ERE = B -2 70 51
BT 10.01%-. 18.92%7F1 7.28%, H40 ALFREL H20
Ab B AT R B A A 2 KT, AR AR R ) e i
ZESEANZE o BRI BRI IR A b
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Fig. 2 Effect of stubble heights on yield of interplanted

rapeseed in rice

Table 7 Effect of stubble heights on yield-related traits of interplanted rapeseed in rice at mature stage

Bt R IR FPR A R AL TR AR TSR AL TR LR R PR E
Stubble Primary Siliques per Siliques on main Seeds per 1000-grain weight  Yield per plant Total dry weight
height branches plant inflorescence silique () (2) per plant (g)
H20 4.5a 104.7a 48.6a 16.9a 3.39a 4.78a 21.87a
H30 4.2ab 98.8ab 45.9ab 17.5a 3.33b 4.41ab 19.57ab
H40 3.7ab 88.6bc 40.8ab 18.2a 3.29bc 3.97b 17.64ab
HS50 3.3b 83.4¢c 37.5b 17.9a 3.24¢ 3.69b 16.70b

CIE 20, B[R B 2 v S 3 B R i [ AL
M R A AR P B 2N 3R

R 8 RY], BRSNS IR
BRAREL B mREL TRIE., SRR T AR TS
PRETIE 2R Gk 3 A TEA OG5
W GANG SEREAREUNOG, HAE Rk
FARRIE bR PR AR BN (XD K
U R A B> B RS> — IR B> ST
> TORLE > > AR, VO] R R N B
TS FRR P B, BT R e R A SR
KRS Bl e e AR AR AR,
ERAEE, HHANMEIERE ARG, EREAR
F o VLW e RO BRI = K, 2N
WIEMR SR, 3 EOE T H RS .
2.7 ERMRESEBERSEEEXMESHN
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R B DG 77 B AR SR BN A T 4%
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Table 8 Correlative analysis on yield components and yield
of interplanted rapeseed

PR L7 FeE
Yield component Yield per plant Yield
i Density -0.9753%* 0.7364
RS Primary branches 0.9941%* -0.4856
bR HL Siliques per plant 0.9975%* -0.5604
ESAGEE S 0.9950%* -0.5116
Siliques on main inflorescence
FFARIEL Seeds per silique -0.8877 0.8823
THRLE 1000-grain weight 0.9924%% -0.5230
R E 0.9927%* -0.6484
Total dry weight per plant
Hipk 7B Yield per plant 1.0000 -0.5691

PR 0.01 ACPZER B *FR 0.05 ACF % R W2, 7Ry BIERET
. T

** significantly different at 0.01 level; *, significantly different at 0.05
level, the average yield of biennium. The same as below

FEASRPR R IEADG, o B R ECR & B, S
Ba R R ANHARAN AR AR B ARG . B
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Table 9 Correlative analysis on the morphological and
physiological characters and yield of interplanted

rapeseed
AH JEASA B R bR Rk s
Growth stage Morphological and Yield per Yield
physiological character plant
A3 S No of totle leaves 0.9843*  -0.4352
WS ZEM4 No of green leaves 0.9984** .0.5218
[ZONLES -0.9851%  0.6524
Length of maximum leaf
2 FNL 0.9906**  -0.6406
Width of maximum leaf
I FFE % Leaf area index -0.6810 0.9698*
HFHH Crown diameter 0.9883*  -0.5085
AT 0.9961** -0.5895
Total dry weight per plant
T 0.2375 0.6191
Dry matter weight of population
42 chlorophyll content 0.9921** -0.5758
AT/ Root activity 0.9934**  -0.5463
HEAEH ST No of totle leaves 0.8742  -0.2322
FBS 24 No of green leaves 0.9476 -0.5271
jroNURS -0.9682*  0.5680
Length of maximum leaf
NI 0.9993** -0.5834
Width of maximum leaf
AR HL Leaf area index -0.4832 0.9931%*
HR3HH Crown diameter 0.9984** 0.5218
FPRT 0.9995**  -0.5624
Total dry weight per plant
R T E -0.8331 0.9288
Dry matter weight of population
4% % chlorophyll content 0.9879*  -0.6505
HLFIE ) Root activity 0.9955%*  -0.4960
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