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Effects of winter crops on enzyme activity and morphological characteristics of

root in subsequent rice crops
YU Tianyi'*, PANG Huancheng'* , REN Tianzhi', LI Yuyi', TANG Haiming’ , YANG Guangli’, XIAO Xiaoping’,
TANG Wenguang’ , CHEN Fu’

1 Institute of Agricultural Resources and Regional Planning ,Chinese Academy of Agricultural Sciences , Beijing 100081, China
2 College of Agronomy and Biotechnology, China Agricultural University, Beijing 100193, China
3 Hunan Soil and Fertilizer Institute, Changsha 410125, China

Abstract: Root is the principal plant organ for nutrient and water uptake, and the place for transformation, synthesis, and
assimilation of plant materials. Enzyme activity and morphological characteristics of root are closely related to crop yield and
quality. Previous researches have investigated management practices, such as variety, tillage, fertilization, and irrigation,
which affect enzyme activity and morphological characteristics of rice root. Planting winter crop is a common practice in
double-cropping paddy fields in southern China. Several cereals, grasses, and legumes have been used as winter crops to
improve physical, chemical, and biological properties of paddy soil. Winter crops are also beneficial for soil erosion control
and environmental amelioration. Nevertheless, the effects of planting winter crops on soil enzyme activity and morphological
characteristics of rice root in double-cropping paddy fields are unclear. The objective of this study was to investigate the
effects of winter crops, including potato ( Solanum tuberosum 1.. ) , Chinese milk vetch (Astragalus sinicus L. ), and rape

seed ( Brassica napus L. ) , on yields and enzyme activity and morphological traits of root in subsequent rice crops using a 7
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—year experiment located in Changsha city, Hunan province. Chinese milk vetch was seeded directly at the end of
September ( approximately 20d before the harvest of late rice) , and harvested in the middle of April. Rape seed and potato
were transplanted at the end of October and harvested at the end of April. At the harvest of Chinese milk vetch, rape seed,
and potato, about 22500 kg/hm’, 7500 kg/hm’, and 22500 kg/hm” straw was returned to the field respectively. Crop
yields of early and late rice were estimated at harvesting time from 2005 to 2011. Rice roots were sampled to estimate
enzyme activity and morphological characteristics at typical growth stages of early and late rice crops in 2011. In comparison
with the control (winter fallow) , inclusion of winter crops increased root malondialdehyde ( MDA) content in early growth
stages for both early and late rice crops. No significant difference was found between all the treatments in late growth stages
for both early and late rice crops. Winter crops also improved the activities of superoxide dismutase (SOD), catalase
(CAT), and peroxidase (POD) in the roots of subsequent rice crops, which were helpful for remitting cell membrane
peroxidation. Root morphology traits of the succeeding rice crops varied with preceding winter crops. Planting potato and
Chinese milk vetch promoted root growth of early and late rice crops, thus increased rice yield by 6.29% and 7.76% in
2011, respectively. On the other hand, planting rape seed inhibited root growth of late rice and decreased late rice yield by
6.31% , and double rice yield by 1. 96% . Correlation analysis indicated that under potato and Chinese milk vetch
treatments, the greater length, number, volume, and surface area of rice roots at grain filling stage were major factors
contributed to the improved double rice yields. No significant correlations were observed between yield and enzyme activities
(MDA, SOD, POD and CAT) of rice. We concluded that potato and Chinese milk vetch were beneficial winter crops for
improving root growth and yield of double rice, while rape seed was not recommended as a suitable winter crop in double
cropping rice production. In addition, environmental and economic effects should be considered when selecting winter

crops.

Key Words: winter crop; double rice; enzyme activity of root; root morphology; yield
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1 #HREFZE
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RIRTE W A IR 58 B W = A7, 305/ NX R B s K et , B/ NX AR A 1. 1m?, B4 130 (1)
emx85 (FE) emx100( &) em, WA Al HERHEK D AFEK O, 3050 HAF FE 7K 3 1200—1700 mm , 4F-F- 43R
16—18 °C, =10 °C Y5 3 A 5000—5800 °C , 24F H BRI 1295.9 h, JoFE I 260—310 d, i 15 4 pu
AR R B ML, WG T 2004 4 IR ATHEZE SRR 2E B AL 13,3 g/keg, A 1.46
o/kg, &M 0.81 g/kg, 281 13.0 g/kg, Bf# A 154. 5 mg/kg, H W 39. 2 mg/kg, HAH 57. 0 mg/kg, pH {H
5.4,
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i, BAFEESR 3 W RENLIX A, 2004 429 H Z 2011 48 11 AT T 7a JAMERAERE , £ =0tk
AR TR ISR RO WA 7 S AR S SRR O AR A 3037, ARG T R S 425 FR
CERPIE 2117 B ARE (S R o 24 se fi « SR IRE 2997, & AV EY) SOBUZ Ry A8 B it 14 F 224 iy 3 B /K SF ( L%
1), AMPEY Ta JFRHE LSRR 2,

x1 BHREERE
Table 1 Management practices in paddy field

gl;:?t [E)[ff ((yq;;ﬁrr;o?ltil day) BHHE Field management practices
K= (=2 2010-09-28 R E T, FEF N 37,5 kg/hm? BB AT 44 75. 0 kg/hm?®, P, 05 45. 0 kg/hm® fERILAL
Winter crop 2010-10-28 FARTN SR (BB 5. 4x10* hm? ) , AR AT L% 75. 0 kg/hm? , P,05 45.0 kg/hm?* YEAFEAL
2010-11-25 MR HELEA 55.2 kg/hm?
2010- 11-30 BH DA E (BREIE 6x10* kg/hm?) , BARWITHEHLIZ 75. 0 kg/hm?, P,0545.0 kg/hm* fE R HEAT
2010-12-05 L XUGAE P,05 32.4 kg/hm?
2011-02-05 B RYCRMSEB 2% 55.2 kg/hm?
2011-03-23 TR 55.2 kg/hm’
2011-04-18 R YT BHE IR (8 R 22500 kg/hm?)
2011-04-30 u’xﬁ;%miﬁugg@%,fiﬂél%%ﬁ%%ﬁﬁ%ﬂli‘ﬁ M (3 AR 7500 kg/hm?) | THAE S 138 43y 1 25 Fi g
6 B0 3 T (A B 43318 4155 kg/hm? A1 15000 kg/hm? )
LR 2011-04-05 ARERER SRR
Early rice 011-05-00 BB AR (AT 20 em, BRI 30 em) , Mi4i% 103. 5 kg/hm?, P,0545.0 kg/hm?, K,0 67.5 kg/
hm? VE R
2011-05-09 it FH 44 69. 0 kg/hm? 4 38 A0
2011-06-02—06- 14 |
2011-06-15—07-11 SOK, TIRAS R HE
2011-07-15 LV ETVEI
Wi#H Late rice  2011-06-27 W AR MR AR
011-07-17 e R RS AR R (FTHE 20 cm, #RHE 30 cm) , Bi4l% 132.5 kg/hm?, P, 05 45.0 kg/hm?®, K, 0 67.5 kg/
hm? fERHEENE
2011-07-24 e 44 88 kg/hm?® A 38 AR

2011-08-17—08-27 I FH
2011-08-28—10- 14 K, TSR IR
2011-10-20 AR eN

1.3 s Hr

TRAE R MR U ST S, W /D X R AR 7

TRE LIRSS 7 A (2011) , SRR RIS 43 B S R0 R S B/ X e R b b IR AR — By
IKREESE 4 B, R E I BOIEARAE (1 25 em, 8 15 em, %20 em) , BT 40 HIE R4S, KL, L%k
AR TR, IR IR AN TG TEAR A9k o, SBCH A A P BEK R AR 2R AT AR RS AR RO I E |, Fovh i 41k
WAL (SOD ) T MR FH VIS DU (NBT) YeAbiR JEak g, LU A NBT Y64 fLid J5T 50% it ikl — it
W17 /g FORBEEG 115 13 AL (POD) 354 SR FH AT QA B 5 0 A2 1057 2 min N LR AR B4 S8 ALY
HOR, LLAA4T0 g min™ FORMEEG S 5 i AL S (CAT) TR S SMIEEIEENRE , 76 240 nm S0
HIHEREE 3 min, L1 min N A240 37> 0. 1 BYREGEA 1 ANEERE S 3007, DL e g7 min™' SRR EIG 173 9 8%
(MDA) U R B AC B L AR , L pmol/g Fis Bt T8 F MO SEKRAAR 2 FAR R B 48 bR Y
D 5E , SR PH B ER Rk 0 i MR e o (REW) |, SR FH HE AR 0 5 AR 2R AR SR FH 5 s i o SRR G (RL) 5 AR B AR
(RR)= (RFW/RLxm) " ;iR HFL(RS) = 2mRRXRL,
1.4 Bdegeitrik

I Excel BEATIREAHRAEEE, FT DPS GEi TR HEA TR 90 A8 19 5 2 53 Bt B 53T
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xR2 ZBEWMIETa FHELTE(0—20cm) FEHRI(2011)

Table 2  Soil nutrients after planting winter crops for 7 years (2011)

AHLE 2% Lk AR AR
AL Treatments Organic matter Total nitrogen Total phosphorus Available nitrogen Available phosphorus
/(g/kg) /(g/kg) /(g/kg) /(mg/kg) / (mg/kg)
Po-R-R 24.61 1.79 0.78 133.31 12.66
Mv-R-R 23.72 1.68 0.69 123.25 10.97
Ra-R-R 19.91 1.39 0.67 88.76 5.41
Fa-R-R 20.43 1.45 0.65 103.93 8.08

Po-R-R Mv-R-R .Ra-R-R & Fa-R-R 7505 2R RS-IE 55 Chinese milk vetch-Rice-Rice; %8z -1 75 - Wi fd Rape-Rice-Rice; JsR- R -
WA B2 2% I - TR R - A Fallow-Rice-Rice

2 HRE5HW
2.1 AR R AR R N R AR

HT P 1 AT R AR EAR AR MDA 5 g B A o e A A 2 S R A I N B B AN () A b Ak B2 TR]
AR MDA SRR EZESR, SAWML, ZFhEY b B 25 08 0 1 FLA 0 BE ) | 5 R4 K s s o0 BE DT O AR
Z MDA i 1% RSP A0 I e S AR S5 P R DT O AR AR MDA &5 2 el AN J 35 D A Rl e 1 I e
A RIS AR B e

B po-R-R HEHMv-R-R ERaR-R [FaR-R

10

BEaH

MDA content/(umol/g)
()}
T

(75

E1 SFEPHEXNKBEREN_ESENZIN
Fig.1 Effect of winter crop planting on MDA content of rice roots
AN F RN AL BRIR) 22 52 W2 (P < 5% ) 5 ns AASRACTIA] 22 5 AN 35 s ns AUFRAL B H] 22 52 K {3 ; Po-R-R \Mv-R-R Ra-R-R J% Fa-R-R J3Jjl]
RFE DR AF-I A Chinese milk vetch-Rice-Rice; %5z 9&- Y f5-WE A% Rape-Rice-Rice; JH2%- R H8-Mo A S & -1 R -0 A Fallow-Rice-Rice

2.2 ZZARYFIRIT R MR AR F ORI Y 5

2 AT R BEAS AR R SOD 1 PR IE AR 1 i A r 4 1 22 S 1 T 0 1 s B4 AN [R) A Bl 1 0 Ach X K R
R SOD EHERSEMIARTE . MWRFERT LUIE Y 8L B AP Th 4% AL B A /K FEAR 22 SOD I 1 2 3% & T X
W H R B SE RN S A0 BB A3 ) ms H 48, 29% 51, 64% 1 68.29% , A Tl 7 5 I S b 3 55 %k B 2%
SARE AR K AR E S P A FL A AR R SOD 15 Mk 43 BE | 5 BRI 5 401 43 ) e e R 54 32%
33.62% M1 53.40% , A Fh EH RS BRI AL 5 % R 25 S OR B8 38 100 A A8 4% SRR 5 BB S 43 il 4
FEAERE AR 22 SOD J5M: , /K AEAR R P A ML RE J1 358

A 3 AT AR R AL FRARAS B P S R MR AR R CAT WM, Hoh A A K 8 & S48 A B Y
Y B 5 AR 2R CAT W PR 4 PRI AL B3 IR T 147. 1% 260. 6% F1237. 5% , H i 358 T4 R & =m0 H
TMSEAL B T 7E MRS AN Rl APV E AL B 22 7] 22 S AN W 2

4 Al PR YRR R POD 1% M AR b a3 5 SOD ML, Fifi A < 5t i 110 4 1 2 e 16 I D Ea 34
KA YRR AL BT A AIAR R POD 16 P AR AR TR, R AR AR DA B AL B AR 2R POD {6 M43 BE
SRS R 5 TN IR B PR I N 26. 96% F1 24.28% , AP AL B BEMFIMER W B E S T
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Fig.2 Effect of winter crop planting on SOD activity content of rice root
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Fig.3 Effect of winter crop planting on CAT activity content of rice root
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Fig.4 Effect of winter crop planting on POD activity content of rice root
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AFIHSR AR B
2.3 AZBAEYFRET R BERER R IE A AR

HI L5 AT, A AbHR i A AR S SIS i R B, A [A] AR VR b BT K R AR A B S e AN ], H
FE T LA H o0 BRI RN 5 R 45 A i 1 A0 b PR I8 280 F L T 0 2 00 00 3 o3 0 R R v 4 b T 48 SR
LR NE FH R B IR AT LG H 20 BEIDI A5 A T 22 S5 OR (2 | SRR 3 201 A o Th 4% S A1 48 2 e b 7
AR 34 0 0t IR AT BR A3 SIS0 17.39% —26. 41% 1 17. 47% —19. 98% , & Firifi 32 A 31 5 %of I8 2% 57
AN, ULBAARMEY IS T R FRTHAR K (AR TR MR R R IR R o AR A
BRI A AR N B

B po-R-R HEHMv-R-R [@RaR-R [OFaR-R
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20 - bbb . 70 b
E 60 : a ab 60 ns a 2
= s b
by +* _ = - 0b
2 50 * - b 50 1 manl
2 -+ =S H HH
5 40 M M 40 Hoe
3 +* + 4 Hg
~ 30 * i 30 La Hr e
X : : iihe 2
2 20 + + 20 - FH 4 FrHe +/
+ + L 4 nahed
10 +* + 10 4 e
+ + L 4 nahed
O il 1 ] O 11 1 1 ! ]
SrEE SR I 4 EE HE

B 5 ZFEMFENKERKEMm

Fig.5 Effect of winter crop planting on root length of rice

AR RS AR Z X LR MR o Bl AT G, B 6 T ARG B A L SRR SR L, B A
I BESI NS R 25 A Zo MV 1 A B S T AR S 5 A0 708 TR, JRE SR 5 v T 0 IR, L &b T % SR 56
BRI g W 5 T A it SRR 1 I AR 3 T AR, G v S BSOS 8 S0 B8 0) IR0 I A1 15. 809% Al
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Fig. 6 Effect of winter crop planting on root surface of rice

HRARBCE R TR RS ROL, B 7 ol R R AR ROy 2 e s e, R R LUE o
B R S R0 45 A P 25 S R I8 5 IR A P T 4 SR 58 2 ) I T R N R R R 3 B N 15 95% AN
11.35% , AFPlS b PR SX S PR B8 MR K Z A i e 2= B b 1 73 BE U 0 25 o 1 0 L, e X TR
HaHN 32.37% . AT =2 Ab B A AR A5OSR TR R 3001 ) e XoF R 43 S B AIG 11.02% 1 13.21% D & Tl 5%
UL SE G T R MR AR KR, A A SRS AR T MR AR AL

HRRRF RN T AR R A GA TR, MRl 8 mI A, B A AR R By 2 e e R i i ka3, & AR A A
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Fig.7 Effect of winter crop planting on root numbers of rice
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Fig.8 Effect of winter crop planting on root volume of rice
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Fig.9 Annual changes of early and late rice yield
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Fig.10 Annual changes of double rice yield
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Table 3 Effect of winter crop planting on yield of double rice

2011 74/ (/hm?) 2005—2011 F¥ 775/ (v/hm? )

Kb Yield of 2011 Average yield from 2005 to 2011
Treatments Ly e e XUEFH L W e R

Early rice Late rice Double rice Early rice Late rice Double rice

Po-R-R 7.49a 7.72ab 15.21a 7.04a 8.21a 15.25a
Mv-R-R 7.44a 7.98a 15.42a 7.25a 8.11a 15.36a
Ra-R-R 6.90b 7.13¢ 14.03b 6.46b 7.52b 13.98¢
Fa-R-R 6.70b 7.61b 14.31b 6.69b 7.65b 14.34b

F4 KBETERRFUESFTEZEMHERME(2011 4F)

Table 4 Correlation between main root characters and rice yield in 2011

LG Early rice MifE Late rice
Bzt 53 BE FrER TR 53 BES] FrER TSI
Indexes Tillering Heading Filling Tillering Heading Filling
stage stage stage stage stage stage
A M54 MDA content 0.8748 0.9053 0. 8063 0. 1480 -0.1916 0.0167
AL WAL BT T SOD activity 0.6967 0.7569 0.6254 0.8431 0.8073 0.7662
i EALEBHE P CAT activity 0.7949 0.8268 0. 6908 0.0249 -0.0215 0.1619
JT L YIERS M POD activity 0.8826 0.8826 0.8102 0.8574 0.8298 0.8428
KK Root length -0.8125 -0. 8006 0.9633 * 0.8574 0.8298 0.8428
HRETF Root surface -0.7187 -0.5530 0.9963 ** -0.3301 0.9339 0.9500 *
HI%X Root numbers -0.7999 0.1651 0.9742 " 0.6552 0.9352 0.9043
HRAET Root volume -0.8705 -0.6243 0.3691 0.3279 0.4557 0.9873 "

# FRZESEIRE]0.05 BEKF(r=0.9500) , * = FRZEFILFE0.01 BEKF(r=0.9900)
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