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Effects of nighttime warming and copper pollution
on inorganic nitrogen pool in wheatland soil
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(1. College of Agriculture, Henan University of Science and Technology, Luoyang, Henan 471023, China;
2. Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract. Nighttime warming (2 levels, warming and no-warming) and copper pollution [ four gradients, CK
(6mg-kg'), LP (43 mg - kg™'), MP (155 mg + kg™') and SP (209 mg - kg™') ] dual-factor positioning ex-
periment in wheat field, combining with constant temperature culture (91 d, 20°C and 30°C ) indoors were carried
out to analyze the changes and stability characteristics of soil nitrate nitrogen, ammonium nitrogen and inorganic ni-
trogen content. These results found that, a significant difference on nitrate nitrogen and ammonium nitrogen in soil
were observed by two-factor interaction of warming and copper pollution. With increase of amount of copper applied
in soil, soil nitrate nitrogen, ammonium nitrogen and inorganic nitrogen had the characteristics of first increase and
then decrease. Nighttime warming led to a significant decrease in soil nitrate nitrogen and inorganic nitrogen by
10.8% and 5.7%, respectively. Nitrate nitrogen significantly decreased by 17.4% and 15.2% under LP and MP
treatments, respectively, while SP resulted in a higher content of soil nitrate nitrogen and ammonium nitrogen by
6.9% and 15.1% , respectively. Constant temperature cultivation at 20°C and 30°C increased the content of inorgan-
ic nitrogen by 1.6~4.6 times and the content of ammonium nitrogen by 5.2 ~13.3 times but reduced the content of

nitrate nitrogen by 40.3% ~65.1%. Compared to the constant temperature culture at 30°C , the constant temperature
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culture at 20°C promoted a larger content of inorganic nitrogen and ammonium nitrogen and a higher ratio of ammo-

nium to nitrate in the soil. The nighttime warming, enhanced the Q,, value of soil nitrogen net mineralization and

ammonification but decreased the Q,, value of nitrification by 16.8%, respectively. Suitable copper content ( LP .

43 mg - kg™') in soil accelerated the rate of ammonification, mineralization and nitrification of soil nitrogen. Our

findings revealed that nighttime warming boosted the temperature sensitivity of soil nitrogen mineralization in dryland

wheat field and reduced the stability of inorganic nitrogen pools. The relationship between soil copper pollution and

soil nitrogen pool transformation and response to nighttime warming had a concentration effect.

Keywords: nighttime warming; soil copper pollution; wheatland soil; inorganic nitrogen pool; Q,, value
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normal temperature during winter wheat growth in 2018-2019
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Table 1

Content of soil inorganic nitrogen under

nighttime warming and soil copper pollution

e . SR
UL S S
Nighttime  Copper NO;-N NH;-N nitrigen’
warming concentration /(mg - kg’l ) /(mg - kgil ) /(mg - kg_l )

CK 11.571+0.358ab  6.163+0.217e 17.733+0.301¢c
LP 11.776+0.090a  8.855+0.058a 20.632+0.148a

N MP 11.383£0.224b  7.694+0.041c  19.077+0.207b
SP 9.825+0.045¢  7.290+0.003d 17.115+0.045d
CK 10.317£0.064d  6.398+0.050e  16.715+0.021e
T LP 9.556+0.185f  9.100+0.321a 18.656+0.505b

MP 9.818+0.117ef 8.840+0.474ab 18.657+0.377b
SP 10.500+0.092¢  8.395+0.133b  18.895+0.152b

2R Cu 6.7316™ * 52.119* * 27.780" *
Factor Warming ~ 76.673* * 18.646™ * 4213
effects  CyxWarming  24.943* * 2,613 16.044 " *

Y« AR R 5B R 225 545 (P<0.05) . NS R 252K i
o+ and * o+ SPFRIRH E RN AE P<0.05 Fl P<0.01 /K-35,
T,

Note: Different lowercase letters in the same column mean
significant differences at P<0.05 level. NS means no significance. * and
# * mean significance of factor effects at the P<0.05 and P<0.01 level ,

respectively. The same as below.
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Table 2 Content and composition of inorganic nitrogen in soil after cultivated at different temperatures

WRRE e il i G AR PR /T I
Culture Nighttime Copper NO;-N NH;-N Inorganic nitrogen Ammonium to
temperature/ C warming concentration /(mg - kg™") /(mg - kg™") /(mg - kg™") nitrate ratio
CK 5.331+0.143b 88.247+0.204c¢ 93.577+0.270e 16.591+0.439¢
NT LP 5.152+0.020bc 92.118+0.229h 97.269+0.247d 17.882+0.035¢
MP 5.135+0.001c 97.641+0.100a 102.776+0.100b 19.014+0.018a
20 SP 4.982+0.006d 87.231+0.168¢ 92.213+0.762f 17.512+0.176¢d
CK 4.747+0.126f 89.312+0.172¢ 94.059+0.272e 18.854+0.484ab
HT LP 5.201+0.006b 95.790+0.300ab 100.991+0.301c 18.417+0.056b
MP 5.160+0.161bc 98.011+0.071a 103.171£0.232a 19.048+0.554a
SP 4.999+0.007e 87.915+0.169¢ 92.914+0.175f 17.588+0.021d
CK 4.032+0.160g 56.532+0.152ef 60.564+0.280;) 14.085+0.539f
NT LP 5.871+0.112a 48.864+0.025¢ 54.735+0.115k 8.332+0.159k
MP 5.252+0.136b 47.424+0.055h 52.676+0.174 1 9.047+0.220;
30 SP 4.713+0.007f 46.527+0.033i1 51.240+0.035m 9.872+0.015i
CK 4.720+0.225f 56.653+0.241ef 61.373+0.376i 12.100£0.597¢
HT LP 5.970+0.046a 65.313+0.253d 71.283+0.221¢ 10.942+0.117h
MP 5.860+0.222a 58.528+0.169¢ 64.389+0.147h 10.032+0.395i
SP 5.338+0.182b 54.485+0.148f 59.824+0.148;j 10.245+0.379i
Culture temperature ( CT) 87017.573 " * 4.105* 68020.233 % * 2011.402* *
Cu 566.066 * * 32.939" " 522.419* " 19.244* ¢
. Warming 1637.833* * 8.664 " " 1386.157* * 13.254* ¢
Fitfffl}gts Cu x CT 420.455* " 21.639" * 287.998 * * 39.075 **
Warming X CT 850.001 * * 23.454* " 786.511" * 0.474N3
Warming X Cu 233.713% " 1.298N 184.424 % * 3.865%
WarmingXCuxCT 139.534* " 3.722" 93.308 " * 17.089 * *

®3 AEBETLESERT U (SM FHL)ERHTL/ (mg - kg -d7')

Table 3 Changes in the rate of soil net nitrogen mineralization ( ammonification, nitrification) under different temperatures

B R AL e i

Culture Nighttime Copper ﬁﬁﬂ:ﬁi_}: %ﬂ:ﬁ}: . ﬁ}ﬂjﬁﬁ
temperature/C warming concentration Nitrification rate Ammonization rate Mineralization rate

CK -0.069+0.0011 0.902+0.002e 0.833+0.003f

NT Lp -0.061+0.001f 0.915+0.002d 0.842+0.003e

MP -0.069+0.0011 0.989+0.001a 0.920+0.001a

20 Sp -0.053+0.001d 0.879+0.008f 0.826+0.008f
CK -0.061+0.001f 0.911+0.002d 0.850+0.003d

T LpP -0.048+0.001bc 0.953+0.003¢ 0.905+0.003¢

MP -0.051+0.002¢d 0.980+0.001b 0.929+0.002b

Sp -0.060+0.001ef 0.874+0.002f 0.814+0.002¢

CK -0.083+0.002; 0.554+0.002h 0.471+0.003k

NT Lp -0.065+0.001gh 0.440+0.001k 0.375+£0.001m

MP -0.067+0.001hi 0.437+0.0011 0.369+0.002n

30 SpP -0.056+0.001e 0.431+0.001m 0.375+0.001m
CK -0.062+0.003fg 0.552+0.003h 0.491+0.004;

T LpP -0.040+0.001a 0.618+0.003g 0.578+0.002h

Mp -0.044£0.003ab 0.546+0.002i 0.503+0.002i

SP -0.057+0.002e 0.506+0.002j 0.450+0.0021

FIRY Q16 B EREMK, AL CK AbHE, 1E S 5
T A T e il - A E b AR AR 3 W i
{8 58 2 SIAR T 19.5% ~28.9% 20.0% ~28.0% FI

13.1% ~26.4% , F W] T34 & i 28 R IK I Y M 6 B R F B TR) 14 TR Rt S T A
FRV A E AR, SRR, MRS SRIEERCR A/ NE A H I 57 SR
PF R HTS Y+ Rk BRI Q05 ThE 0.5°C AT, DR A STIER > ) A
B E R 21.6% ~43.6% 18.1% ~35.0% , ifL i E W5 A B ARR IR IR T b A 11 eI R

B Qo (H . FRAK 7.6% ~ 12.5%
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Fig.2 Temperature sensitivity coefficient of soil inorganic nitrogen with different copper concentrations
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