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density-tolerance hybrids and increasing plant density is one of the primary measures to achieve high yields of maize in modern
times. However, the high planting density increased the pressure of maize growth space, resulting in the growth of single plant
inhibited and the yield per plant decreased, at the same time, as the major organ to absorb moisture and nutrients from soil, the roots'
growth can be inhibited by high plant density. To ascertain the relationship between the root characteristics of density-tolerance
hybrids and grain yield, and nitrogen utilization under high plant density is the base of studying the genotype differences of root
characteristics of different summer maize hybrids to plant density, and which is significant for root improvement of
density-intolerance hybrids and management of nutrients and moisture under high planting density. [ Method] This experiment was
conducted during 2014-2015 at the Huanghuaihai Regional Corn Research Center of Shandong Agricultural University. With
Zhengdan 958 (ZD958, density-tolerance hybrid) and Ludan 981 (LD981, density-intolerance hybrid) as the experimental materials,
using the soil column culture in combination with the '’N-labeling technique, the responses of root characteristics, as well as nitrogen
uptake and utilization, of different density-tolerance varieties to increased density were investigated at two planting densities (D1,
52 500 plants/hm® and D2, 82 500 plants/hm®). [Result] Grain yield of maize significantly increased with the increase of plant
density, while the grain yield per plant of both hybrids significantly reduced. Over the growing process of both hybrids, the root
biomass, length, surface area and active absorbing area of both hybrids were decreased with the increase of plant density. In D1
treatment, all root indicators of LD981 were higher than those of ZD958 at early growth stage but then turned to be lower or
significantly lower than ZD958 after milk stage. In D2 treatment, no significant differences in various root indicators were observed
between the two hybrids at early growth stage; however, the root indicators of LD981 were significantly lower than those of ZD958
at late growth stage. The leaf area per plant and net photosynthetic rate of ear leaf changed in a trend consistent with that of roots.
The difference in root-shoot ratio in biomass under the impact of density increase was not significant between the two hybrids; but
their root-shoot ratio in active area was significantly reduced. The N accumulation amount (NAA) per plant and N use efficiency
(NUE) of both hybrids were significantly reduced, but the N fertilizer recovery rate (NRR) and the nitrogen partial factor
productivity (NPFP) significantly improved with plant density increased. In addition, the proportion of N from fertilizer in NAA was
not affected by the changes of density. In D2 treatment, the N content per plant, ratio of fertilizer N, NRR and NPFP of ZD958 were
significantly higher than LD981. [Conclusion] The roots of ZD958 proved to be less affected by plant density. At high density, it
could maintain relatively high root weight, length, absorbing area and activity, and longer high value duration, which were beneficial
to N uptake, the photosynthetic production and obtaining higher grain yield. This suggests that the well-developed roots can
guarantee the plant nitrogen uptake at high density, contributing to the photosynthetic production of the aboveground part and thus
achieving higher grain yield. The bigger seed set and stronger seed set adjustment ability of ZD958 promoting nitrogen were the
primary reason of its higher NUE and NPFP than LD981 at high plant density.
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Table 1 Grain yield and its components of different density-tolerance varieties of maize

Fr st s FRRKPRL ™ R TR AL RRVED KPR CRBLEOCORI D
Year Treatment Grain yield Grain yield per plant Biomass Kernels per plant 1000-kernel Seed set
(kghm?) (g/plant) (g/plant) (No./ear) weight (g) (kernels per plantxkernel weight)

2014 LD981D1 10361.9¢ 197.37a 373.04a 638.05a 312.45¢ 199.35a
LD981D2 12031.8b 145.84c 331.45¢ 539.70d 282.99d 152.75¢
ZD958D1 10259.5¢ 195.42a 352.67b 592.67b 327.84a 194.29a
ZD958D2 13286.6a 161.05b 306.29d 539.00¢ 321.37b 173.20b

2015 LD981D1 10149.8¢ 193.33a 366.88a 636.65a 311.85¢ 198.52a
LD981D2 11645.7b 141.16¢ 328.28¢ 545.65d 283.71d 154.80c
ZD958D1 10074.7¢ 191.90a 346.35b 598.00b 328.93a 196.71a
ZD958D2 13223.1a 160.28b 300.40d 535.50¢c 321.80b 172.32b

[ —F AR B LR, ANFRVNG FREOR 2278 B # KT (P<0.05). FIF

In comparison between different treatments in the same year, different small letters mean significant differences (P<<0.05). The same as below
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Fig. 1 Dynamics of root biomass and root/shoot in biomass of summer maize
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Table 2  Effects of plant density increase on N accumulation and use efficiency of summer maize

A sl REMBHE HERL 2 + 5 fERELSE  EREERER WA BRI AR
Year Treatment NAA DADF NADS DPDF NRR NPFP NUE
(g/plant) (g/plant) (g/plant) (%) (%) (kgkg™) (%)
2014 LD981D1 432a 1.12b 3.20a 25.87b 32.59d 57.54c 45.69b
LD981D2 3.74c 0.96d 2.78¢ 25.78b 44.23b 66.90b 38.99¢
ZD958D1 4.10b 1.22a 2.88b 29.82a 35.64c 56.97¢ 47.66a
7ZD958D2 3.61d 1.06¢ 2.55d 29.33a 48.57a 73.88a 44.61b
2015 LD981D1 4.28a 1.11b 3.17a 25.93b 32.36d 56.36¢ 45.17b
LD981D2 3.72¢ 0.94d 2.78¢ 25.27b 43.12b 64.75b 37.95¢
ZD958D1 4.06b 1.20a 2.86b 29.56a 34.99¢ 55.95¢ 47.27a
ZD958D2 3.56d 1.05¢ 2.51d 29.49a 48.17a 73.52a 45.02b

NAA: AFEMHEH: NADF: JEEA: DADS: 3% NRR: JEEA[W#; DPDF: JERELLE]: NPFP: HUEMA: "~ J); NUE: &R HMHE

NAA: Nitrogen accumulation amount; NADF: N amount derived from fertilizer; DADS: N amount derived from soil; NRR: N recovery rate; DPDF: N
proportion derived from fertilizer; NPFP: N partial factor productivity; NUE: N use efficiency

3 it
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