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Effect of water deficit on the development of vascular bundle
system of wheat spike

XIAO Ting-Ting"?, LU Jin-Yin'?
(1. College of Life Sciences, Northwest A & F University, Yangling 712100, China; 2. State Key Laboratory of Soil Erosion and

Dryland Farming on the Loess Plateau; Institute of Soil and Water Conservation, Chinese Academy of Sciences and Ministry of
Water Resources, Yangling 712100, China)

Abstract A pot experiment and paraffin sections were used to determine the development and micro-structures of ear vascular
bundle system of two wheat (Triticum aestivum L.) genotypes at the late growth stage under water deficit. The relationships between
ear vascular micro-structures and carbon assimilate stagnation were also analyzed. The study shows a fan-shaped distribution of the
newly formed vascular bundles near the rachis of “Pubing143” and “Xinong979” during anthesis. Away from the rachis is ellipse or
other forms of distribution under normal and water-deficit conditions. The cells between the new and original vascular tissues in-
crease to eventually form sclerenchyma. With the development of ear, some of the original and new vascular tissues spread out to the
glume and rachilla. The branches afterwards spread out to the lemma, lodicule and palea of the first and subsequent flowers. The
parameters of vascular bundle system (such as the number and area of large and small vascular bundles) from base to top of ear de-
creases under water deficit condition. This may be one of the reasons of carbon assimilate stagnation in the gulme and rachis. Spike
grain weight declines and non-grain organ biomass increases significantly in the two wheat genotypes under water deficit condition.
This is more obvious for “Pubing143”, genotype for rainfed areas.

Key words Wheat, Spikelet, Vascular bundle system, Water deficit, Micro-structure, Carbon assimilate

(Received Dec. 2, 2009; accepted April 20, 2010)

, 500 mm'!, 2/3
b
1-2 4
(=2 400~ 4 ,
* (10501-179)
o : (1960~), , E-mail: jinyinlu@163.com
(1985~), , s E-mail: xttfiles@126.com

:2009-12-02 :2010-04-20



978

2010 18

[5-7]

(8]

[9] l4co,

[10]

[11-13]

>

1 #MR57A%

1.1
(Triticum aestivum L.)
“c 979> == 1437,
“ 9797~
e 143>
1.2
2008 10 2009 6
24 cm 18 cm 30 cm,
36¢g 16.0 g
2.1 g, , 7.0 kg 2008
10 12 ,10 19 , 20
, 18 )
(CK)
(Moderate drought, MD) , 10
70%~75%  50%~55%,
29.2% ,
1.3
2009 4 20 ( 5 d)
10 FAA

10 pm,

>

(S=nab/4,a b )

R 1~6
, 7~14 , 15
14
3 R 1 SASS.1
2 HRE5DH
2.1
1
9797~ =< 143>~
13.74%  12.10%;
o 9797~ 10.37%
15.77% 5.15%, “* 1437~ 36.94%
13.29% 36.36%, “ 1437~
0 #Fi5% Glume
o, 4MFFITE Palea, lemma and awn
o %l Rachis
B EHlk F Grain weight per spike
C)
g
g
o
2
i
£
H
1 1| v
Qb P Treatment
1 Bk EENAE R NEEEBESEN
%k yb-=g:0 A
Fig. 1 Effects of water deficit on biomass of ear composi-
tions of different wheat genotypes
I: 979-CK Xinong 979-CK; 1I: 979-MD Xinong 979-MD;
II: 143-CK Pubing 143-CK; IV: 143-MD Pubing 143-MD.
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Fig. 2 Development of vascular bundle in spike of different wheat genotypes under different water conditions

N: ; O s 1 ; G: s R: ;S ; P ; Fu 1
; Ph: s Vi a b ¢ ,d ,e  “c 14377 (CK), f = 14377 (MD), g
“ 9797~ (CK),h == 97977 (MD),i ** 14377 (CK),j = 14377 (MD),
k “* 9797~ (CK),m “* 9797~ (MD) N: New formed vascular bundle; O: Original rachis vascular bundle; I:

Cells between new formed vascular bundle and original rachis vascular bundle; G: Glume; R: Rachis; S: Rachilla; P: Lemma; F: The first floret; Ph:
Phloem; V: Vessel. a, b, c: Structures of rachis; d: Structures of spikelet; e: Vascular bundle of rachis in “Pubing143” (CK); f: Vascular bundle of
rachis in “Pubing143” (MD); g: Vascular bundle of rachis in “Xinong979” (CK); h: Vascular bundle of rachis in “Xinong979” (MD); i: Vascular
bundle of spikelet in “Pubing143” (CK); j: Vascular bundle of spikelet in “Pubing143”(MD); k: Vascular bundle of spikelet in “Xinong979” (CK); m:
Vascular bundle of spikelet in “Xinong979” (MD).

, , 9.72%  13.21%;
, , 4.40%
(20 3.53%( 1) , <~ 9797
2d , , “e 14377,
1 ,
) 2 2 ,
, , 3 ,
, , 0.5~2.4 pm,
<« 14377 <= 9797 6.9~8.0 pum, (P 0.05)
2.3 ,
, - 9797~ <
« 979", , 14377
. 20.22%,
2.63% 5.82%; , (3
7.81% ( 4 979” ==
5.56% 8.02%, , 143> ,

, < 1437~ ( 2e~h)



980 2010 18

R1 WMkSFHNEBMYEET R BRIZM

Tab. 1 Effect of water deficit on number of vascular bundle in rachis of different wheat genotypes

979 Xinong 979 143 Pubing 143
ls(il;iz Number of large vascular bundle Number of small vascular bundle Number of large vascular bundle Number of small vascular bundle
CK MD DE (%) CK MD DE (%) CK MD DE (%) CK MD DE (%)

Upper  8.9+0.4c  7.1+0.2c  20.22 6.4+0.4c  5.9+0.4c 7.81 7.2£0.3¢c  6.5£0.2¢  9.72 5.3£0.5¢c  4.6£0.4c 13.21
Middle 15.240.3b 14.84+0.2b 2.63 9.0+0.4b  8.5+0.4b 5.56 14.7£0.3b 13.2+0.2b 10.20 8.5+0.4b 8.2+0.3b 3.53
Basal 18.9+0.2a 17.8+0.2a 5.82 16.2+0.4a 14.9+0.3a 8.02 18.2+0.2a 17.4+0.3a 4.40 15.9+0.2a 14.5+0.3a 8.81

0.05 Values in one column followed by different small letters are significantly different at 0.05
probability level. DE: Decreasing extent. n=30. The same below.
F2 MK FHNNEBHEERASEEZTHTM
Tab. 2 Effect of water deficit on diameter of vessel of vascular bundle in rachis of different wheat genotypes pm
979 Xinong 979 143 Pubing 143
Spilkelet location CK MD CK MD
Upper 17.2+1.8abA 14.5+3.1bB 15.242.0bA 13.44+2.8bB
Middle 25.2+2.8aA 21.4+2.5aB 22.4+3.1aA 20.1+3.4aB
Basal 25.744.2aA 23.8+4.1aB 23.94+4.0aA 21.7+4.2aB
0.05 Values in one row followed by different capital letters are significantly different at 0.05
probability level. The same below.
F3 WIKSFHINEBMEERTDRBFN
Tab. 3 Effect of water deficit on area of vascular bundle in rachis of different wheat genotypes pm®
979 Xinong 979 143 Pubing 143
Spilkelet location CK MD CK MD
Upper 10 976.4+£70.2bA 8 970.5+78.6bB 8 925.9+64.5bA 7 934.5+64.9bB
Middle 12 021.8+£89.8aA 10 945.4481.2aB 10 989.74+87.3aA 9 896.4+72.4aB
Basal 12 789.5+104.5aA 11 984.9+112.7aB 11 974.3+£98.8aA 10 987.6+82.5aB
R4 WIOKS FHXNEEMT)RKABERA 0
Tab. 4 Effect of water deficit on area of phloem in rachis of different wheat genotypes pm?
979 Xinong 979 143 Pubing 143
Spilkelet location CK MD CK MD
Upper 1 842.6+112.5bA 1 659.3+49.6bB 1 774.5+124.7bA 1 543.8+48.2bB
Middle 2411.7+£198.8aA 2 287.7+40.6aB 2 310.2+154.1aA 2 100.4+39.4aB
Basal 2 536.9+145.2aA 2 412.5+50.8aB 2 433.3+132.4aA 2 318.6+46.8aB
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Tab. 5 Effect of water deficit on number of vascular bundle extending from rachis to middle spikelet of different wheat genotypes

979 Xinong 979 143 Pubing 143
CK MD CK MD
Rachis section 15.240.2aA 15.1+£0.3aA 14.5+0.4aB 14.3+£0.3aB
2 Extending to the second flower 8.4+0.2bA 8.3+0.2bA 7.3+0.3bB 7.1+£0.1bB
3 Extending to the third flower 6.0+0.3cA 5.9+0.4cA 5.0+0.3cB 5.1+£0.2¢B

®6 MK FHEINERIBNDEEEAET 3 K NENEEREIRAF M

Tab. 6 Effect of water deficit on area of vascular bundle extending to the first three florets from middle spikelet of

different wheat genotypes umz
979 Xinong 979 143 Pubing 143
CK MD CK MD
1 First flower 10 822.2+77.4A 9 544.3+70.6B 10 232.8+82.8A 9 048.5+79.6B
2 Second flower 10 732.1+£86.9A 9 436.7+72.4B 10 087.5+89.7A 9 030.8+84.5B

3 Third flower 10 321.5£102.1A 9 378.9+94.5B 9 878.9+104.6A 8 976.9+98.9B
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