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Abstract: Three spring wheat cultivars, Robin, Gzandin and Quantum, were used to compare the different responses of
root systems in total N uptake, N partition between shoot and root, and its relationship with morphological and physiological
characters of root system to low nitrogen stress with solution culture. The results showed that compared with the control
group, the spring wheat seedlings under low nitrogen stress were lower in root dry weight and shorter in root length. And the
root number, total absorbing area and efficient absorbing area, and root activity were decreased drastically. But the
responses of different genotypes varied greatly. Under low nitrogen stress, Gzandin’s root system had better morphological
and physiological characters, its root weight, root length, root activity, root total absorbing area and efficient absorbing area
were lower than those of other 2 cultivars, meanwhile, its nitrogen percentage of shoots to whole plant was increased by
7.6% and 8.2% , and its utilization ratio of nitrogen was also increased by 8.0% and 9.9% compared with the other two
genotypes. Therefore, Gzandin was more suitable to growing under low nitrogen stress. The total nitrogen uptake was
correlated linearly with dry weight, length, activity, total absorbing area and efficient absorbing area in roots under low
nitrogen. On the contrary, the correlation between them was not so obvious under high nitrogen. It shows that the
morphological form of roots plays a very important role in nitrogen uptake under nitrogen stress.
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Table 1  Plant height, leaf area, dry weight of shoot and N content of wheat genotypes under different N levels

T & Rh 31 HTE ELE CE¥ 3
Treatment Cultivar Plant height(em) Leaf area(cm?/plant) Shoot DW(mg/plant) N content( % )
fn# 1B Robin 35.12:1.12 B 33.72+0.78 B 161.2%1.82 B 4.17£0.12 B
N+ (CK) 0% 2 B Gaandin 37.73£1.33 A 34.37+1.03 AB 159.7+1.92B 4.32:£0.10D
mE 48 Q 34.03+1.12 B 34.88+0.92 A 167.3£2.06 A 4.01£0.20 A
Jn# 1 5 Robin 25.19:1.99 D 15.08+0.95D 68.36+3.82 D 1.74+0.08 D
N- jm#% 2 8 Geandin 28.32+1.83C 17.78+0.89 C 89.96%5.10 C 1.70£0.07 C
mE45Q 26.84+1.37 CD 14.55+0.94 D 65.01£3.15D 1.72£0.06 D
fi# 15 Robin 9.93£2.67 A 18.64£1.28 B 92.84+3.30 B 2.4320.18 A
(N+)-(N-) % 2 8 Gaandin 9.41£2.46 AB 16.59+1.27 C 69.78£5.39 C 2.63+0.14 A
JinE 4 5 Quantum 7.19x1.89 B 20.33+0.95 A 102.30+3.86 A 2.29:0.23 B

N+ N - S HRFEFBP IR 4 mmol/L 1 0.04 mmol/L; # A MR L P11 + B IRER; A— A ARG TAFERRRERS

1% B¥KF. TH.

Notes: N+ and N - indicate nitrogen contents of 4 mmol/L and 0.04 mmol/L in Hoagland’ s solution respectively. Data are mean + SE. Values followed by
a different capital letter with in the same column are significantly different at 1% probability level. The same below.
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Table 2  Root morphological indices and root to shoot ratio of wheat genotype under different N levels

A R l:lio:lFI;i;/ Tolaianftingth Maxﬁlzr?gﬁ{; root BARX R b

Treatment Cultivar : Root number Root/shoot ratio
(mg/plant) (cm/plant) (cm)

% 15 Robin 66.7+2.9 A 280.3+20 A 37.77+2.89 C 12.8+1.32 A 0.41+0.01 B
N+ (CK) % 2 8 Gzandin 54.6+2.0 B 248.9:19B 42.81+3.89 B 10.6+1.26 B 0.3420.01 C
¥ 4 5 Quantum 64.0£2.2 A 262.8 £ 21 AB 36.92+2.23 BC 13.421.90 A 0.3820.01 BC
1% 1 & Robin 38.8+£4.02 D 177.9£16 D 48.141+3.85 A 8.9:0.99 B 0.57+£0.09 A
N- fn# 2 8 Gzandin 47.9+3.68 C 21.9:12C 50.72+2.65 A 9.8+1.32B 0.53£0.04 A
% 4 © Quantum 34.5+3.25E 147.6 £ 12 E 32.16+£3.31 D 9.6+1.43 B 0.53+£0.06 A
% 18 Robin 27.9£5.25 A 102.4£23 A -10.4+4.84B 3.9:1.60A -0.16:£0.09 A
(N+)-(N-) n# 2 5 Geandin 6.64+2.79 B 27.0£14 B -7.91+£2.28B 0.8+0.79B -0.19:0.04 A
% 4 5 Quantum 29.4+4.25 A 115.2£23 A 4.76+3.26 A 3.8+5.9A  -0.15:20.07 A
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Table 3  Root activity and uptake area of wheat genotypes under different N levels

o m B A T AR ﬁ'ﬁl&l&ﬁﬁ FHERESH BREH
Treatment Cultivar Total uptake area Active uptake area Active/total Root activity

(m? /plant) (m?/plant) (%) (pgle)
Ji# 15 Robin 0.21£0.006 A 0.09 £0.004 A 43.50£2.29 A 129.4+£2.66 A
N+ (CK) in# 2 £ Geandin 0.20+0.004 B 0.07 +0.006 B 33.95£2.99 B 117.6 +4.95 B
% 4 & Quantum 0.20 £ 0.006 AB 0.07£0.003 B 34.46+1.41 B 120.2+£2.71 B
#F 15 Robin 0.16 £0.008 D 0.06 £0.004 C 36.34+1.86 B 86.1£3.96 D
N- % 2 5 Guandin 0.18 £0.009 C 0.06 +0.004 BC 35.82+1.47B 97.1£2.47C
Hu# 4 5 Quantum 0.14 £ 0.008 E 0.05 +0.006 D 33.94+3.99 B 77.9+4.83 E
fu# 1 B Robin 0.054 £0.004 A 0.035+0.006 A 7.16£2.72 A 43.32+£5.69 A
(N+)-(N-) J0 % 2 B Gzandin 0.015+0.002 B 0.012+0.005 B -1.88+0.94 B 20.50+6.78 B
% 4 5 Quantum 0.060 + 0.009 A 0.022 £0.008 A 0.52+2.86 AB 42.34+£3.71 A
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Fig.1  Differences in MDA content of wheat genotypes
under different N levels
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Table 4  Uptake and transfer efficiency of N of wheat genotypes under different N E‘.vels
g R H EFR N & HEARNER BRENER HEFENEK
Treatment Cultivar Shoot N uptake Root N uptake Plant N uptake Shoot N/plant N
(mg/plant) (mg/plant) (mg/plant) (%)
jn# 15 Robin 6.72:0.15 A 2.1820.05 A 8.90£0.15 A 75.52£0.65 A
N+ (CK) Hu%# 2 & Gzandin 6.91+0.16 A 2.03:0.14 B 8.93+0.28 A 77.32£0.97 A
mE4%Q 6.7120.31 A 2.17£0.10 A 8.88+0.37 A 75.55+£0.83 A
1o% 1 5 Robin 1.19£0.10 C 1.09:0.02D 2.28%0.11 C 52.16:2.04 C
N- fn#F 2 B Grandin 1.53+£0.12 B 1.19£0.04 C 2.72+0.14 B 56.13£1.76 B
& 45 Q 1.1220.08 C 1.04£0.05D 2.16£0.10 C 51.87+1.79 C
tn# 15 Robin 5.53x0.21 A 1.09£0.05 A 6.62x0.20 A 23.36+0.40 A
(N+)-(N-) fn# 2 % Geandin 5.38:20.17 A 0.84+0.12 B 6.22£0.24 B 21.19+0.91 B
fi % 4 8 Quantum 5.5920.33 A 1.13£0.09 A 6.76+0.37 A 23.69%0.39 A
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Table 5 N utilization efficiency of wheat genotypes under different N levels ( mg/mg N)
4 B Loy M B EBER xR HMABAANE HREA AR
Treatment Cultivar Shoot N utilization efficiency Root N utilization efficiency Plant N utilization efficiency
fn# 1 € Robin 23.99+0.66 B 30.62+1.39 CD 25.6120.77 CD
N+ (CK) Hi% 2 ¥ Geandin 23.14£0.51 B 27.06+2.46 E 24.01+0.86 D
Hi# 4 ¥ Quantum 24.98+1.27B 29.55%2.11 DE 26.09£1.37C
1% 1 & Robin 57.51:2.57 A 35.60+3.98 B 47.02+1.85B
N~ 1% 2 5 Geandin 59.05£2.42 A 40.27+£2.60 A 50.76 + 1.05 A
i 4 & Quantum 58.15£2.27 A 33.31%3.19 BC 46.19+1.68 B
% 1 5 Robin 33.52+£3.04 A 4,98+3.71 B 21.41+2.21 B
(N-)-(N+) Hn#% 2 5 Geandin 33.95£2.65 A 13.22£3.14 A 26.75+1.58 A
Hi % 4 B Quantum 33.17+3.01 A 3.76+2.16 B 20.10+2.26 B
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Fig.2  Correlation between total N uptake and root dry weight under high{A) and low{B} N applications
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Fig.3  Correlation between total N uptake and root total length under high(A) and low(B) N applications
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