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Effect of Nitrogen on Root Vigor and Growth in Different
Genotypes of Wheat under Drought Stress
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Abstract : The purposes of this study was to investigate the effects of water and N coupling on root vig-
or and uptake of nitrogen in wheat. Two different cultivars of wheat Xinong 979 and 2036 were plan-
ted in Hoagland nutrient solutions. Three treatments of different N levels,low N,normal N and high
N and three water regimes, well-watered, moderate drying and severe drying were conducted. The re-
sults showed that there was a significant interaction between water regimes and N supply. Severe wa-
ter stress could decrease the biomass,total absorbing surface,activity absorbing surface,root vigor,ni-
trogen content and nitrogen accumulation in wheat. Nitrogen deficiency increased the root length and
root/shoot, but decreased the biomass,total absorbing surface,activity absorbing surface,activity/total
absorbing surface,root vigor,nitrogen content and nitrogen accumulation significantly. The root total
absorbing surface,activity absorbing surface and root vigor of Xinong 979 with high N were increased

significantly than that of low N and normal N, which are 11%,14% ,27% higher than those of 2036,
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respectively at high N level. Root N accumulation and shoot N accumulation in Xinong 979 had no sig-
nificant difference between normal N and high N levels. And the plant N accumulation of Xinong 979
was 13% to 62% higher than that of 2036 at normal N level. Correlation analysis showed that activity
absorbing surface and root vigor were positively correlated with plant N accumulation (P <C0. 01),
while there was significant negative correlation between activity absorbing surface, root vigor and
root/shoot(P<C0.01). A negative correlation was observed between root/shoot and plant N accumu-
lation(P<C0. 01). The increase of nitrogen supply can improve the absorbing surface and root vigor of
Xinong 979 effectively,but excessive nitrogen supply was not conductive to the root growth of 2036.
These results suggested that the root vigor and growth of wheat with different genotypes respond dif-
ferently to water and nitrogen coupling. Optimal regulations of water and N supply are beneficial to
the formation of good root morphology and increase root vigor, therefore leading to the enhanced abili-
ty of absorbing moisture and nutrients.

Key words: Wheat; Drought stress; Root vigor; Activity absorbing surface; Root/Shoot; N accumula-
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1 N N N
Table 1 Root length, plant height,root biomass,shoot biomass and root/shoot of two

wheat seedlings under different water and nitrogen treatments

Root length/cm Plant height/cm Root biomass/g Shoot bioma Root/shoot

Treatment

979

979

979

979

979

Xinong 979 2036 Xinong 979 2036 Xinong 979 2036 Xinong 979 2036 Xinong 979 2036
WINI  36.0740.85d 36.2742.05c 19.27+1.42a 17.77+1.77a 0.114%+0.01a 0.114%+0.02a 0.104%+0.01a 0.11140.02a 1.10440.08b 1.028%0. 13b
W2NI  28.27+2.31bc 40,8342, 25cd 18.23+0.77a 17.9741.55a 0.125+0.00ab 0.122+0.00ab 0.103%0.0la 0.11040.02a 1.216+0.11bc 1. 11940, 17h
W3NI  21.6342.21a 41,9041.58d 16.6340.81a 18.2742.33a 0.13040.0lab 0.11040.01a 0.09740.01a 0.09540.01a 1.35340.12¢c 1.181+0, 26b
WiNz 26,01+ 1. 80abc 26,9043, 95ab 25,3040, 98be 29.9740.45cd 0.20340,01d 0.205+0,01d 0.555-0,01d 0.4314-0.02¢ 0.36640.01a 0.47540.01a
W2Nz 27,5142, 32abe 26,1042, 22ab 27. 432, 10bed 28.53%+ 1, 60cd 0.16240.01c 0.15640.01bc 0.42740.02c 0.34940.02b 0.38240.02a 0.44740.02a
W3Nz 26,3142, 06abe 22.3342.34a 25.03%+1.36be 22.60+1.47b 0.16640.0lc 0.177%0.0lcd 0.42340.02¢ 0.30540.02b 0.39240.01a 0.58240.01a
WiN3  29.5142. 71bc 29.3340.97b 30.80424.5d 32.1340.90d 0.16140.01c 0.14240.0labe 0.39240.01be 0.32940.03b 0.41040.02a 0.43240.02a
W2 N3 23.7740.45ab 24.80+2.30ab 24,50+1. 34b 27.80+1.30c 0.13040.0lab 0.17140.01lcd 0.365+0.02bc 0.49340.05d 0.35940.03a 0.348+0.02a
W3 N3 31.504+2.53cd 24.10£1.27ab 28.63%1.36cd 29.734+0.60cd 0.13640.00b 0.1772+0.02cd 0.34940.04b 0.32440.02b 0.395£0.04a 0.54440.02a
Fy 77.154% % % 317.790% % % 120, 650 % * * 906, 044 % * * 356, 693% * %
Fy 7.895% * 15,002 % * * 5.099 % * 25.995% * * 6. 689 % *
Fy 17.352% % * 7.167 % 2.779ns 20. 609 % * * 0. 604
Fyun 53.397% * % 2,344 7.233% % 34,742 % % * 7.223% *
VW 3.603% 1.458 2.924 14.173% % * 0.603
Faxw 1. 867 % * 13.101% % % 10,369 % % * 23,941 % * * 1.606
Fusnxw 19,074 % % * 5. 961 % 6.401% * 7.082% * * 0.814
(P<<0.05) ;% % % % % % F 0.05.,0.01 0. 001 sN:
;W 3V . .

Different letters in the same column indicate significant difference(P<C0. 05); 3 , % % ,and * * % indicated that F value was signifi-

cant at 0. 05,0, 01 and 0. 001 levels; N:Nitrogen, W:Water, V: Variety. The same below.

2

Table 2 Root absorption surface and root vigor of two wheat seedlings under different water and nitrogen regimes

Total absorption surface/
(m2 « plant—1)

Activity absorption surface
/(m2 « plant—1)

Activity absorption surface/
Total absorption surface/ %

Root vigor/
(ugeg—1+h"1)

Treatment

979 979 979 979
2036 s S, 2036
Xinong 979 2036 Xinong 979 2036 Xinong 979 2036 Xinong 979 2036

Wi N1 0.864+0.01c  0.85940.03b  0.32740.02b  0.30440.02b  37.90+2.92ab  35.52+44.31ab  37.5642.00b 28. 634 2. 84b
W2 N1 0.65340.03b  0.55340.04a  0.23540.0lab  0.3564:0.05bc  35.9341.52a 64.749.38d 25.5644,00a  34.5644, 24be
W3 N1 0.4354+0.01a  0.45640.03a 0.205+0.01a 0.119+0.01a 47.22+3. 16¢ 26.24+3.87a 24.27+3.39% 16.7741. 09a
W1 Nz 1.03740.05d  1.256+0.07d 0.66340.02d 0.64740. 03f 50.3345.00c  51.6945.32cd  53.2244,03c 61. 2243, 86f
W2 N2 1.25240. 04 1.09740.05¢ 0.52240.05¢c  0.50740.03¢l  53.000.57cd  46.38+5.19bc  66.4542.52¢c  45.8943. 34de
W3 N2 0.990+0.04d  0.93940.03b 0.52340.03c  0.38240.03bed  52.87+2,79cd  40.6742.35abc  42.67+2.66b  40.26+3, 89cd
W1 N3 1.324+0.06e  1.102-40.09c¢ 0.794+0.05¢  0.57340.02fg  59.96+1.63d  51.9941.59cd  106.89+6.68¢  62.33+4.37(
W2 N3 1.055--0.06d  0.9460.05h 0.47740.03c  0.469+0.04de  45.36--4,86bc  49.70+4.38bed  93.78+2.00d 73,7444, 89¢g
W3 N3 1.1080.01d  0.90940.01b  0.56740.02cd  0.425-0.02cde  51.19+2.72cd  46.81+3.16bc  90.67+2,91d  52.44+0. 83l

Fy 618. 694 % * * 448,139 % * * 24,691 % * * 1103.405% * *

Fy 166, 047 % % % 100, 440 % * % 6.392% * 92,105 % * *

Fy 31,027 % * * 42,362% * * 3.515 235.562% * *
Fysn 126,766 % * % 16, 442 % % % 3.462% 126. 766 % * *
Fysw 8.215% * 13,130 % * % 26,978 % * * 3.557%
Faxw 27.267% % * 20. 180 % * * 10. 428 % * 1.001

Founxw 13,027 % % % 25. 849 % * * 14, 742% % % 30. 006 % * *
2.3 <0.05), . 2036
2 b ’ A} o
(2036 , 979 \
0 0
) . 2036 4%  27T%,
o s s 979
0 0
, (P 2036 27%~73%., 979
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Table 3 Nitrogen concentration and accumulation of two wheat seedlings under different water and nitrogen regimes

Root N concentration/ Shoot N concentration/ Shoot N accumulation/ Root N accumulation/ Plant N accumulation/
(mg+g— 1) (mge+g— 1) (mg * plant—1) (mg * plant—1) (mg * plant—1)
Treatment
979 979 979 979 979
2
Xinong 979 2036 Xinong 979 2036 Xinong 979 2036 Xinong 979 2036 Xinong 979 2036

Wi1Ny 1.7340.21b

L 7140.15b 3.1240.26b 3.0140.17b  3.27+0.57a  3.33+0.33a 1.9740. 18a 1.9340. 29a 5.2440.73a 5.2640.62a

W2 N1 1.0840. 26a 1.1240.17a 2.2940. l4a 2.2940.35a 2.3740.26a 2.5240.48a 1.3540.32a 1.37+0. 20a 3.7240.50a 3.8840.28a
W3 N1 1.2140.10a  1.2840.17ab 2.0140.23a 2.2640.14a 1.9540. 35a 2.1640.38a 1.5740.19a 1.40+£0. 19a 3.5240.52a 3.57+0.19a
Wi Nz 4.81£0.07d 5.4640. 1% 7.0740.19% 7.4340.46d  39.184+0.70d 32.0240.37d 9.77£0..37c 11.1940.12d 48.9640.80d 43.2140.25d

W2 N2 4.2540.32cd  3.54£0.37d

o

8840.31d 4.49£0.27c¢  25.08%£1.75¢ 15.6820.94b 6.9340.75b 5.5540.81bc 32.0142.25¢ 21.23%1.35b

W3 N2 3.9240.42¢

w
o
N
H
=)

L17d 5.94£0.16d 4.3140.43¢c  25.13%£1.42c¢ 13.14£1.12b 6.532£0.87b  6.26%0.38c 31.66+£2.02c¢ 19.40£0.87b
Wi1N3 5.4340.28¢

o
=y
-
=
o
o
©

. 2040, 041 9.7240.22¢ 36.0840.70d 31.96+1.91d 8.73%0.75¢ 10.09%1.17d 44.81+0.98d 42.05+2.94d
W2 N3 4.684+0.41d  3.9940.22d 5.1440.15¢ 4.2840.05¢ 18.794+1.54b 21.11£2.03c 6.11£0.71b  6.8440.76c 24.9040.97b 27.96+£2.71c

W3 N3 4.3440.12cd  2.35+0.47¢ 5.9540.37d 4.3640.47c 20.8443.64b 14.20%2.20b 91+0.11b  4.1240.43b  26.75+3.56b 18.32+1.76b

3

FV\ 342,726 % * * 634, 702% * * 1 368.947% * * 610.930%* * * 1723.120% * *

FW 88. 081 * * * 315.746% * * 333.289 % * % 144,756 % * * 417,424 % * *

FV 0.421 18.575% * * 106.395%* * * 0. 006 84.381*% * *
FVX\' 0.248 7.882% % 52,661 % * * 0.128 41. 961 % * *
Fysw 14, 627 % % % 12.376% % % 8.018% * 9,871 % * % 10.032% % %
Fayxw 18. 941 % % % 62, 628% * * 67.872% % * 27,692 % * * 82. 667 % * *

"UX NX W 6.172% * 5. 124% % 5,714 % * 6. 048% * 7,584 % % %
2. 5 S . >
(P<C0.05) (P<<0.01) ;
(P<<
N N 0.01);

C D o (P<<0.0D);
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