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Study on Root Characteristics of Late-Maturity Semi-
Winterness Wheat Varieties
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Abstract: To identify the root characteristics of late-maturity semi-winterness wheat varieties and their
relationship with yield formation, nine semi-winterness wheat varieties with different maturity were
selected as experimental materials. Through the simultaneous implementation of outdoor pot and field
experiments, the root morphology. quantitative and physiological characteristics of different maturity
wheat varieties were comprehensively studied. The results showed that the root length, root surface
area, root volume and root dry weight of late-maturity varieties were significantly higher than those of
early-and medium-maturity varieties {rom re-greening to late maturity stage. At anthesis stage, the
root length, root surface area, root volume, and root dry weight of late-maturity varieties were 43. 02%5 ,
39.26%, 48.93 and 31. 01% higher than those of carly-maturity varieties, and 26. 13%, 24. 63%,
33.72 and 20. 84 higher than those of medium varieties, respectively. The root length density, root
surface area density, root volume ratio, and root dry weight density of late-maturity varieties were

significantly higher than those of early-and medium-maturity varieties in the 0 —100 cm soil layer at
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anthesis. The number of nodal roots per plant of late-maturity varieties was 48. 27 at anthesis, which
was 6. 92 and 5. 07 higher than that of early- and medium-maturity varieties, respectively. The root
vigor of late-maturity varieties was significantly higher than that of early- and medium-maturity varie-
ties from wintering to late maturity stage, 36.39% and 15.02% higher than that of early- and medi-
um-maturity varieties at jointing stage, respectively. From anthesis to late maturity stage, antioxi-
dant enzyme activity in roots of late-maturity varieties was significantly higher than that of early- and
medium-maturity varieties, while malondialdehyde (MDA) content in roots was significantly lower
than that of early- and medium-maturity varieties, and the root length decay rate was significantly
lower than that of early- and medium-maturity varieties, with the reduction rate of 16.19% and 10. 88%F,
respectively. In summary, compared with early- and medium-maturity varieties, late-maturity varie-
ties have better root traits, which are reflected in root length, root surface area, root volume, root
dry weight, nodal root number, root vigor, and anti-aging ability.

Keywords: Wheat; Late-maturity variety; Root system; Morphological traits; Quantitative traits;
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Table 1 Information of the tested wheat varieties

F5 s A AR R 4 H
Number Variety Maturity type Growing period/d
1 £ 305 Huawei 305 B Early-maturity 223
2 JF# 1502 Kaimai 1502 F.# Early-maturity 224
3 H1 % 578 Zhongmai 578 B Early-maturity 223
4 Hi# 26 Xinmai 26 th 2 Medium-maturity 226
5 H A BEYL 58 Aaikang 58 . Medium-maturity 225
6 %% 26 Luomai 26 H1 8 Medium-maturity 226
7 #ZAEF 818 Xinhuamai 818 R Late-maturity 229
8 HrZ 35 Xinmai 35 R Late-maturity 229
9 I8 3% 890 Quanmai 890 R Late-maturity 230
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Due to the COVID-19 epidemic situation, samples were not available at wintering stage in the growing season of 2022-—2023. Al.

Outdoor pot test; WS: Wintering stage; RS: Re-greening stage; JS: Jointing stage; AS: Anthesis stage; LS: Late maturity stage. EM:

Early-maturity variety; MM: Medium-maturity variety; LM Late-maturity variety. Lowercase letters above the columns in the same

growth stage indicate that significant difference at 0. 05 level among varieties of different maturity types. The same in figures 2—7.
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Fig. 1 Dynamics of root length per plant and root length density of wheat varieties with different maturity
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Table 2 Decay rate of root length from anthesis to maturity of wheat varieties with different maturity
HpRAR K ML 25
icy:y Atk Root length per plant Root length density
Year Maturity
AS/cm LS/cm RLDR/ % AS/(ecm * m *) LS/(cm+ m 3) RLDR/ %
2021—2022 EM 5 186+56¢ 3063+67c 41.0%£0. 8a 3.18+0.02c 1.8840.02¢ 40.9+0.8
MM 59314+119b 3974+114b 33.1+0.7b 4.00=£0. 15b 2.44+0.08b 38.8+0.9
LM 7 5244 36a 5 6524 38a 24.9740. 5¢ 5.60+0.05a 4.25+0.02a 23.97+0.5
2022—2023 EM 5 468445¢c 3 575+59c¢ 34.5+1. 4a 3.59+0. 04c 2.21+£0.03c 38.4+0.7
MM 6 1514+88b 4 322+77b 29.840. 4b 4.3540.05b 2.96+0.04b 31.9+0.8
LM 7 714+77a 6 258+50a 18.840. 8¢ 5.79+0.05a 4.4940.03a 22.4+0.7
I Mean EM 5 327449c¢ 331947 37.8%1. 1a 3.3940. 05¢ 2.05%0. 04c 39.6+0.6
MM 6 0414+78b 4 148+80b 31.440.6b 4.1740.09b 2.70+0.08b 35.3+1.0
LM 7 619+48a 5 955+78a 21.84+0.9¢ 5.69+0. 04a 4.3740.03a 23.27+0.5
ASFFAEH]; LS B 20 RLDR AR K R %, EM BR800 Ff s MM rp 38 5 R LM e 2 R . [ —4F B R BUE R A TRNG F B3R

TR (6] B SRR AE 0. 05 JKF B 225 W3

AS: Anthesis stage; LS: Late maturity stage; RLDR: root length decay rate; EM: Early-maturity variety; MM: Medium-maturity

variety; LM: Late-maturity variety.

0. 05 level among varieties of different maturity types.

Lowercase letters after the values in the same columns and year indicate significant difference at
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Fig. 2 Dynamics of root surface area per plant and root surface area density of wheat varieties with different maturity
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Fig. 3 Dynamics of root volume per plant and root volume ratio of wheat varieties with different maturity
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Fig. 4 Dynamics of root dry weight per plant and root dry weight density of wheat varieties with different maturity

R3 AEBFAAABNERMARNLIERAESHINEESS

Table 3  Vertical distribution of root morphological characteristics of wheat varieties with

different maturity in different soil layers at anthesis stage

TR oo REE R 2R THFR % B BRaERE BT HEE
Soil Tayer/cm Variety Roo; ‘lﬁ'n%tl‘l de?:ny/ ds()‘(‘)t 7urfzzlc? arei Root‘ v(;lt.lme F;:ltlo/ I‘{oi)t d/ry V.Vﬁ'lghst
cm * cm ensity/(m? « m ™ ?) (em? « m™?) density/(g s m %)
0~20 EM 2. 7140, 024¢ 20. 9440, 28¢ 2 273422, 8c 674.745. 1c
MM 3.314+0.074b 25.9640. 36b 2 844+59. 5b 869. 2410. 3b
LM 4.434+0.027a 33.4140. 35a 3 610+38. 0a 1120.0%9. 5a
20~40 EM 0.29+0. 004c¢ 2.4040. 03¢ 226+2. 0c 39.340. 5¢
MM 0.36+0.009b 3.18+0.10b 266+4. 9b 54.34+0.9b
LM 0.47+0.006a 4.3640. 04a 35442, 9a 64. 440, 5a
40~60 EM 0.200.002¢ 2.15%+0.01c 17242, 2¢ 25.640. 5¢
MM 0.26+0.006b 2.6840.05b 231+3.5b 31. 630, 4b
LM 0.35+0.002a 3.5940. 04a 316+3. 0a 37.740. 3a
60~80 EM 0.1240.002¢ 1.58+0.01c 924+1. 5¢ 22.540. 3¢
MM 0.1720. 003b 1. 9740. 04b 13542, 0b 26.8%0. 2b
LM 0.244+0.006a 2.7940.03a 209+2. 2a 32.840. 4a
80~100 EM 0.074+0.001c¢ 1.4140.01c 81+1. 5¢ 17.640. 3¢
MM 0.0840.004b 1.68+0.02b 133£1. 3b 23.3740.4b
LM 0.1940.003a 2.0320.03a 17942, 7a 31.640. 4a
2.1.6  FARR AR ) 66.09% ~81. 79% fl 66.67% ~78.57% ., &~

1 P 5 a] R AN ) R /N 22 b A B R 2R
AR A= 7 2 T ) A R 89 5 S T o R AR 9 72 Ak
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Table 4 Grain yield and its components of wheat varieties with different maturity

Al A2
gE M b AR TRE  RRERTR B R THE R
Spikes Grains 1 000-grain  Grain yield Spikes Grains per 1 000-grain  Grain yield/
per plant per spike weight/g per plant/g (X10' » hm ?) spike weight/g (kg » hm %)
ZgZ%; EM 2.8740.07c 51.2%0.3a 53.4£0.3b 5.84=£0.12¢c 568=£4.2¢c 49.1£0.2a 50.54+0.5b 7 826+ 64c
’ MM 3.9640.03a 45.7%0.2b 50.6+0.2c 6.84+0.04b 828+6.7a 41.540.5¢ 44.440.2¢c 8 559+69b
LM 3.61+0.02b 51.7%+0.4a 58.0+0.3a 8.10+0.07a 744+9.6b 45.84+0.3b 54.140.4a 10 151+66a
Zgzgf EM 2.6940.03c 50.9£0.5b 51.0£0.5b 5.93£0.10c 515=£6.8c 48.6+0.3a 50.240.3b 8 042438c
e MM 3.6540.02a 46.6+0.3c 46.9+0.3c 6.89+0.05b 718+8.5a 43.2+0.3b 44.7+0.3c 8 788+66b
LM 3.0340.03b 56.2+0.5a 55.8+£0.5a 8.02+0.06a 641+£3.7b 47.7£0.3a 53.4+0.2a 10 369E73a
;/i”ﬁ EM 2.7840.04c 51.1£0.3b 52.2+0.4b 5.88£0.08c 542+9.1c 48.8+0.3a 50.340.3b 7 934445¢
o MM 3.81£0.04a 46.14+0.2c 48.740.5¢c 6.86+0.03b 773+14.1a 42,440.3b  44.540.2c 8 674+55b
LM 3.3240.07b 53.9£0.6a 56.9+0.4a 8.06+0.05a 693+9.9b  46.840.2a 53.740.3a 10 260+55a
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Table 5 Correlation coefficients between root traits and grain yield of different

maturity-typed wheat varieties at different growth stages

HEF B Growth stages

1 56 LEJERIN
Test Root trait WS RS ]S AS GS LS
Al RL 0.362 0.796" " 0.777** 0.936" " 0.947~ 0.928"
RSA 0.565"* 0.816** 0.824* 0.939 0.927 0.934~
RV 0.187 0.860 " * 0.887" 0.918" 0. 940 0.934"
NR —0.189 —0.019 0.883" " 0.845** 0.924 0.907*
RDW —0.072 0.817*~ 0.950" 0.943" " 0.951" 0.953"
RVg 0.952 0. 955 0.920" " 0.946 "~ 0. 940 0.947"
A2 RLD 0.539" " 0.727" " 0.908" * 0.971" " 0.975" " 0.970"
RSAD 0. 388 0.597 0.942** 0.960" " 0.946 0.976"
RVR 0. 505 0. 700 0.937" " 0.957" " 0.961" 0.956"
NR —0.033 —0.020 0.568" " 0.893" " 0.957" 0.946 "
RDWD 0.396" 0.919" " 0.974" " 0.963" 0.979 0.943
RVg 0.964" " 0.843" " 0.909 " " 0.885" " 0.956" 0.945"

RL: AR s RSARFH A RV AR B NR R AR A RDW AR T8 RV MR R4 77 RLD AR K % ) RSAD AR 32 11 L% [ ; RVR

WA RDWD MR FTEEE ., * . P<0.05; * x ;P<0.01,

RL: Root length; RSA: Root surface area; RV: Root volume; NR: Nodal roots; RDW: Root dry weight; RVg: Root vigor; RLD:

Root length density; RSAD: Root surface area density; RVR: Root volume ratio; RDWD: Root dry weight density.

* %, P<70.01.

x6 AEHENEZRMHALPHRAMEULETLE.
MDA & EfRK R HZE (RLDR) 5E=EHHEXRH
Table 6 Correlation coefficients between antioxidant enzyme
activity, MDA content at anthesis, root length decay rate(RLDR),

and yield of wheat varieties with different maturity

PRI F= i Grain yield

*; P<C0.05;
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