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Effects of elevated CO, and warming on soil carbon, nitrogen and phosphorus transformation—-linked enzymes

activities at different millet growth stages

WANG Xuesong', ZHENG Fenli'*’, WANG Jing', JIAO Jianyu', ZHAO Miaomiao'

(1. State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest
A&F University, Yangling 712100, China; 2. Institute of Soil and Water Conservation, CAS & MWR, Yangling 712100, China)

Abstract: Pot control experiments were adopted to study the responses of these soil transformation—linked enzyme activities to elevated
CO; and warming at different growth stages of millet (Setaria italica). Three artificial climate chambers were used to control the ambient
CO: concentration and temperature. Three climate scenarios, control (400 pmol - mol™ CO, concentration and 22 °C ambient temperature,
CK), CO; concentration elevation (CO. concentration 700 pwmol + mol™ and 22 °C ambient temperature, EC), and CO, concentration and
temperature elevation(CO, concentration 700 pwmol * mol™ and temperature 26 °C), were designed. Each climate scenario covered two water

conditions (adequate water supply, i.e., 70% field capacity and mild drought, i.e., 50% field capacity). Activities of soil B —glucosidase
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(BG), B—N-acetyl glucosidase (NAG), leucine aminopeptidase (LAP), and alkaline phosphatase (ALP) were measured at four millet
growth periods: anthesis, 10 d after anthesis, grain—filling stage, and maturity stage, respectively. The results showed that an increase in
CO, concentration from 400 pwmol + mol™ to 700 wmol « mol™ significantly reduced LAP activity, but it increased NAG activity under
adequate water supply and significantly reduced ALP activity under mild drought conditions. A temperature increase of 4 °C significantly
inhibited soil BG and ALP activities, and the effect of the temperature increase on soil NAG activity was related to the soil water conditions.
The interaction between elevated CO, concentration and millet growth period had significant impacts on these four kinds of soil enzyme
activities. The interaction between temperature increase and millet growth period had a significant effect on BG activity under the adequate
water supply, and it significantly affected BG and NAG activities under the mild drought condition. In conclusion, at different millet growth

stages, the impacts of elevated CO. concentration, temperature increase, and mild drought on soil carbon, nitrogen, and phosphorus

transformation—linked enzymes have different trends.

Keywords: climate change; elevated CO,; warming; millet; growth stage; soil enzyme
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Figure 1 Temperature setting of artificial climate chamber in 24 h

during the experimental period
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Table 1 The experimental treatments

[RErP OS] CO i TR EE K PRaINE
Experimental treatments CO: concentration/( mol - mol™) Temperature/C Soil moisture content/% Date of sampling
XTHE(CK) 400 22(CHETHREEIREE) 13.0(50% FC) JFAERI(ST) JFHESR
18.0(70% FC) 10 d(s2) A
3 - VRN (83) I (S4)
COHSE T (EC) 700 22CHRTFR IR 13.0(50% FC)
18.0(70% FC)
COMRPETH R AR (EC+T) 700 26($iik 4 °C) 13.0(50% FC)

18.0(70% FC)

1 FC R HARK &
Note : FC means field capacity.

WWW.Qes.019.CN
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HZRE5HM

2.1 Xt IR R BEIEIAE L B A MR R
2.1.1 X435 BG G MY R

[l 2 AT, COL ¥ B2 T (FH 400 pumol - mol ™ Ft
2700 pmol - mol ™) X 135 BG HTFE P 1% 52 M 76 R A 4
oK FMTHEREZS . FET0%FC KT .5

2

2 IR E
Table 2 Date of sampling

RIS A0 &S KL Days after seeding/d
Treatments FFAE I Anthesis stage FFAEJ5 10 d 10 d after anthesis stage MW Grain—filling stage B Maturity stage
CK+70%FC 922 102 112 153
CK+50%FC 92 102 112 153
EC+70%FC 82 92 103 145
EC+50%FC 82 92 103 145
EC+T+70%FC 80 90 101 144
EC+T+50%FC 80 90 101 144
F3 TIERGE N E R R LS IR E
Table 3 Soil enzymes, their substrates, and incubation time

+ 390 Soil enzyme JIK#) Substrate 15 F£ 15 [E] Incubation time/h

B B (BG) 4-MUB-B-D-glucoside 2

B-N-Z BEHE 1Tl (NAG) 4-MUB-N-acetyl-B-D-glucosaminide 4

SERA MR KA (LAP) L-Leucine-7-amino-4-methylcoumarin 2

DR RERR ARG (ALP) 4-MUB-phosphate disodium salt 0.5

1% WHART]
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Different lowercase letters in the same growth stage mean significant difference among different treatments at the 0.05 level. The same below
B2 CO.REFB/IMBRNE T EETHLIR BCEE LA

Figure 2 Effects of elevated CO, and warming on soil BG activities at different growth stages of millet

Maturity stage
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Figure 3 Effects of elevated CO, and warming on soil NAG activities at different growth stages of millet
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Figure 4 Effects of elevated CO,and warming on soil LAP activities at different growth stages of millet
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Table 4 Repeated measures ANOVA for the effects of CO,,temperature, growth stage , and their interaction on soil carbon , nitrogen, and

phosphorus transformation—linked enzyme activities

IKAY S 5Eg BG NAG LAP ALP
Water condition Factor F P F P F P F P
70%¥C S 37.24 <0.000 1 23.41 <0.000 1 148 <0.000 1 78.65 <0.000 1
CO, 4.05 0.114 4 13.08 0.022 4 9.08 0.039 4 1.98 0.2324
T 16.94 0.0147 9.44 0.037 2 0.32 0.600 8 9.26 0.038 3
COxS 27.40 <0.000 1 9.43 0.001 8 8.85 0.022 5 5.03 0.017 5
TS 5.62 0.384 0 2.95 0.075 8 1.11 0.054 3 2.47 0.1120
COXT 47.44 0.002 3 15.16 0.0176 16.58 0.0152 24.43 0.007 8
CO-XTXS 33.81 <0.000 1 13.33 0.000 4 18.94 <0.000 1 1.04 0.409 9
50%FC S 13.35 0.000 4 19.31 <0.000 1 92.02 <0.000 1 95.64 <0.000 1
CO, 0.92 0.3929 0.22 0.665 0 34.8 0.004 1 9.48 0.0370
T 39.63 0.003 3 0.35 0.583 4 4.10 0.1129 15.57 0.0169
COxS 0.91 0.465 3 6.10 0.009 2 4.17 0.030 8 4.77 0.020 6
TS 7.45 0.006 4 23.86 <0.000 1 2.04 0.161 4 2.23 0.1375
COXT 57.98 0.001 6 0.02 0.890 4 3.50 0.134 6 2.77 0.1712
COXTXS 15.15 0.000 2 22.71 <0.000 1 5.11 0.016 6 0.24 0.868 9

L THR R SRR AT M.
Note: T means warming;S means growth stage.
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