E RN R FEFEHR 2014,19(6) :71-80 http: // xuebao. cau. edu. cn
Journal of China Agricultural University DOT:10. 11841/j. issn. 1007-4333. 2014. 06. 10

HESERARSEWR AP R SR EIE /A

o KRR BWET FEm
(LT PIR2E A e /A A M A 90 V6 WA 47 5 ) [ 5 TR 24 954005 5% 5300055
2. iR AR AL RR T REBRSE D AR P T A R AR TR %
PR3 R R T SRR/ T B A R TR T 530007

W OE ARVIRESHERRZRG @, KA RRRKRE X6 7 &k, 0 KRR E®AF ROC22 fo it £ 5 A GT28
0 R AL R A AR M R F R (25 OO BB U COOEMHTHES SR AGRK ARRR R@IHET AL LE
J1 7 =B (MDA) il 288 T A S T iE & 8 R4 F AR B A4 8 (POD) v A2 A4 4 3 AL B (SOD) 7 14 48
XIAF, HREAV  EKBME T . GT28 KK ARARIY KT ROC22, 2 HAZFRK THBEKKEMiE3dE,
AWM REL @B EHEIL A ROC22 Z AR MAKBEHHAGER 2ARHREEADZFEIK.®
ROC22 vy Feta & K AR BH LA T A MDA WA . THEEE . TERE G A EAA POD F SOD & K
ERFHETFERAR . ZA LT EHARALRL RERMN GT28 ¥ THE KBS T A K S5 . POD f SOD # &
BHHTARRAERMN ROC22, 4% . EREMETRAERPEAZALRBOLFARRARFFRER G AR

ek,
KEEE HE AR AR B
FENSEE S566.1 XEHS  1007-4333(2014)06-0071-10 XEFRERS A

Response of chilling stress on root morphology and
protection systems of sugarcane seedlings
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(1. Agricultural College/State Key Laboratory of Conservation and Utilization of Subtropical
Agro-bioresources, Guangxi University, Nanning 530005, China;
2. Sugarcane Research Center/Key Laboratory of Sugarcane Biotechnology and Genetic Improvement (Guangxi) ,
Ministry of Agriculture/Guangxi Crop Genetic Improvement and Biotechnology Laboratory/Guangxi Key Laboratory of
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Abstract This experiment aimed to study the effect of low temperature on roots growth of different sugarcane varieties
with varied cold resistance in order to provide theoretical references for future relevant researches. The complete roots
of the young plants derived from water culture for both cold resistant sugarcane variety GT28 and the cold sensitive
sugarcane variety ROC22 were used as the plant materials. The plants of the both varieties were treated with normal
room temperature (25 C ,control) and low temperature (4 C) ,respectively. Various parameters, including root length,
root volume,root micro-structure, root vigor activities, malonaldehyde (MDA) ,contents of proline, soluble sugar, soluble
protein, peroxidase (POD) and superoxide dismutase (SOD) were measured. As the cold stress duration prolonged, the

average root length and root volume were decreased by the cold stress compared to the normal temperature, but the
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decreases were less in GT28 than in ROC22. After 3 days of cold stress, the root micro-structure were getting swelling

and deformating, and disorder of cellular structures were observed in the roots of both tested varieties, but the

deformation was much more significant in ROC22 than in GT28. Under the prolonged cold stress, the root activity was

significantly weakened for both sugarcane varieties, but it was more serious for the variety ROC22. The contents of

MDA . proline, soluble sugar, soluble protein,and the activities of POD and SOD in the roots were higher than those in the

control and the patten showed a progressive increasing and then decreasing. The contents of soluble sugar and proline

and the activities of POD and SOD in cold resistant variety of GT28 were higher than those of cold susceptible variety of

ROC22. The present results indicate that cold resistnce/suscepitibility is variety-dependence based on,root growth and

metabolism of physiology and biochemistry.

Key words sugarcane; roots; cold stress
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(a)and (b) show the changes in root morphology of ROC22;(c)and (d) show the changes in root morphology

of GT28;(a)and (c¢) show the changes in root morphology of sugarcane under normal temperature; (b)and (d)

show the changes in root morphology of sugarcane under low temperature stress for 7 d.
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Fig. 1 Changes in root morphology of sugarcane under low temperature stress
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Table 1 Changes in root length and volume of sugarcane under low temperature stress

Qb 3 1 /em Root length HRAEFL/em® Root volume
Treatment ROC22 GT28 ROC22 GT28
HiR 0 dCK 421.6+36.7 b 500.94+29.7 b 7.44+0.3 b 7.8+0.7 b
IR 7 dCK 567.8+45.3 a 759.74+41.9 a 11.9+0.9 a 14.0£0.7 a
IR 0 d Cold stress 306.3+94.6 b 624.9+6.9 b 6.4+0.2 b 10.6+0.5 b
fiK# 7 d Cold stress 347.4+85.6 b 703.4%£9.1b 7.5+0.3 b 12.5+0.7 b
AR Increase in CK 34.7% 51.7% 60.8% 79.5%
(IR 8 %W Increase in cold stressTrt 13.4% 12.6% 17.2% 17.0%

T« [ — 30N AR A R 5 B S (ETE 0. 05 K- B2 5 25

Note: Means labeled with different letters are significantly different at the 0. 05 probability level at the same column.
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Table 2 Changes of biomass in sugarcane under low temperature stress

ROC22 GT28
i H Item
X} g CK fKIE 7 d Cold stress X IR CK K& 7 d Cold stress

My b AR/ (g/ ) 11.2341.00 a 10.83£2.20 a 12.97+0.68 a 11.8140.60 a
FW of aboveground part

Mo LT/ g/ 1.6040.12 a 1.80£0.38 a 1.87£0.12 a 2.0040.22 a
DW of aboveground part

R R/ (g/ MR 4.7040.25 a 4.3440.77 a 4.0040.18 a 3.3340.27 a
FW of underground part

R/ g/ 0.3240.02 a 0.3240.08 a 0.3240.02 a 0.3340.03 a
DW of underground part

R 0. 20 .18 0.17 0.17

Root/shoot ratio

TE <[] — &b B AL 45 A B v AR A AS [ 5 B B9 S (LR 0. 05 KF b 28 5 .

Note: Means labeled with different letters are significantly different at the 0. 05 probability level for the same variety.
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(a) (o). (e) . (@) Ml (D435l J& ROC22 TEARIR I 0.1.3.5.7 d MR R H 4544 (b) . (D).

(D DG 43 12 GT28 ZEARIEME 0.1.3.5.7 d FYR R 454 .

(a),(c),(e),(g)and(i) show the root anatomical structure of ROC22 root at 0,1,3,5 and

7 d,respectively,under low temperature stress; (b) ,(d) ., (f), (h)and(j) show the anatomical

structure of GT28 root at 0,1,3,5 and 7 d.respectively,under low temperature stress.
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Fig. 2 Changes of root structure in sugarcane under low temperature stress
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Fig. 3 Changes of root activity of sugarcane under low temperature stress
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Fig.4 Changes of MDA content in root of sugarcane under low temperature stress
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Fig. 5 Changes of POD activity in root of sugarcane
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Fig. 6 Changes of SOD activity in root of sugarcane

under low temperature stress
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Changes of proline content in root of sugarcane under low temperature stress
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Fig. 8 Changes of soluble sugar content in root of sugarcane under low temperature stress
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Fig. 9 Changes of soluble protein content in root of sugarcane under low temperature stress

3 #

RIS AWM K o SR o0 1Y E AR W
KA RS AERL R N B BRI . AR R
32 U B A B2 ) S8t R e A o R AT T AE 4 A
WA A . ARIE 2 X HRE 2 AR AR AT B S A
ZER AR A BT SR AR TR R ) AR
FA A6 1 AR MR ZR A 2 T e R A L R
W 6T J5T T8 28 7K 53 B WA & 3 — 25 5% W) 31 A R
MIER A KR E o AWTFE 45 R LW e AR 0 5
. BE A AL B R IE A L 2 A i A RAR RS )
W AR A Fe L T DA IR SO  F ROC22 B IR i
SRR s 20 S F K- 2R A AR X B0 A 555 1 H
st TR 2R WA iR T AT FE R SR A A . R R R B
4 B2 T i AR AR LR S L R AR B 38 T 32 2
e AR b 2 R AR R R E R K AR R
N R A A AR R SR R
) PG AL B R AR L AEAS S T AR AR TR
AR 2 A HRE A R AR AR R AR X IR EE
BERRAT, Sar AN B A A — B, MARMZE K
FEPER . PUIE TR SR A dh Bl AR R A T AR R 3 T4t
FEPESS [ ah B 5L JA AR OB S B DU Ak 2] 3
HREAR ZR0E Ty 3 T R A0 R ) 22 S e 1A )
sty BT FE P 55 555 o AT AR DA TR SR HRE b 2 R R
b R EY I

R AL T 855 b AR 35 2 A AR B2 L IR 1R
AR FR 52 2 K 53 e 30 i 40 M N 20 20 B A
U2 AR A0 05 v 1 St T2 40 AR S A0 i S T I R A
RS L 2 A0 M HE S B AR A 0 45 2R 3%
W1 it 25 A1 3 20 s T ) A2 4 2 AT b o 4 AR 4
Mo A= T 45 K R AR Ak IR e DL 9 R S Y

ROC22 2 M 4544 52 F /™ &, R IHCELIC)F .

FEAR IR B 38 25 1 F MR N POD At SOD
YRy —Fp L3 g 76 4B W) & A TR 2o 4804k 1) i 2 Bl
R R P RN . EARTR B ARRIE T 2 A4
an B POD ., SOD 7 &b 38 Aij 1 34 72 = 19, 215 19
R A o (LT S PE iR 1 5t o J 0T PR e — o A T L X
TR R R IR AT 5 B 2 A B, A3 R T 0 2% 30
Bt A —E R DI RESY . AHIESE R 4
RRW L HIEAR R SOD ZLRIE T L POD 2R, 5
AP HfGE SOD == 276 5174 1 9 & #5364 1% T b
HERMHY A, 5 3 KJF X 2 Fh s 06 M5
I AT RE S R AR A 3 7 A TG PR AR Rl &
7 SOD Al POD 45 5 £ 47 il 1) 1 % g 71 . SR Ak g
778 R B MR R I B X 2 P, o SO
PETFRE . 1E M 5] R AR i AL, T i MDA
it RGN S BOB 0 e R IR . FEAS SR
oL 2 A Rl E IR 2 8 AR R MDA i BB IR
Tk ] ) JE R S 35 Kk #e L JE DL ROC22 B85k B 3,
XU TR A5 T T OH RE AR AR 0 A0 A T, Bt FEME 55 1
ROC22 FL% MDA %% Z . Ho 41 i j5 A7 451t 38 ™ 5,
Wit 5 Ik A B AE G 2 A HRE L BB MDA & 8
TR X AT RE A K S MDA 5 41 il 5 v (9 2 1 Tk
A A TN A BRIV - B3R T 40 B B 5 4T, 51 A
JHREE 375 P R S B A N A YB T  IE 2 51 A
HRER RAGRAE . ARFTE 0 H REAR 2 40 1 fi 5 45
¥4 53 M 26 W ZEIRIR M8 (928 3 K5 . /A e &2
FINWEIR , 41 25 48 T 46 ff 4

I R RN BB S AT Y. A
SR KR S K A RN R RN B &
PE DR IE S A 4 32 SR L T 5 45 300 58 0 i AR
JIF 220 1 1) K i AR SR BB A% A 0 400 R 1) 98 33 TR R 4k R 4



55 6 ]

MBS . H R4 B AR FOE S A5 H B A 7 25 G0 0 ARG ol 14 i iz 79

LR A5 USRI R B FRBE 1 3= o AR5
WEE H e N MDA & i f9 2 35 58 s 51 i 401k
PR PSR A 2 A JRE ot o oA ) R e
B AR B SR 3 Tk B W 3% WA 2> e 2 i
HRTEHERANWRR, 7EMEMEEE 5 K.
ROC22 # 2 N A Bl 2R & BT IR T B . HF B 2= 0
MR H GT28 A A il &R % 5473 b X B . 4t
FEPEIR Y GT28 1 A il & R 22 Ak A7 BT AN [] il i
5t T AR B IR R 30 A AL R A ) A O T FE
5iR P H R s o R 2 SO0 TR B 1 2o AR AR B SR
SR AN A A 2 i R AR R R 11 I T R AR A A iR
715 R

AR S AR IR R — A B R
MM NEZRBEE Y. TR A
Bl & B 5 PUIEME S IE A G E TR 2 AE ) LA BIHIE
YUY RS T AEAR I T L 2 A H RS AR AR
ZATAL BT OB R AT R R e R
L, $y IR e Th w5 R B R T 0 A O
T I 1 B R R AR T AR A S — B 7E(RiR
ARPRAG T 3 d.2 A4 HE A AR A AR R A RT
EYEE A SR B E TR RPN ROC22
AR A /N U FEVE SR A GT28 3 MR 3 e Kk, W ]
VRN AT A R R R AL AR BB B v A
5%, WEF AT AER L3 d 5.3 2 A A Y
R RS Horp ROC22 AR A A AT ¥ 1R Bl A aT
VA PR B TR LA P 24 3R IR L T RE 5 AR
Tk 52N B  HUARR 1 17 X R G AR S B R A G . AR
W5 45 SR RHT A B S A A IR R X 2 b 5
Je T i R A BT A [] X AT RE AR AR &% AL B
[F] 25 1 6 2R AT O

T

IR R8T H AR AR R BUIS#B KT X
HE A AT 8 P 58 1) T IR 5 b B AR A /I o A A UL
3 dJE s HREAR R 40 A K AR TR 4 M 45+ HBOEL .
AT T P 555 0 H S R S5 S BT o i AU L B [ S
Ko 2 A HRE SRR 206 1 ¥ S R AIG L A B FE P 5
1t b B R, fEIRTER W R, HOREAR RN
MDA i & e vl e v IR E A & & UK
POD #il SOD I ¥ 55 48 hn 24 2 56 [ T+ 5 BE AR %,
Jo AT TEE 55 0 H R SR ROl B . L X S
5 HORE SRR BT IE R YA G

(1]
(2]

[3]

[4]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

[20]

2 % X #t

25 B BUARH R LML et RO L, 2010
INET A N SR, A5 AR IR TP 8 X AN TR 90 2 R R &)
B A A B A R L. MR 4. 2012,38(4) 1 732-739
W E AW 20 22 90 4R AR LAk T B ol AR
B LY. P A 2 4. 2009, 22(5) : 1469-1476
WLEAR 2 i JRIMI AR L 55 FR VR RSO R b b X AR R
il 2R I B R S i S e LD ] 7 PG Al B 2L 2010, 41 (4) £ 326-
328
A Hi T, ST, AL 2010/2011 B TG R AR R
TR A LB xTRLT]. M A2, 2011,42(1) :37-42
Russell T E. Planting and seeding shortleaf pine [ C]//
Proceedings, symposium for the management of pines of the
interior south. USDA Forest Service,1978:7-13
0 e X R o PR AR AR TR A A 0 R e L. AR AL ARl
K222 ,1995,23(4) ; 94-99
Lynch J P. Root architecture and plant productivity[ J]. Plant
Physiol,1995,109(1) .7-13
Chassot A, Richner W. Root characteristics and phosphorus
uptake of maize seedlings in a bilayered soil[J]. Agron J,2002,
94(1) .118-127
T T T D AL R AL A S TR AR 2R R AR R X MR TR I 3 1
i) o7 K HATSEPE TR [T ], o B A S ARk 241, 2011, 19(3) -
619-625
Wl . B RH A T AL . AR B AR 4 25 Je T R G
WM LT, B Y2, 2012,33(7) :1235-1238
2R TR WTRR 32 57, A AR 3 X 1 2 4y B R Al Rl
PRI NG 2o 401k 1 5% e [ ). %2 ORIk B %, 2010, 38 (26)
14258-14259,14271
AR 2 AR A W, A AR X S [R] v R R R AR AR
B — e R AR M L) ], R AL R 2422 4, 2012, 33(2)
178-182
RO AH I 2R . 3 AR AR R L RN 4 9 AR FE A AL
TR LT ). AR 244 . 2011.37(3) :496-505
R I R AR B A AL SR (M. U i SO R
#1,1983:128-133
R R AR AR B S R R LML b at i S HCE W AL
2006:210-211
0 5 25 W B SE AL B WEHE " 22 RO 7 X R LA AR
FIAE A0 0 0 B SR AR LT )T 74 A B A 4R, 1990, 9
(1):79-83
AEE L INEE B TS SR R A R AL 0 B R B R
[MI. dbat . i % #0F AL, 2000:195-261
5 . BACAE W AR B A S 15 R LML b5t Bl A AL
1999.303-305
Neumann G, Rémheld V. The rhizosphere. Biochemistry and
organic substances at the soil-plant interface. The release of
root exudates as affected by the plant physiological status

[M]. Boca Raton: Taylor and Francis Group,2007;23-72



80 HOE ol Kk % R R 2014 48 55 19 %
[21] Choi K J, Chung G C, Ahn S J. Effect of root zone [27] 0. T E L ER1E 4 . 2. {0 IR D 30 X 36 T 06 22 5 0 F AR 15 1%
temperature on the mineral composition of xylem sap and PREIG PER S [T, I R Al R 2 [ AR FL A IR . 2002,
plasma membrane K™ — Mg?" — ATPase activity of grafted- 33(3):302-304
cucumber and figleaf gourd root systems [ J]. Plant Cell [28] W30 2R 2r. (IR 55 L X35 i i AR R b it B AL R 48
Physiol,1995,36(1) :639-643 B EZ M [0 I I Ll Ui 9 27 B 2 4l BSR4 . 2008, 24 (5)
[22] RO BRIBEWT, 55, (R0 58 T HUBUR 2 A 4 B A #i g 19-22
PE g RELT . v B SE 2007(3) 1 12-14 (290 ¥4, S0 27,302, 55 AR B 30 0] 38 74 BF £ K 4 i fudE v iy
[23] XU AR bR V2R, 55 AR TR X BE X & /N A KR E K B[], ROl R, 2010,27(3)89-92
IR AW 5 e LT, T 5 Hl DX Rk BF 5T . 2010, 28 (4) 2 197- [30] M8 KA. AW iy B LML db 5 . b = 40l B
201 AL, 2003.:257-279
[24] SREA L K EE T2 RARE 55 8 B 00 3 45 4 0F 52 [31]  J=Ieuh .y b Mo 70k AR AR M ST FE M O R LT ). i %
O RKITR 2 24 - AR BE2F IR . 2008,5(3) : 17-21 U85 B4, 2005, 14(4) . 21-24
[25] B, kORI, S0EE. ARIE M3 X 4 4 LT il [32] oy i, SRaHE, A, S5 A3l T v AR 2 0 A1 T 3 5% e 368 1 g
KBTI AR B IR L1997, 18(4) . 22-25 S [T 0 AR 25 2415 2006, 17(3) : 390-394
[26] Z=3E4h, X5, ELAZ. MW HL 5 FAEYF o st k] [33] WHEE, TW. A KR xR 5L 0 E B A 1k 1R bR 89 52

PO AR W) 2 4R . 2000, 8(1) :70-80

(1. Sk BAAR M K2 2248, 2009, 40(3) : 349-352
FAES . E Lk



