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Formation, morphology, and structure of special root hairs on nodal roots of

winter wheat ( Triticum aestivum L. ) in middle and late growing period
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Abstract: Under conditions of the field experiments, formation, morphology and structure of special root hairs on wheat
nodal roots were studied. The results showed that special root hairs formed widespread around the basal parts of wheat nodal
roots after jointing stage and that distribution of special root hairs on a nodal root could be divided into the concentrated, the
moderate, and the sparse segment. Length, diameter, and density of the special root hairs on the concentrated segments
were greater or more than those on the moderate or sparse segments. Among those, differences both in length and density
between different nodal root segments were extremely significant (P <0.01). Length, diameter, and density of the special
root hairs decreased with advance in growing period. Most special root hairs were distorted and deformed to some extent,
protruding or branching of root hair cells was a general phenomenon in middle and late growing period, and thickening of

secondary walls of the special root hairs occurred.
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BEA N T ZREE 4, 1 M/NEFRAREZ MK AA 10 km LB 24 BT A DNERBRMEE K
AP G SR R AT s et Y S0 T O A AR, T M R LK AR T AR
TANELEBTHNREBLE SESEWHSBUNHE. B, REBEEERERAXE, HES T HEHE
HE AR B X B i 1) T L AR A 1) M, AR B AR BRI R . SR, RAEAR I AR K 4 10
em AREE E ) — SRR ZEA T P UG — BB, B ERMHR S R, B K 2 SONERAR B 3
WL H& A R ISR K . B TRRRBAESETHANEARE REKEHRRE T HRE, Hit
BETEMEMR X THZ DK RS RIS T B REZEER . HES MR LB T/INER
PIRB R ENEAESEW T EREEHRE™ . T Bk, Ut 5ok &N ERERBHRBERR
A JEE NS, A RORERSFHRIR BN AT 5U6E, SRR B WRR R 4G, LI NER T
HeEARss, A EENHIS 5 LR,
1 #HRE5H®

I T 2006 ~2007 4F 7 FE AR K2R B X #E 1T, R#EMDEL HHELBEEVRSTERN 17.8
grkg T AR A, AR AR EESH N 0.9 g-kg™',57.9 mg-kg™',44. 4 mg-kg™' Hl 204. 8
mg-kg ™', pH N 7.9, BffFHEAK 949 (E#ZE 2005015) , Fhir=8 ¥ 8448 kg-hm
1.1 R SRk
1.1.1 Rt

IR T 2B . AbFE N IEA R, 3 3 4~ N KF:0,120 kg-hm® #1240 kg-hm 2, ABFFEH ,EE
SEMER T 3 MAELAEF R 1A, —FE, REAFRKRZRIKEHFA RN T HER AN FER S
RARZ, TR TIRIERRIR BEER A FIE S EE R SR N — IR TES 7 d B 1 )0
50, ISR MEE2ER 3 MERUKF T AT A AN TR K, DMXERN17.4 m*( 5.8 mx3 m) {705
0.25 m,EHE 3 K.
1.1.2  FEUHREFZSIEHN

OLYMPUS CH20-BM B EURA R SE . IR 2 W L o
1.1.3  HE B S5 SR

Ay BT 2007-03-10 (R , ARIRITHIG 7,14,21,28 35,42 ,49,56,63 ,72 d #:47HURE , B 5]t 3 g
(WCERET) o BREURERT , BRI IZ IR B A R AR 15 ¥R, B1E 2 IRIMEURE S Z (B B8 40 ~ 50 cm ]
B , LAEE SR UEBURE BT B8 T 2 B T IR AR R . HIB-AR AR ISR B R 30 em, TR 1
R AR 2 h, DUE R 255 08 BAMGIR , FIER R IR R SR EBHEE. B OB, 2%
ANIBRIAS R B0 E , AR TG FF4PkiE 15 ~20 BE B A RFEHE KEGS K410 eom H B
PRAR B AR LE AR FE BT ARAE , A R R E Z W B E 30 min, SR HBE 70% XS P ARAE, LIS AL,
1.1.4 il F 50WEHE

& B PR, WA AR B LR R B E AN B B KB FHlARR508 8. 9% K HC1 F145%
R4 100 mL, B 1 4y HCl 52 R ZRRIRE, FeHRIRE W, BHREE TIRGWPENS min, RFEZE
B FE 5 min, FAZRIE/KRE ik, AR TARAE LMKy, f&Bh ] R Fifgileh R BRE R AR
B b LY 3 ~4 min, KH MR ESF B FAEEME T, WEHEE S,
1.2 HEEH

RIZEH . JEME4E N 120 kg-hm 2 5 BEERSS 540 kg-hm 2 SHAL4P 187.5 kg-hm 3R i B il N
120 kg-hm™?, 2006-10-14 #&Fh, =m-30E] 2 B , RS BE O 200 J7 B-hm %, Hp a4 2 W) — s 7 H
INFE AT HIN (2006-09 Z 2007-05) FEK 84518 162,50,0,59,6,0,14,64,16,25 mm, 3£t 396 mm,
2007-11-25,2008-03-05 F12008-04-15 43|k 15,30 m® F130 m®, HRBUBEHE 77 3
1.3 Gtk

iz F Microsoft Excel 2000 #1 DPS V6. 55 X EE#HITSE T
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2 ZR55H
2.1 WAMRFFIRIR B Z A
2.1.1 FFERIRE R AN

KHERBHRAE T, L/NERT R R AERIEAEMREESS 10 em (2 =10.23 cm, s =0.59 cm) {4 b3 & 4+
FRIRE, HFEARRIRE F2AYS 5. WRIEAFRR B LR EEERENZ D, TRRHEREELE
X X A RS X GEAE MR X BE) i P X (CRRRAR B & A X Hp [B) X B ) A 2> X (A AR X B ) , oA BE 43 31 ok
1.4~3.7cem (x=2.52 cm),1.1~4.2 em ( x=2.67 cm)f3.0~7.2 cm (x=5.04 ecm) (FE 1),

SRR ERMBE. K ~ FFE(EFRIE B8 #iE, EP XRBEKENR2.5~3.7 cm (2=
2.9 em) ;W ZLNE B XK EZRE A, 2 AWM, KEAS 2 em (2 =1.9 cm), RS [A] M & K1E
(2007-03-21) 3/ T 58.9% . [IEATEERIE D KW ERHHRRBEPXKE () 5K ERE(x) B 7
LRI BEKF:y = -0.0233x + 3.3394,r=-0.870"",

HREE P AR B AL 5 4 i XA — 3, BMR T LAR BEE £ B S mz dis . 5P K
BEAR A TS [ (52 , 38 Hh DX LE HE 3R Hh 0 DA S AT R B8 B K, e 28 B 1 B B O 48 340 1) F) 3 K (2007 - 03-
21) WD T 72.9% o FEASHTEERIGH IR ERRRBEP X KE (v) 5K ERE(x) B AAHRLR
P B EKF.y = -0.0302% + 3.7258,r= -0.810"",

F1 FEEBFHHNMNEREREHRBREEERRHIKE (cm)
Table 1 Length of different segments of special root hairs of wheat nodal roots at different growing stages
SR s [E] (H - H ) Observation date( month-day)

M X Bt Root zone

03-14 03-21 03-28 04-04 04-11 04-18 04-25 05-02 05-09 05-16 05-23
RBSE X . 2.87 aA 3.63 aA 2.6 aA 2.5aA 3.27 aA 2.83 aA 2.57 aA 2.63 aA 1.77 aA 1.63 aA 1.47 aA
Concentrated root hair segment
WBE X

. 3.13 aA 4.17 aA 3.07abA 2.73 bA 3 abA 2.9bB 2.9bB 2.63 bB 1.87 bB 1.83 bB 1.13 aB
Moderate root hair segment

#EHMi/> X Sparse root hair segment 3.03 aA 3.03 aA 4.17 bA 4.77 bA4.37 bA 4.87 bB 5.4 bB 5.67 bB 6.4bB 6.5bB 7.2 aB

FRRAR B D X AR B B 7RI G — B 2 B K&, B 28 , 7 29 B2k WS A i) B K 1E
7.2 em, ZWEH ] FR/IME 3. 0 ¢m(2007-03-14 F12007-03-21) [ 2. 4 1% @i RGEMEL LB, KRR B/
FET- AL, B e MR B A X (ARG TFG. W

—e— M X Concentrated root hair segment

?ﬂﬂ%ﬂl‘ﬂ*ﬁ%?ﬁ&" IZ:JL/QJE E/‘J E’ﬂﬁ , ﬁé Eﬁ %%Eﬁi&ﬁjﬁ —.— *E%iﬁtﬁlz Moderate root hair segment
i;:_[: ’ %*‘%*ﬁ%ﬁtiiﬁﬁﬂéﬁ'ﬁ% ’ ﬁgﬁﬂeﬁgi o E‘ Uil ™ ﬁif ;o?hz%ﬁzgﬁ% or root-hairless segment
ST RAE KRR RBE P K KE (y) 5K 160

140
120
100
80
60

40
20

0

JERE (x) HMIEMHRRRERBZFKF:y =
0.0574x + 3.0258,r=0.980""
2.1.2 FFHRIREHE

P —FRIE B B], A R IR AE AR X B EAFRAR B
HIBEEEAR LA K, 2 40 ~ 138 Zemm (£ =90 % -mm ™) ;
TRV 5 R B 18], R [RIAR X B iR AR B 1 %5

Density of special root hairs

B R A% K (F/mm?)

l l 1 1 1 l 1 l l l

E AR, AL 22 ~ 83 55 cmm ? (x =49 T 538332488 8243
[sa) o o < < < < v v e e

(=) (=) (=) (=] (=) (=) (=] (=) (=) (=) (=)

S -mm ) (B 1) BT RWZER 1 RUCER |, Rig S Omvereation it
RREENK GETKERH DK, FFETHIRE
BB 7S A — B LR — 2 S AR X B ]
RER Y% R HBH B E KT (P <0.001) : hHi—
TR B ], B X K 2 (X BOAR SR 43

BT NI A T AR AR A IR AR R 1 R A B
Fig. 1  Density of special root hairs on different segments of wheat

nodal roots at different growing stages
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7122 ~138 4% -mm > (=128 %% -mm >) ,92 ~105 £ *mm > ( £=100 2% -mm ) ,40 ~60 % -mm > ( Z =
45 %% +mm 7)) s FRIER FAEME, EF X GEPR HORIRBHEESH N 75 ~83 % mm? (2=79
4% +mm™?) ,48 ~77 4% -mm * (=63 %% mm ?),22 ~23 % mm ? (=23 £k -mm %),

BUHF I RIEFE FRRR IR BHE (y) 5RTE R (») EREBR BERN AR EHEREFES
AT R REUE W B G FE N .y = -0.5714x + 139.24(r= -0.650" ) ;i@ H XA P XIREBHE KGR
B E I HFFE4r 8Ky = —0.5325% + 111.82 (r= -0.720"" ) fl y = —-0.3463x + 52.727 (r =
-0.750"" ),

2.2 D/_(ét*ﬁ*%%*ﬁ% E/‘J%‘j&‘—:‘i%m —o— MEHH X Concentrated root hair segment
2 —8— HEEH X Moderate root hair segment
2.2.1 FIRRBKE —a— WERDKRIME K
iﬁ:’ﬁ_%ﬁ% ﬁE%ﬂ |‘ET‘| , D/—( EE*EZ‘\‘ |§J [Z“‘E{i_tq%ﬁ* *E £ Sparse root hair segment or root-hairless segment

R AR, S Xl X D X AR B A B 43
52570.85~1.09 mm (x=0.96 mm),0.44 ~0.50 mm
(x=0.48 mm),0.13 ~0.24 mm (x =0.18 mm) ;¥
PR LG REBRKERE 48, P X GE& P X D
XHRBRKESH70.40 ~0.98 mm (x =0.69 mm) ,
0.30 ~0.50 mm (x=0.37 mm),0.10 ~0.20 mm (x =

WBRAKE
Length of special root hairs

0.15 mm) (I2) . [2 fiilt, 767 | Kk ML, R °~2°T—*-/KH+‘\‘/\
RIKE: FRBRRE K BRI, 2R K > & ol
HIX > K (P <0.001), MHZT, HORKRER 223433332233
K BEFEAR ] A B B I AL — T HL A P (LA 3T MM Observation date

a4 S R R 5 TSR P DA F DO B 9 K BEAE R B2 NEARFAE IR AR RSO B B
UG B3 TR, BRI TR AR EAEMRITH  Fig 2 Lengh of special root hairs on different segments of wheat
RE, K E AR R R A B & A, nodal roots at different growing stages

EE A R L AR A RIR X B EAFRR B
KB (y) 5RATERE(x) ZE M A RE RBHHA B £ KRB K E SHT G KEE K BIE 572
My = -0.0052x + 1.0674 (r=-0.650"),EFXKEIIFTHFENRNy = -0.0022%x + 0.5274 (r =
-0.710"") , %P X EIE AR y = -0.3463x + 52.727 (r= -0.450),

2.2.2 YRR EER

WAT ~ BN B, ANAFRX B EAHR R BN EREMIRER/N PR EFX HIOXMREE
BN 5.2 ~10.2 pm (£=7.2 pm),5.2 ~6.8 pm (£ =6.1 pm) ,4.3 ~5.5 pm (% =5.0 pm) , LS,
FHRREEREER/DN,3 MEMREERS R 4.3 ~10.2 pm (£=6.2 um),3.7 ~6.7 pm (x =4.8
pm) ,1.6 ~5.3 pm (x=3.2 pm) (& 3), FHMNE 3 EBRTUFH,7EF 1 ZRAER L, RARIX B AR ER
HREBEARR,BRIKT ~ ZHEH BN, LEARA TS WL EHE B WRINEPX >EFEX > FHPX
(P<0.001),

BE TSR BRI, RAERAFRR X B ERHRRBER (y) SR E R (x) ZEPH AL REE
BESHBEAHR, REAHXXRARBEE K- EFXBEERSRTEREBGEIRATER y =
~0.0316x + 7.5909 (r= -0.370), & & KA S K EIE Y y = -0.03165 + 6.5909 (r =
-0.690" ) F1y = -0.0512x + 5.9561 (r=-0.880""),

2.2.3 FFHRIRERS

TR ET EFE SRR E 3T VR R AERRRR B R EE—E, iR B RERIUAE, i AR

G R KL, X SHHHBREAERFM TOREZEFERER (B 4) R e, RERTHE
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AR AR FRERHRERIE (B 5) , AR WAL
i, i H AR AT LR AR R A (B 6, 7)o
AR T, RE R BABE ZBAR, A HIWEA 3
AL, WEEGERIESE ), FRPRIR B 0 BOA R 2B
TR BPIRME DL . BEE /N A T, SRR IR B AE
BA& EWEET —RIIKL : SEFHHNFRRE
FEL, JE MR IRIR B i TR BR N E E AR
L RRR B ARSI ek RBAMEP =,
BEROH; i TR SRR H R BRARBRE AN
R, £E2REE,
2.2.4 FEBRREBEH

WMEERI, BRI B aBR B G
5, BBEYIR. ERLERRIRIR BN, 7T 7 0h DA%
BRI R AL (B 8) o HEHE AT, 41
GRS E M T , ARG FRRAR B4 AP AT
SN RBRWHAAE(E 9) o TTER —LIRBLAMH,

WA BN ABL . FEERBRE SO, A MBS BHRR JH R WMEIE R I, AT 5 RKAEARFRIR
WREBHRAEREZHMERSR , HZMERR A R —RBIRE— X BHN, TR AR RFRRBE G
BANEBSE (B 10) o A5 H 0, FFIRAR B A 40 B B 20 20 B AR T B 0 I s AR 3 5 300, AR R AR B 30 0 40 M
TIT R SO R R AR, BEE 40 M A5 8 5%, o IR AR B 253030 T W46 2 — SE R UM R R BUR I 454 (B

11) , BBEH BRI K AR S B RIRIR BHE T,

B4 N BER B — R BT A( x40)

Fig.4 Normal morphology of general root hairs on the maturation

zone of young nodal roots of wheat seedlings ( x40)

3 HFiE5itie

WG , /DEERFRAERTERRBATOL R ERE . EERRAW AR, RBERALL EBER
B E MR BREFET TR AR B — R 15 ~20 d, T B BEHK K R B AR B & A B Bl 1) T #E3dk

&l 5

Fig.5 Morphology of special root hairs on the concentrated segments

WEHR (um)
Diamater of special root hairs

&l 3

—o— B4 X Concentrated root hair segment

—8— fBE X Moderate root hair segment

—h— WBEPKRTGRERX

Sparse root hair segment or root-hairless segment

12.0

_
o
o

6.0

4.0

2.0

03-14

03-21 -

03-28 |-

I

<+
<
<+
S

Wi

L)

—
i
g
fil

05-02 |-

04-18 |-
04-25 |-

Observation date

05-09 -

05-16 -

05-23 |-

N [ A T ARSI A AR TR R (L AR R AR B 1 ELAR

nodal roots at different growing stages

of wheat nodal roots, showing protrudings of root hairs ( x 10)

Fig.3 Diameter of special root hairs on different segments of wheat

INEUHERREARB R P K RBITBS(RBRGE) ( x10)

T4 KRl X SR 55 7 22 (AP b s ) AR T BT IR R WA Z 1.0 m 12, BRI,

B ARE A X CEEHARERT 1 m 2o SR, FERTTE AR 7= SE B b e B, 4535 LAV R AEARAR A L 3, B
MHBREETITIRZY 10 em 2R FIRBE b, WiEE A “IRE" . XL RBEIIFEE LS —BIRBEEY
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BIZER BTN ZFRZ N RRAR B . R, XTRRIR B AL G50 D RE S T , B IR A BT o
““““““““““““““““““““““ - e
i i Mw,ﬁm /A'f"’ " /’ . L .

.

.
K6 /NERAERIEHRRER S XRBIEESFRBAED) (X B7 ANERAERREHRRBE T XRBRIEES (RRBA B
10) i) ( x10)
Fig.6  Morphology of special root hairs on the sparse segments of Fig.7 Morphology of special root hairs on the moderate segments of
wheat nodal roots, showing branchings of root hairs ( x10) wheat nodal roots, showing branchings and twistings of root hairs ( x
10)

B8 NERAERFRRBLEF KRB ORRBANMEZ) K9 NERARREIRRBHE PR BRI ORRBIBIE) (x

( x40) 10)
Fig.8 Structure of special root hairs on the concentrated segments of Fig.9 Structure of special root hairs on the concentrated segments of
wheat nodal roots, showing the nucleus of the root hair ( x40) wheat nodal roots, showing vacuoles of the root hair ( x10)

ARG AT 5 AR B UKL 10 em RA ER A, TEREAERR 10 cm LU )
WREB EMAR R R, ERFFRIR B R A X B b AR B B0 H A5, DO A ki 2 A Ak, 2 BEHH
ZEND7 RS FRRAR B R A AR R DRI H DX X BE A K B2 B A 7 300 2 T 40, A 20 AR B B U S
K, RIS AR B H R A% WS A I/ dy AT R OBEE R 8 R AR B AR B 12
L FRR T R AR AR @ B IR R B A K BORMR B L AL, RAFIRR B 53t EFAERK AT 1 Fitd
BIERL, FERIRTROE G , Wi i b8 1R, AR R (LIEIR B ) JT 4R E f T8 T2, BP 7L J o 72 s
TR BECE K
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BI10  /NERAMREIRR B 4 P X AR B 451 R R B IR AR BE ) B NERAERSRAR L KRB ORRBED) ( x

( x40) 40)
Fig. 10  Structure of special root hairs on the concentrated segments of Fig. 11 Structure of special root hairs on the concentrated segments of
wheat nodal roots, showing secondary cell walls of the root hair ( x40) wheat nodal roots, showing apoptosis of the root hair ( x40)

FENEEFREMT NEREZHTRE TOREAEREM ™ e EP KT, b T2 LEH
RIS, KZBOREIN K AR R EE TG s il o AR ST AR B, R kAR B 40 i HL A 8 A4y
B, 2B R HIEA QR UCAE BRI, X AT SRR R AR B B AL 40 M K 2 K IR TTR T 1R e S RS b
18 A — T O SR AL o

WBEEERIEIE ) FPRR B AT R, A B BAER T UG — HAAIE T Bk . BRI, R ERAR B AL
T BARB RS AERER . WRTTRRE JTER AT BN AR B S AR KORKE, BAH
0 FR) A 5 B AR B AR, LA X J= 39 Kk 40 3R 2 4 R A5 R P 45 D T O RO P T TS G %
BRI B FIGETA o 45T 00, FRIRAR B R AR BRI AR 7 SERR R S, IBHEARIR AT IE
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