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Effects of water and phosphorus supply on morphology and structure of special

root hairs on nodal roots of wheat ( Triticum aestivum L. )

ZHANG Jun', HE Dexian' ", DUAN Zengqiang

1 College of Agronomy, Henan Agricultural University, Zhengzhou 450002, China
2 College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, China

Abstract; In this study, we examined the combined effects of irrigation and phosphorus supply on morphology and structure
of special root hairs on nodal roots of Zhengmai 9023, a strong-gluten cultivar of wheat ( Triticum aestivum L. ). The
experiments, conducted in the middle and late growing periods in 2009 and 2010, consisted of a 2 x 3 factorial
experimental design with four replications. The effects of water supply on morphology of special root hairs were significant
after jointing. Increased water supply was associated with significantly decreased length of special root hairs. Compared with
those in the waterlogging treatment, the length and diameter of special root hairs from jointing to grain formation in optimal
irrigation treatments ( P<0.01). The diameter of special root hairs slightly increased before jointing, and thereafter the
differences in diameter of special root hairs among the different water treatments gradually increased. There was a
significantdifference in the diameter of special root hairs between the solely rain-fed treatment and the waterlogging
treatment. The length and diameter of special root hairs increased with phosphorus supply (P<0.05). For special root hair
length , there was a significant difference between the control ( CK) and high phosphorus supply treatment in the solely rain-
fed treatment, and an extremely significant difference between the CK and high phosphorus supply treatment in the
waterlogging treatment. From jointing to grain formation, the difference in special root hair diameter between the CK and
high phosphorus supply treatments was extremely significant. After grain formation, the diameter of special root hairs
decreased significantly and the difference in diameter between the different water treatments was not significant. The length
and diameter of special root hairs significantly increased with phosphorus supply at a fixed irrigation level, and significantly

decreased with soil moisture content at a fixed phosphorus level. After jointing, in the rain-fed treatment coupled with high
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phosphorus supply, special root hairs were full with a complete structure, thickened cell walls, distinct nuclei, vacuoles,
and mitochondria. In the low phosphorus supply treatment coupled with waterlogging, special root hairs were twisted and
deformed with thin cell walls, diffuse nuclei, and indistinct plasma membranes and microbodies. These results indicate that
maintaining soil moisture at appropriate levels and increasing phosphorus supply could increase the length and diameter of

special root hairs on nodal roots and retain favorable cell morphology and structure in wheat.

Key Words: nodal roots; irrigation level; phosphorus supply; combined effects of water and phosphorus supply; wheat;

morphology ; structure

HEBAE N —Fh i Ak AR 26 e 20 A, ZEAE ) W SOIR 8 U RE w2 AR H 0 IR B i i 1) ' 9 o0 3= Al B LA
KA TR REE IR EEAMER AR RN, RBAAERKS LA R %R, Hpon
B EL A AR R SR KE (Hordeum vulgare L. ) HR B WS AL T T ek ) W 2L 3%
SN NS A P ORI AR B B e B R B = i LR R AR ED SR, A B AE R
ARl S5 1 T LRI Y (Arabidopsis thaliana L. ) XM A B 185 BE 45 2 Bl 75 FE B 19 3—5 (52, e W bl
A SARBRIERRA K R, MR B AR K B 3R 0 VR A WL A T ) AR B 55 35 43 =22 1] A A R g el o0 o
MAPIRER IR Z — RERIATED BUE TR B R T 5 HRE R FZ0 J7 AR 1A TAE  {HiX LepfoE 2% H
FEAA PR ST DA ST AR R HAEY AR 4 o RIS —SemF 50 i K BIVEMAR B , K2 AN DL SE 56 5 i 4%
IR HRIGIAR AT EL, T AGS AR R AR AR SR B AR = S8 Fr, [Rl AHOCHIFGE ik = 4 A B I R
bk WP R = SERE . BRI, AATTIEAS 1 iR AR 7= S e b i o A VR 0 AR B AEAS [R5 25 K7 F (19 52 B
KB I RBRAS A FBE R K RN 225, T TFYEY 5K R, LU B SCR BRI C BB AS [ 7K 4 45 14
TEWAR R IGTE BN A3 JEAMZER AR BRSSO 0 R WA L S 5T 0 AR TR K 43 5 A R AR B 1Y
REMIAE, HHERERAEREATNEERNREZ —  BERHRBEEN LA WRER, HTA
TR BRI LRI, KM E TR R B LA i TRES ARRKSZME FEESYS
S RGP o D) o SR A L, R TR AR IRAR B, BTN R EEHGE T AR AR B kAR & B DL
AL ST LI R KB R A /N A MR AR T8 2 AR (RS R RFF 9, LA SO I S T S R L 8 4
W REES SEMN 2SR, G BB IE RS T8, A 80 ER B AT, MR R4 BT sefE iR} 2
A
1 #R5RH*

ST 2009—2010 7R g A My A2 # B X R4 T . At i Ry BT 22 D H i by T AR R
JETRR S/ INAZ < KR 22 90237, ik BnHh A BT VDR BE)E HIEA LT SN 17. 8 g/ke, AR IR A A SR
HRURE YN 0.89 g/ke,57.9 mg/kg,14.5 mg/kg Fl 154.8 me/kg,pH {8 7.9,

1.1 5t

KHZ S BT, % 3 DARRIK TR, A2 T 3 DAFEISEE, 0508 . OFUKEE B SRFEK (W, ) 5
QEATEWE (W), BV 2 M /N2 i 7 HE K O AT HE I s QPR FHB RS (W) o B /K A b B 3 A4t
WK, 4350 .0 (P,) ,80 (P,) #1160 (P,) kg P,O0/hm®, /NXEAIHN 17.4 m*(6 mx2.9 m) {7 0.24 m,
12 17X, R 4 Ik,

1.2 WFRTE
1.2.1 Ko ik

BRI AL B FE 2 150 em 58 50 em AYI5EA B 2 282 A A FH RIS S8 90 B | 9 BT 30 em,
MU+ SRS DK IS IE . B2 A A IR AR bl T FH i 0 2 5 SRkl ot A B A B A2 77 B R 180 m/4ifl, 25
kg, 54 m,J20.4 mm, OW, . 2 RHERE ;@ W, . 435 T 2009-11-28 ,2010-03-10 F12010-04-17 #EAK , B IR
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K30 m® HEK T XM ;D W, & RT BRI R 10 d HEME 1 K, KN 10 m’ s WIS AR S d
VEE 1 U HEAK R 20 m? 2 B IR R R IR Bk R 95% A . AR AT ERER I ], 135 & B 1k D)
B R K ZMEATE . Z BT LR A ) 7K a4 i vk, — O TR S R T R A R R 36 U100 A 7 S B, B
TERE IR A R PR BT T /03630 TR b e 25 i i (A A AR ) Rt 2 (iR ) AR R XHAR R k & s s 3 —Jr
T, A0 FH T /K S R R (TR 30 m DA b, g Z BB 27 m LA L), BRI S 00 95 BRIV 6 J2 A B
FTE,

1.2.2  FEAUEREASIEH

OLYMPUS CH20-BM ! ffl K AL B R 48 \ EMITECH K850 Ifffi 4 55 T-##%4% \HITACH E-1010 M4/ ,LKB-V
U] F AL FET QUANTA200 F14# B 7 2. 8085 . H 37, H-600 3% 5t e, 7 B B 2R A8 8 45, A B ER
W ALY B R SR | PO 4Lk Epon812 AUBRF  BERR A AR AT EHRA
1.2.3  H[EBORE SRS AT AL 7 vk

T2010-02-05 (GRT W) Frin, B0 5 d BORE 1 R, ELR AR B BURERT, BEVLE BRI 2 8 R b 3R
FACKAERIRIRE 15 Bk, FERRIZIRIREE N 30 em, B 2 WIHURE S 2 (8 B A 30 em DAL B8] B, LAGBE S0 FiT IR
HURE BT B T 1 2s BRsg ) R IBOREREAS I AR e

FB AR A ARKE B A DK SRS N B 2S00 2, ARAE vh e T3, I BT U B
FIRRC R AR SRS APkt 15—20 BEK 20 10 em HA R ME H E AR RAR B A0 IR A AR L FRAR L
A TG 2 WP 2 30 min, SR RS 2 709% TERS AT, LA &tk B s i ge

TIEBUCE 2B REAEMAREE, — VN 1 em ZEA OAREE, B 5% I W (pH A 7. 4) R TE,
DL BAEER . 55— R ) R R AR AR B R B A IR P ARG 6 A 10 ml B0 7
-4 CARIE T 5000 r/min Z5.0> 10 min, SR UEE IRIFIRE T 5% I W (pH 7. 4) H, LLES B S L 4
BEEE,

1.2.4 il 505k

(1)Y= BREEIEE IR FfER e R B R RR B EEI L 1—2 R Y, e 2—
3 min, BEHSAIGERAR BAE B BT e AR T WA HIE SRR

()T RN OUIBKA 1 em BARRR TR AERMR B, ST B A 4% 15 W
Eo @M 0.1 mol/L MR ZZ vh ik (pH7. 2) W U 3 IR, K 20 min, @K MW EE Ky 30% ,50% ,70% ,90% ,
100% 9 ZBEWE K 5K 15 min, OBSTR SR EH 2 K, HIK 15 min, GIRA ST, ©FHEHE, 8T
FEI QUANTA200 4948 Fi - W Ao B WEE Fa45 .

(3)iBHT T RN ORFE, KRR TR L B A 4% 1 R 2§ E 4 h J5, 11 0.1
mol/L WEMRZE Wik (pH 7. 2) THUE 3 WK, 51K 20 min;2% BIRMEE 2 h, QWK BiE S50 BE, 49H
30% ,50% ,70% ,90% N ERZIMEIK , 2R 5 FH 100% NEARGE K 2 WK, B EF K 30 min; Epon812 £ HE | & 205
& AL EIRAR T T 37 °C,45 C,60 CIRE T/l kG, @MY G, FH LKB-V B Y] 5 Hl
PEATAEMEY R R 50—70 nm; AhATYL (L BT H 37 H-600 BB 5 1 i flse F ISR A4,

1.3 =&

FIER S, AL N 120 kg/hm?, S8 /LA0 187.5 kg/hm® 4K T WA ME4E N 120 kg/hm®, 2009-10-16
FEFh, FhAE2E R 240 7 /hm® , LT AR G H R — e e L, /A AR F W (2009 4F 9 H—2010 4F 6
F) B B BRBE A DL EAT AR, 72 A B K 43908 80,9,47,1,0,14,16,56,22 19 mm, 3531 264 mm,

1.4 Sitath ik
iz JH| Microsoft Excel 2003 F1 SPSS 17.0 X 88 #4753 7047,
2 BEREHH
2.1 KBEREG X/ AR AR ARAR B A BE B 52 )
ANFHEK HEREAAAE T B2 RN RAE AR AR B K E R 0. 20—1. 10 mm (x=0.64 mm,s=0.09) ,
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Bl T K oS A = R B B AR AN ) A 7 B AN [) - 40K 43 kb ] 1 AR A R 32 3R B k. W, <
W,<W,(E 1), B 1 RS0 5K 534 B AR T 14 52 0 401 AR, FLRE R 3K & s iR T
KB T RRIR R R, A ST, /N2 A B R 1 SRR K et S L1 o A 130 AR /KO W IE] W 4b
RS R A R PR T AR B A I W, BT R AR XS EOK SR A ORRTE 95% A4, HIES RN
JE LRI, IR AE R WY, A 7 I b AT 3 el R R, DI AR B R, R L AR TEARE
IO O 1 R T SRR B R D SRR AR S BB, R BERRR AR BRI K, 7E W b B
o P AR B K E N 0.67—1.17 mm (x=0.90 mm) , i P, (AR B KNI H 0.34—0.86 mm (x=0.60 mm),
FAEAIRAE & B 22 R348 B E A W AR PSRBT FAR B B W AR, ThifE
W Abs b AN REEBEZKF T AR B B B IR BE T R R F W, P, 5 Py AR B EE 439929 24 0. 20 mm AT 0. 35
mm , A [E] 4 25 T ARTE N B E KO s B A B A E MR B A 22 SR, B4 8 ) 1) 25 A i 2K
- X UERH R A E T B AT T R IR K e LR B R R AR B
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Observation date

Bl1 FREKHBEGHTNERERFHFRERENTL

Fig.1 Length of special root hairs of wheat nodal roots at differentirrigation and phosphorus supply levels

F1 FEMKMEEGENE R ERBEHRIREKERN M

Table 1 Effects of different irrigation and phosphorus supply levels on length of special root hairs of wheat nodal roots

Qb3 WL [E] Observation date
Treatment 02-05 02-15 02-25 03-07 03-17 03-27 04-06 04-16 04-26 05-06 05-06 05-06
WP, 0.349 0.400 0.428 0.580 0.680 0.670 0.828 0.852 0.856 0. 600 0.500 0.457
cdBCD cdBCD eD bC cdBC dDE bcABC c¢dBC beBC beBC cdBC bedBCD
WP, 0.410 0. 600 0. 600 0. 600 0.828 0.856 0.845 0.900 0.992 0.755 0.700 0.500
- bedBC abA dBC bC bcAB bBC becABC beBC abAB bB bB beBC
W P, 0.670 0.670 0.700 0.868 1.000 1.008 1.037 1.100 1.165 0.975 0.900 0.700
aA aA bB aAB aA aA aA aA aA aA aA aA
W, P, 0.300 0.400 0.590 0. 600 0.637 0.654 0.655 0. 640 0.700 0.573 0.500 0.338
- cdeCD cdBCD dC bC dBCD deDE c¢dCD efDE cdCD cdBC cdBC deCDE
W,P, 0.428 0.500 0.620 0.700 0.800 0.790 0.824 0.824 0.828 0. 600 0.500 0.456
- beBC becABC cdBC bBC cABC beCD bcABC c¢dBCD beBC beBC cdBC bedBCD
W, P, 0.500 0. 600 0.941 0.955 0.952 0.975 1.000 1.000 0.986 0.631 0. 600 0.592
- bB abA aA aA abA aAB abAB abAB abAB beBC beB abAB
W, P, 0.200 0.240 0.291 0.330 0. 440 0.375 0.460 0.540 0.560 0. 440 0.336 0.240
: eD eD fE cD eD ¥ eD fE dD dC eC ek
W, P, 0.291 0.340 0.477 0.572 0.590 0.555 0.614 0.640 0.692 0. 440 0.381 0.291
: deCD deCD eD bC dCD ek deCD efDE cdCD dC deC eDE
WP, 0.350 0.540 0.680 0.696 0.713 0.708 0.745 0.735 0.865 0.617 0.540 0.445
) cdBCD bAB beBC bBC cdBC cdD cdBC deCD abcABC beBC cBC cdBCD

[l —FEE AR A A R NG BORE 783 R 22 7 I 35 (@=0.05) Btk .35 (a=0.01) K-
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WA REI (R 1) KNG WE L WARRERKE, AFRAFH, W, P15 W, P 12 750 i 2%
KV IRE—F RO B, FRERAR B B R i a3, B FR08 AT , W, P, AR B K 3 35 L4 41 1)
HIFARAE 1. 17 mm, T W, P, ZEBRZH A ALK 0. 56 mm, — ] (1925 bl B K TRIE R LG B K
B AR, BRI R Rl 55 KRR IR R ACT RIS, T BRI 1 e 45 AR BB (L K S v T
AR B EE B AIE 32 BK ARG 520, R S rh 328 BE7K 43 Jihal 2 N 3 R AL , WP IRAR B K
JEEELAT 50 2 AR R NSO 172 49K 43 A 22 e 3 Ao 3 A P, T % i - 49K 43398 B PR AR A B
2.2 KBERE AT/ INZE AR ARARRAR B AR RS2

ANEMEFEEE TR, NERREEEA N 2.8—23.8 pm (£=11.9 pm,s=1.08) , N[ 4 W F 5
“A—m—IK" ARk (B 2,38 2) o B2 RT3 HT, BEA 30K AR AR A B, (A AR AR

—o—P1 —— P2 —&— P3
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Observation date

B2 AREMHKEBEGTINERERBIAREEEHETL

Fig.2 Diameter of special root hairs of wheat nodal roots at different irrigation and phosphorus supply levels

F2 AREMEAFIEBLENNEREREFRREER

A

Table 2 Effects of different irrigation and phosphorus supply levels on diameter of special root hairs of wheat nodal roots

QbR WL [E] Observation date
Treatment  (2-05  02-15  02-25  03-07  03-17  03-27  04-06  04-16  04-26  05-06  05-06 05-06
WP 4.32 4.59 4.70 5.00 6.00 8.70 9.40 15.00  18.00  17.80  17.95 13.40
H dDE ¢CD eD C dDE ¢BC fD ¢deCDE  ¢CD bAB beBC deD
WP 5.57 6.96 7.20 7.40 12.20  11.59  14.60  16.60  23.80  18.92  18.12 16.10
2 beABC aA bB bB aA abA ¢dBC  bedBCD  aAB abAB  bcABC beBC
WP 6.35 7.01 7.29 9.25 10.20  12.80  19.00  20.53  25.39  19.60  18.40 17.30
e aA aA aB ad bB aA aA ad ad abAB  beABC bAB
WP 4.00 3.90 5.20 4.90 6.90 7.00 9.00 17.59  19.26  17.59  15.95 11.72
2 deE dE deCD C ¢dCD  ¢dCDE D becABCD  heBCD bAB C eDE
WP 5.01 6.05 6.98 6.90 8.00 8.20 14.90  18.26  22.74  22.30  20.30 16.80
22 ¢CD bC bB bB C ¢BCD ¢dBC  abABC  abABC aA abAB bAB
WP 6.05 6.90 9.70 8.79 10.59  12.20  18.60  19.10  23.75  22.60  21.80 19.80
23 abAB aAB ad ad bAB abA abA abAB aAB aA aA aA
W.p 3.50 2.90 2.80 3.50 4.50 4.60 11.20  12.60  13.00  11.00  10.70 9.32
A eE dE fE dD eE eE fCD eE dE C dD fE
WP 5.50 4.75 5.90 4.50 5.60 5.80 12.50  14.20  17.00  16.00  16.00 14. 40
2 beABC C ¢dBCD cC deDE deDE  deBCD  deDE ¢DE bBC C ¢dBCD
W.p 5.40 6.20 6.50 9.00 10.40  10.60  16.20  17.60  19.40  18.60  17.10 17.00
303 beBC bB beBC aA bAB bAB beAB  becABCD  beBCD  abAB ¢BC bAB

R —FEHR G A ARVNG SRS R FoRn HE R IR B3 (a=0.05) Bt B #E (a=0.01) KF
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FEAK A5 AR RIK AR BEE AR B BAR A 22 S 2 i K, 2 e I, W, 5 W, AR B B AR50 3k 18.0—
25.4 pm (£=22.4 pm) 5 13.0—19.4 pm (x=16.5 pm) , 272K B E K, TRIELLG , HR B B2 B 250
INW, W, W EER SN 13.4—19.6 um (x=17.5 pm) ,11.7—22.6 pm (x=18.8 um),9.3—18.6
pm (x=14.5 wm) AEPEA] )22 5 AR IK BEFKF, ZWFTTEE R, 18 450 5K o nl 3 AR B4 B AR,
[, 3K 5 X AR B BRI E R R T G I, AFEEEBEAKCOE W2 5 R kR & B, RN P <
P,<P, (& 2) , BB AT AR BURF IR AR B B AR /DN . 3K —F ROE BU ], B E dE ko4 e I B BAR
WERR P, P, PR EER A 5.8—16.8 pm (x=11.3 pm),8.6—21.2 pm (x=15.2 wm) Fl
10.4—22.8 pm (x=16.6 pm) , Hri P 5 P, a2 Rkl i KT FRIE LG R EERE/N, 75 W, 4
i FROE AT, P 5 P, P25 R B KOE B P, 5 P25 R AR A B KT X U] 1K 4
ZHME R E IR AT AME K S ik 22 XA B AR T i AN RS

TKWFR A X R PR B AR B (3R 2) IR —HC1 I E], A [l FRZH & B RRIARAR B A 25 5 A8 K T
PAT—F RO N E] AR RIS PR G R B AR 25 7 WKW, P 5 W, P 122 bk 2K kL
o — 2] AR G R B ER A —E 25 . IR AR R K A K i
BRI, HoK BEEA BAESON , (A48 S AL AT 78— FEEE T AR SR AR B BARIG K, Ay S e rp n] i oo 34 it
BEAE DAY RRRIR AR B AR , NI AR AR K 43 AN RS20
2.3 KBERE AT/ N R AE AR BIE S RS20

ANFEHK AR AT T R R A B B R AR FERAR B 0B A B R TR] 7R 1, AN R 7K 43 Ab B ) vk
HERRAR R B AN HES B A B AN R AT N 2RI RTE (€ 3a) . KT LUG , A 7K 43 Ah B el ik
WEMNESZRZHYIE ., W AR IAIR B R HSE , 8iE EAE &, R ITCAF-, H E G K& kL,
R Hif v 28 AN IO A0 B R 3 22 | 33K 1] R R AR B HEA T 19— Fh il LML 5 W, Ak 359 AR R AR 6 DU 22 7
AR, H B AE HRIE . BRI, Sk b B RIAR IR B SET, U HIE W, A PR AR 3 52 41 i
HESNEAS . A EHEBEKCE T R B A MO R, #5075 ART, &AL #EE 9 22 e A B IR B AR —, D
AR RIS, WAT—Ae e, P A RR IR B2 2 P KE Y, BRI E /> (E 3b) ;1 P, 4 #
PR AR AR AR L T AT I G 3 Ry 3, AR B 1T 22 S HURAR | 3 A BN IO o B R ¥ R A, R
KA E] P P, AL KR RE AR BB TE | AR BE 7 1) AR R AR T 0 22 8508 (e, U AR I ok 1
HEEARE O, P AT RS T M ARG (K 3¢) .

b

B3 NEXRERBHRREESHAZEHE
Fig.3 OM morphology of special root hairs of wheat nodal roots
a: WATWI,W,P,, x10; b: #AEWT, W, P, x10; ¢ TARIER T, W P,, x10

IKBERE IS RARMR BIL AR R RT3 4801 8], W, P, A B 65 1) A 6 20 M i AV 12, 6 70 v R
BRT W, P ALBRALA A9 A B AN, 1 ELANMI A 22 A e G B0 UL (18] 4a) o TR, W, P A BT 5 A
GRARBAIMI L R ITIE  TR) AR DY i AR /I MR B e AR M B AR T W, P AR B 5 R R B BA B,
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i SRR T W P AL B G, F9H R B EE RS I, B, W, P Ab PR RRER AR BT L, T
JEARERT Y , T W, P, ARBE A BB FFIRAR B AN 23, AR/ (P 4b) o KBRS & AR B8 25 1 EL A 200
RN, b LK o s BB -5 i  RR IR BT A, R EsE , NS R, R ]
W, P, Hil W, P, A BRZH & AR B A0 M T B bR AR 3R M0 RS (18] 4 ) o WSS, AR A B2 & (9
TRAR BV I, DUZARBAMA B v | AR SR B AN EATI SR HED B 1X 5 — B O AR IS LT A A AR B i 7 )
MR B AN MOt BE =2 B 7 B AN TR] . WA e B, R AR B 1) 6 A AR R ey A= B AR M A 7 Ik, T AR 2R B 4 i
WAl AR B AR S, g R A LB, DHITEOUT R R B n] & A T PR A PRl 220, B
RN B AR T HES ) B ELY O A TR A

ety NN, P

E4 NEXERFHREELSHEFHEE
Fig.4 SEM morphology of special root hairs of wheat nodal roots
a: WAL, WIP3, x40; b #4EW], W2P3, x300; ¢ THRIER ], W3P1, x2400

2.4 KBERE AT/ N U AE ARARRIRAR B N5 44 1) 5% M)

TS K SRR RAR B, PRAEROE U RS, W A3 R R AR T A5 4 LU e A A R
JEETE— S, ST AR e, O 20 LR | A0 6 I A SR A0 A sty , YRR o e AT e ) R A3 A ], A2
WE R M A AE R I B AR NS, SRS N Y O, SObiR BT An i, 2Ei o 1
Rt (B 5a) o 10 W ANBREYRARAR BL5H 5 W, B8 R R] 20 B JREHEAS 25, 40 A v i 7 J i 4 , 3 AR B 4N
M5 00 "I VRHL/INITT 25 4 | A0 MO AN 34 4 SR AR ) AN A% ORI S IR Tk (T8 5h) o ULER 25 A48
SRS B 25 0 Bl LK AN RS 7], H A8 R0 B )R, P, A 35 P R R A 6 240 R R 38, — i i 2
IR A A 27 2k 2R TR I G2 5 40 0 5 S U0 4 L | - L 2 A Y5 B T DL B X3 )25 5 A0 R O A />, B4
YR AL 53 A7 5 rP SR VB o e A A P 48 T 4343 R 5 A0 A S K Y R A 2 A B — i g — ), LA
S HELRE ; 7F R A A I RE AL, AT ULSRE ) i i UK 5 B R TR B R A A v 43 A A 4 I 8 4 A
(Bl 5¢), T P, AP AR 6 200 B At B JEL AN — | PR BE R JEE , 7359104 1. 08 um F110. 83 pum, [F]ERE, 240 b BE AN AT ]
P DA T T LT g A7 o 5 s PN B R, /i AS R DU SR 0 v 236 3 400 oL I 65 s 2 400 B A, 98 A R4 )
Y A AN Zbr A S 2 s (&1 5d)

IR BRI A X RE R AR B P A R RIS, 35 RIS TP I, W, P, A A A B4 R AR B AN K
14.17 pm, Y84 11. 67 wm, MUBESEHE AT SAPER ; JEREAL PY & ) 325, 0t S8 BT vl DL, T 96 B Ak PN 5 0 I ) A
BRI 2 5 A0S o R R A M W A B R R N LR | A A A T — 5 AR A% RDE A
I A2 A G B BRI A IO 5 3 R ) ML B 3 AR AL | A B R ot SR A AR | LA R 22 B oR AR ehin  TE A Aor 45
(Bl 5e), 52BN, W, P ACFRAL A A RRIRIR B AN 2 BDE M RE R WA — A N ELE B 24, A58
B RSV I IS S0 AR AN S JERRE A i 2 A T T VR R AR A 2D 5 YRS ELAS RN 5 20 A% kA f i S
B R (E56) . WEIRKIL, W, P, A A & I FRIR AR B v i AE A BAIR R F ok, (B M H A Lw K
A HALHI T i — 2883
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B 5 MEXREREFRRENEHBEFRMEN
Fig.5 TEM structure of special root hairs of wheat nodal roots
a: TR, W, Py, x8000; b: FHIZHINH, W,P, , x14000; c. THILHIM, W, P,, x5000; d: FRIZHIH, W, P, , x8000;e. TR
W, W, Py, x12000;f: FRER I, W,P,, x8000

3 Fighitie

VEUIAR IS UGB AL AR B A7 A B, (0 10—20 d sl J . BEE ARG B AR I 2 3, e T B 52 A
WBBWR LR I SO BJRRER 2R, ARSCHI TR, 4 /N IR T LR, YR A AR A 5 3 AR
810 em ZEATREBE R AR RFIRR G EN R B R U . LR I 3R T 5 YR R RR 7
TFUR A R R RAR B SRV RV RRIRAR B R R A, B RO UBs B e T A= E A WAT AT A2k . X5 R
Pt B A7 S e IR AR T P S ) R B TR R AR B B i, T AR B X B )= K oy
MRS R R AT RE

KO TA X RIAR 6 A A B SR R R AR B R R A s, K S AR N IRB AR
U MK Sy BT R R R AT AR T ANE A E I A AREK Y 223 mm iR
T (2—5 7)o 109 mm , WG E A FEBAE T BEE 50K & B3N, R IR R B A A 2K
A RBREMEAS TR, 5, BIER K3 260 T RO B B AN R AR OO 7T B 75 2L
5 AR BRI B S50 K AL W AR B I BE RS I | B AR A X A X B I TR B 5 R
AR R, A M TARTEX K i, A2 7= ik, 7 20l Y P R HE S K, R AR R IR T
B MR ER R A SRR R OKRE ST . R H AT, S TARMIAR B 5K O R R T BT A R R AE R
HRBIE AU B WK G4 AR B WK 53 FHLE S5 75 n R AL .

N B B S A W™ A B R (EREIA R VR AR BRI A AT R A 3
REALE], AR B R AR B 2 RS S A AR U B B S AR B A R, B S i
B B IEAR DGR K AR SS AR /N R R AR B (K BE AN AR 5 L K S IE A G
JEHIEMR B HARZBEZ KT M R 124, BARSC TR B X R Ml A B2 0T (AU 2
RS ks F L R i H R M AT AR B i MR 8, TR, BB A5 35K — il dk 14 5 SR A AR B
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Eild 31 &

XA RE ST , (AR HE— PR

THOK SRR T  BEE RS | R AR B A B AR O AR R K E i 2
SEHERRAL o SR T R BE AN B4R, B K o ad Z X AR B B . W S E R AR 5, AT AR AR B A
K, 3O AR X FIRE A2 XA KBS PR (A T PSR

TEYREBMIEEZ 2R R, TS 07T 3 A R SR BRI,
Forp  JELA AR XAR BIE S M BOR o B A%, HE A 0E R MR 6 DR e i ] 2 A i 22 A [R] 4 it 2
T AR SR AT UK B SRR AL AR IRAR 6 7 A SR AR A 3 B IR 5 0, 43 AR e AL, ) T AR
B XK MSR I I A BERE AT B i, iR BB AR AR K, LT A S5 M AR B A5 HA 1 1
K I B AR AR KT B R AR RO T 20 M AR 200 PR K e el RO T R S ) RE g e
9 ARBRBIEE S A ARTEIEZS P BB L AR, 7T S 356 7 Bl e A A R A B A

WA PR S R AR 1 A SR AR, AAT TR AR B A AR S R A I TR AL 2 AR SR 28 R 3R, 13
Ko SRR R AL e R A TRAAE TR MRS RA K, RIS R i AR B
e, MR, RN R B b A Bl S DLRR A o, 4B AR B A MLIE F 2R K K BRERE S A I T RF ik
RBEH AT, TSR MEREKCF SRR RAR TR & )2, S5 A8 S8 B M0 I 5 117 >4 - M5 ok ey it
KPR 5 FRAR T R 2 AR MRS -5 A T G BBy EL R B A MRS BER |, X T E -5 HAIRAE AN R PREE
AR HEIE, HEM K > FIBEER 5 /N R B A R R T 1 R BB BB A G (E TR AR A P BIL A 1 75 0 — 25
Fo 1E4  RIMAT AT /N AR A T I SRR AR AR 6 B P9 A 48 1 A A 5 W A A8 A S S 2R BRI RE 2
[P 56 2R AnAw] , ey B AR SR AR B O IR T BE, 800 A AR B A (A i — PR
Brigt: B UMl R AR A O AR AR R I B SE R B AL YD R S LB AR iR Al R
SRR R A ST ) LB I S S LY B, Rr O
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