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Effects of low nitrogen stress on the physiological and morphological traits of
roots of different low nitrogen tolerance maize varieties at seedling stage

XIE Menglin, LI Qiang, ZHA Li, ZHU Min, CHENG Qiubo, YUAN Jichao, KONG Fanlei

(College of Agronomy, Sichuan Agricultural University / Key Laboratory of Crop Ecophysiology and Farming System in Southwest
China, Ministry of Agriculture, Chengdu 611130, China)

Abstract Nitrogen (N) is a key nutrient that influences the growth, yield and quality of maize. In order to determine the effects of
low N stress on the physiological and morphological traits of roots of maize at seedling stage, a hydroponic experiment of four
maize varieties was carried out. The experiment consisted of two low N tolerant varieties (‘ZH311’ and ‘CD30’), two low N
sensitive varieties (‘XY508 and ‘SB2”) and three N treatments [N concentration at normal of 15 mmol-L™' (B3), low N stress
at 0.05 mmol-L™! (B1) and low N stress at 0.5 mmol-L™! (B2)]. Root morphological indexes (root length, root diameter, root number,
root volume, root surface area), bleeding intensity and activities of nitrate reductase (NR), glutamine synthelase (GS) and glutamate
dehydrogenase (GDH) were measured on the 7™ and 14™ days after low N stress. The results showed that the bleeding intensity and
activities of NR, GS and GDH of the root system of maize varieties with different low N tolerance at seedling stage declined under
low N stress treatments B1 and B2. There were remarkable differences among the maize varieties in terms of the above indexes. The
decreasing ranges of the above indexes of the low N tolerant varieties (29.8% and 8.7%, 46.9% and 39.6%, 7.3% and 4.4%, 31.3%
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and 19.8%) were less than those of the low N sensitive varieties (37.0% and 27.5%, 68.8% and 56.6%, 24.5% and 18.7%, 60.7% and
42.7%). The NR and GDH activities of the low N tolerant varieties were respectively 1.4 and 1.35 times those of the low N sensitive
varieties under B1 treatment. The effects of low N stress on the growth of aboveground system of maize seedling were greater than
those on the belowground system. This significantly decreased shoot dry weight, significantly increased root-to-shoot ratio and
decreased root number. Root-to-shoot ratio of low N sensitive varieties increased by 81.6% and 25.4% and root number declined by
22.2% and 31.1% against those of the low N-tolerant varieties (61.0% and 21.1%, 19.8% and 19.4%) under B1 and B2 treatments,
respectively. With increasing of low N stress degree, root length of low N tolerant varieties increased and root diameter decreased.
This resulted in root elongation and thinning, increasing N absorption area and responsiveness to low N stress. Compared with
low N sensitive varieties, low N tolerant varieties had better root morphology and stronger root physiological activity to respond
to low N stress. The low N tolerant maize varieties also had relatively stable growth and better adaptability to low N stress.
Adaptability to low N stress of low N tolerant maize varieties increased, while that of low N sensitive varieties decreased with
prolonged low N stress time.

Keywords Maize; Low nitrogen stress; Low nitrogen tolerance; Root morphology; Nitrate reductase; Glutamine synthetase
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Table 1 Root morphological traits of maize varieties at seedling stage under low N stress for different times

Treatment time Treatment Variety Root surf%ce area Root Vozlume Root length Root diameter Root numbers
(d) (em’) (cm’) (cm) (mm)
7 Bl ZH311 68.56+1.15d 0.83+0.02¢ 551.60+15.44b 0.49+0.01f 539.0+25.5f
CD30 75.25+1.92¢ 1.02+0.11¢ 469.43+£19.45¢ 0.54+0.01de 386.3+10.01
XY508 63.23+1.99¢ 1.224+0.05b 435.83+16.19d 0.52+0.01e 486.3+30.2¢g
SB2 117.93+4.99a 1.43+0.06a 603.57+15.01a 0.48+0.01f 826.0+41.1b
B2 ZH311 71.56x1.91cd 0.97+0.02cd 427.17+£9.75d 0.53+0.01de 591.7+7.8de
CD30 70.74+2.44cd 1.02+0.06¢ 393.27+15.62¢ 0.58+0.02a 434.7£15.0h
XY508 59.12+3.90¢ 1.01+0.08¢c 324.47+17.41¢g 0.54+0.01cd 579.7+37.8ef
SB2 61.45+3.42¢ 0.90+0.06de 352.33+£12.89f 0.56+0.01ab 408.3+29.6hi
B3 ZH311 86.06+2.45b 1.20+0.04b 492.47+14.72¢ 0.56+0.01bc 647.0+22.1¢c
CD30 71.43+3.31cd 0.95+0.03cd 427.07+10.55d 0.53+0.01de 532.0+22.3fg
XY508 68.56+4.99d 0.99+0.02¢ 420.47+7.70d 0.52+0.01e 632.3+10.8cd
SB2 83.81+2.78b 1.04+0.06¢ 539.07+20.14b 0.50+0.01f 907.3+46.5a
14 Bl ZH311 125.31+6.74bcd 1.39+0.09cd 979.60+5.92a 0.44+0.02ef 1 128.7+45.0ef
CD30 118.82+9.06cde 1.44+0.11bc 780.63+27,45¢ 0.49+0.01cd 1 060.7+43.8fg
XY508 106.50+11.23ef 1.2840.12cd 705.73+£23.11de 0.48+0.01d 944.7+54.3h
SB2 167.68+5.22a 2.08+0.16a 972.03+20.52a 0.50+0.01bc 1292.7+27.9d
B2 ZH311 121.87+7.84bcd 1.26+0.11d 943.14+13.57a 0.41+0.01¢g 1 755.7+84.8b
CD30 112.53+2.77def 1.57+0.06b 627.27+15.80g 0.57+0.01a 620.7+15.11
XY508 92.45+5.30¢g 1.05+0.08¢ 648.50+13.23fg 0.45+0.01e 1 000.0+67.8gh
SB2 112.76+4.25def 1.42+0.04bcd 712.53+52.28de 0.51+0.01b 1 151.0+20.1¢
B3 ZH311 130.34+7.14bc 1.40+0.15bcd 967.86+25.40a 0.43+0.01f 2 075.0+38.2a
CD30 105.30+5.06fg 1.29+0.05¢cd 686.17+34.81ef 0.49+0.01cd 959.3+9.5h
XY508 112.37+9.89def 1.34+0.13cd 748.97+42.35¢cd 0.48+0.01d 1420.3+43.5¢
SB2 132.21+10.87b 1.58+0.09b 888.27+23.80b 0.48+0.01d 1 684.7+35.7b
Bl B2 B3 N 0.05 mmol-L™'( ) 0.5 mmol-L™'( ) 15 mmol-L7\( );
5% B1, B2, B3 indicate nitrogen concentrations of 0.05 mmol-L™" (low nitrogen

stress), 0.5 mmol-L™" (low nitrogen stress), 15 mmol-L™" (normal nitrogen concentration) in Hoagland solution respectively. Values followed by
different small letters of the same treatment time in the table are significantly different at 5% level. The same below.
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Table 2 Dry weight and root-shoot ratio of maize varieties at seedling stage under low N stress for different times
Root dry weight (g-plant™) Shoot dry weight (g-plant™) Root-shoot ratio
Treatment  Variety 74 14 d 7d 14 d 7d 14 d
B1 ZH311 0.065+0.001ef 0.114+0.005b 0.118+0.003fg 0.239+0.008d 0.551+0.023¢ 0.478+0.006¢
CD30 0.066+0.001e 0.106+0.006¢ 0.111+0.006g 0.222+0.004¢ 0.590+0.022b 0.477+0.019¢
XY508 0.086+0.001b 0.095+0.001ef 0.102+0.005h 0.174+0.008¢g 0.837+0.032a 0.544+0.017b
SB2 0.095+0.002a 0.131+0.002a 0.118+0.003fg 0.223£0.008¢ 0.805+0.035a 0.591+0.033a
B2 ZH311 0.062+0.001fg 0.091+0.002fgh 0.14540.006d 0.324+0.017b 0.429+0.022¢ 0.282+0.010g
CD30 0.064+0.001efg 0.088+0.002ghi 0.124+0.005¢ef 0.233+0.005de 0.516+0.015¢cd 0.377+0.015¢
XY508 0.061+0.002¢g 0.086+0.002hi 0.113+0.004g 0.199+0.007f 0.540+0.001c¢c 0.43240.022d
SB2 0.064+0.004efg 0.097+0.002de 0.128+0.006e 0.229+0.003de 0.500+0.032d 0.426+0.013d
B3 ZH311 0.074+0.003¢ 0.112+0.007b 0.221+0.003a 0.414+0.006a 0.334+0.011¢g 0.270+0.013¢g
CD30 0.071£0.001d 0.085+0.0011 0.181£0.007b 0.267+£0.006¢ 0.389+0.019f 0.317£0.004f
XY508 0.071+£0.001d 0.092+0.001efg 0.165+0.004¢c 0.271+£0.012¢ 0.429+0.011e 0.339+0.014f
SB2 0.070+0.001d 0.102+0.002cd 0.165+0.007¢ 0.314+0.007b 0.425+0.012ef 0.323+0.007f
2.4 24.6% 20.1% 10.8% 33.8% 27%,
47.2% 40.0% 39% 33.9% 56.1%
3 , 29.6% , 14 d ,
(NR) (GS) NR , GS ,
(GDH) R , GDH 5
B3 R B1 B2 GDH ; NR
NR GS GDH 49.6% 40.2% GS GDH (46.9% 39.6% 7.3% 4.4%
22.7%  16.9% 45.5% 29.7% 31.3% 19.8%) (68.8%
56.6% 24.5% 18.7% 60.7% 42.7%)
, NR GS GDH R
B3 , Bl B2 7 d ,
NR GS GDH 35.6% NR GDH ; B1
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Table 3  Activities of N metabolic key enzymes of maize root system at seedling stage under low N stress for different times

Nitrate reductase activity

Glutamine synthetase activity

Glutamic dehydrogenase activity

Treatment Variety [ng(NOs ™" g ' (FW)h '] [pmol-mg ' (protein)-h™'] (AOD-g " 'min™")
7d 14 d 7d 14 d 7d 14 d

Bl ZH311 14.64+0.20f 13.39+0.10g 33.51+1.32¢g 48.78+2.60bcd 23.45+£0.10d 25.65+0.83f
CD30 16.84+0.47de 14.97+0.77f 44.03+2.97de 51.09+£8.66bc 29.04+2.20¢ 31.08+1.01de

XY508  11.78+0.52¢ 6.30£0.23] 37.0942.01fg 52.72+1.87be 17.85£0.98¢ 20.29+0.93g

SB2 14.19+1.02f 10.66+0.65h 36.65+0.29fg 40.10+4.17d 22.21+1.43d 19.77+2.78¢g
B2 ZH311 17.52+0.51cd 15.30+0.59f 39.76+3.05ef 49.46+8.42bc 24.56+0.47d 31.77+1.86de
CD30 19.34+0.68¢c 16.99+0.37¢ 46.65+4.79¢cd 53.70+3.58b 33.83+1.32b 33.93+1.20cd

XY508 13.94+0.86f 9.67+0.401 43.13+1.91de 55.78+5.10b 29.30+1.46¢ 29.88+1.33¢
SB2 15.50+0.13ef 13.66+0.46g 37.46+0.04fg 44.05+5.89¢cd 34.94+0.50b 28.45+4.06ef

B3 ZH311 24.43+1.09ab 26.17+0.85¢ 46.98+4.02¢cd 51.57+0.95bc 33.61+1.01b 36.09+1.74¢

CD30 24.44+0.60ab 27.21+£0.48b 49.734+3.37bc 56.26+2.89b 46.394+2.92a 46.78+1.87b

XY508 23.12+1.54b 23.64+0.35d 69.34+2.31a 65.83+8.93a 44 .84+2.19a 44.35+1.84b

SB2 25.92+2.56a 29.74+0.44a 53.51+0.97b 56.46+3.48b 46.19+6.75a 60.17+2.42a
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