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Effects of nighttime warming on dry matter accumulation and
distribution and root growth of wheat under soil lead stress
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Abstract: Effects of climate warming and soil lead (Pb) contamination on growth of crops and their under-
ground roots remain as urgent concerns. In this study, responses of winter wheat (vs. Zhongmai 175) in dry matter
accumulation and its distribution of the above and belowground, harvest index and its root activity in key growth pe-
riod to nighttime warming (NW) and lead (Pb) contamination were investigated. Results showed that the NW ob-
viously enhanced average soil temperature with range of 0.6 ~1.4°C during wheat growth period. The NW signifi-
cantly increased total biomass and yield of wheat in non-Pb pollution at dough stage, while harvest index was ob-
servably decreased. Compared with decreases of total biomass and yield along with the increasing Pb concentration
under control environment, the NW significantly increased wheat yield by 14.7% ~19.1%, total biomass by 13.0%
~26.5% and harvest index, further indicating that the NW improved the ability of wheat resisting the Pb pollution
hazard. The NW basically showed a positive effect on dry matter accumulations of roots, while Pb pollution stress
did a negative effect on those. The NW basically raised root dry matter and the ratios of root to shoot biomass, but
they were restricted by the level of Pb pollution and wheat growth stage. The root activities of wheat decreased with

increasing Pb concentration in soil. However, lower soil Pb concentration basically improved the root activities at
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different growth periods under the NW. The NW significantly increased the root activities by 12.2% ~40.2% of four

Pb treatments in heading stage. The enhancement of root activities under the NW helped the crop resist Pb stress.

Our findings shed light on the positive effects of the NW on wheat root system, contributing to improve the ability of

wheat resisting soil Pb stress.

Keywords: nighttime warming; winter wheat; soil pollution; lead; dry matter; root growth
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Fig.1 Dynamic of soil temperature by passive nighttime

warming ( NW) and control (CK) in field during 2015 to 2016
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Table 1 Effects of nighttime warming and soil Pb pollution on total biomass, grain and harvest index of wheat in dough stage
£/ (g B M (g - BT FE/ (g - #E7) R (g - B AVEMIEY (g - BT WK
QbF Stem weight Leaf weight Glume weight Grain yield Total biomass Harvest index
Treatment /(g - plant™) /(g - plant™) /(g - plant™) /(g - plant™) /(g - plant™)
CK NW CK NW CK NW CK NW CK NW CK NW
Pb,  133+003a 153x003a 021x00la 027+00la 045+0.02a 049+0.02a 2.01+0.05a 2.18+0.0la 4.18+0.09a 4.70£0.06a 0.503+0.006ab0.489+0.002a

Ph;, 1.22+0.03b 1.35+0.03b  0.19+0.0lab 0.25+0.0lab 044+0.0la 0.48+0.03a
Pb;  1.20£002b 1.34+002b 0.18£0.01b 024+00lbc 042+00la 047+0.0la
Pb,  1.18+0.03b 1.30+0.03b 0.17+001b 0.22+00lc  0.37+0.01b 043+0.01b

1.87£0.04b 2.15+0.05ab 3.90+0.03b 4.41+0.02b 0.502+0.001b 0507+0.002b
1.79+0.04b 2.13+0.02b  3.75+0.03c 4.35+0.04b 0.503+0.000b 0.509+0.003b
148+0.04c 2.12+0.01b  3.35+0.01d 4.24+0.03c  0.509+0.001a 0.519+0.001c

T : R Rl PR R AL BRR 22 57 B 3 (P<0.05) . T 1Al

Note : Different letters in the column indicate differences among treatments at the 0.05 level. The same as below.
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Table 2

Influencing effects of temperature and soil Pb pollution on the accumulation and

allocation of biomass, the ratio of root to shoot and root activity of wheat

i H A Temperature Pb TemperatureXPh

Item Growth period F p F P F P
257 Stem weight 49.726 0.000 1.621 0.116 0.716 0.559
M Leal weight 115.488 0.000 11.125 0.001 0.157 0.923
FE Glume weight AU 190.039 0.000 23.037 0.000 14.476 0.000
KPR Grain yield Dough stage 13.844 0.002 5.097 0.014 0.181 0.907
S ¥ & Total biomass 396.170 0.000 71.997 0.000 7.938 0.002
AR AE R Harvest index 1.167 0.298 6.896 0.004 4.098 0.028
Wi Seedling stage 8.310 0.012 9.337 0.001 0.258 0.854
itk P Jointing stage 4.591 0.080 0.336 0.799 0.118 0.948
Root weight IR Heading stage 10.517 0.006 25.042 0.000 0.633 0.606
IR Dough stage 1.056 0.321 6.459 0.006 4.217 0.025
Wi Seedling stage 412.833 0.000 38.334 0.000 15.805 0.000
5 L P ] Jointing stage 2.618 0.128 1.994 0.105 0.921 0.456
Root-shoot ratio Hih A Heading stage 0.429 0.523 218.851 0.000 2.003 0.160
IS Dough stage 13.577 0.002 33.872 0.000 5.183 0.013
i Seedling stage 0.141 0.713 0.314 0.815 8.337 0.002
HRG M P Jointing stage 0.056 0.817 0.627 0.609 0.881 0.475
Root activity FAEE Heading stage 9.061 0.009 2.294 0.123 0.197 0.897
P Dough stage 0.597 0.453 0.796 0.516 1.178 0.354

1 : Temperature ; 7% [A]3435; Pb: Pbi54%,

Note: Temperature: night warming; Pb: soil Pb pollution.
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Table 3 Effects of nighttime warming and soil Pb pollution on root dry matter accumulation/ (g - plant™)

Kb i Seedling stage ) Jointing stage 3 Heading stage I Dough stage
Treatment CK NW CK NW CK NW CK NW

Pb, 0.021+£0.001a 0.032+0.001a  0.033+0.001a 0.034+0.00la  0.363+0.002a 0.383+0.006a  0.190+0.005a 0.230+0.005a

Pb, 0.020+0.001ab 0.032+0.001a  0.033+0.001a 0.033+0.00la  0.247+0.007b 0.263+0.005b  0.177+0.005b 0.180+0.003b

Pb, 0.019+0.001ab 0.025+0.002b  0.030+0.001b 0.032+0.00la  0.223+0.004c 0.237+0.005¢  0.167+0.005b 0.170+0.007bc

Pb, 0.018+0.001b 0.024+0.001b  0.030+£0.001b 0.032+£0.001a  0.207+0.005d 0.223+0.004d  0.153+£0.002¢ 0.163+0.003c
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Table 4 Effects of nighttime warming and soil Pb pollution on root-shoot ratio

e Wi AT e il
Seedling stage Jointing stage Heading stage Dough stage
Treatment
CK NW CK CK NW CK NW
Pb,, 0.18+0.006a  0.19+0.002a 0.08+0.003a  0.10£0.004a  0.14+0.004a  0.15+0.003a 0.05+£0.004a  0.06+0.005a
Pb, 0.17£0.004a  0.18+0.004b  0.08+0.003a  0.10+0.002a  0.11+0.003b  0.13+0.004b ~ 0.05+0.002a  0.05+0.003b
Pb, 0.15+0.005b  0.17+0.004¢ 0.08+0.008a  0.10+0.00la  0.10+0.004c  0.11+0.005¢ 0.04+£0.002b  0.04+0.002¢
Pb, 0.14+0.005b  0.16+0.006¢ 0.08+0.001a  0.09+0.004b  0.09+0.006¢c  0.10+0.005¢ 0.04+0.001b  0.04+0.001c
140 Ay R, X2 Ph BRE R A K S R 4l
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Note: * indicates differences at the 0.05 level in the same

treatment between nighttime warming and no warming treatments.
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Fig.2 Effects of nighttime warming and soil Pb pollution

on root activity at different growth stages
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