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Comparison of three methods used to determine soil microbial activity under

different irrigation systems

LI Wen, YE Xuhong, HAN Bing,ZHANG Xichao, ZOU Hongtao ™ ,ZHANG Yulong
College of Land and Environment Shenyang Agricultural University , Northeast key laboratory of conservation and improvement of cultivated land (M‘ s

Ministry of agriculture , 4% National engineering laboratory for efficient utilization of soil and fertilizer resources, Shenyang 110866, China

Abstract; Irrigation is a main agricultural management measure in arid regions. The area of ipfigated farmland has reached
58.5 million hectares in China, and the area of water-saving irrigation has reachedmillion hectares with the
development of sustainable agriculture. However, furrow irrigation is still widely used, especially in vegetable fields, which
require multiple water sources. This results in the waste of water and issues relating to soil quality. Recent studies have
demonstrated that irrigation can change the soil moisture conditions, and thus affect soil microbial activity. Soil microbial
activity, a significant assessment index for soil quality, links the microbial community structure with ecosystem function.
Therefore, determining microbial activity, both accurately and quickly, is important for the evaluation of soil microbial
metabolism. Several approaches have been utilized to analyze soil microorganism activity in many studies. Soil enzyme
activity and soil respiration are widely used; however, the results might lack accuracy due to certain limitations. Therefore,
the objective of this study was to analyze the effects of different irrigation methods on soil microbial activity, which was
assessed by soil enzyme activity, soil respiration, and microcalorimetric methods, based on a long-term irrigation experiment
in Shenyang Agriculture University. Three irrigation methods were investigated, including drip irrigation (D), subsurface
drip irrigation (S), and furrow irrigation (F) as a control. The results showed there was no significant difference in soil
enzyme activity or soil respiration under different irrigation systems. Compared with conventional methods, the

microcalorimetric method provided more useful information on changes in the soil microbial activity. The microcalorimetric
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method produced a power-time curve, which was a typical microbial growth curve. Based on the soil thermal dynamic index,
changes in total heat, maximum thermal power, and growth rate under drip irrigation and furrow irrigation were negligible.
No difference in microbial activity was observed between drip irrigation and furrow irrigation; however, activity was the
lowest with subsurface drip irrigation. Therefore, drip irrigation with plastic was the method of water-saving irrigation most
suitable for maintaining higher microbial activity in sustainable agriculture. Thus, the technology of subsurface drip
irrigation should be further improved. Furthermore, the microcalorimetric method represents a novel way of detecting
microbial activity, which was difficult to detect using traditional methods. As a consequence, the use of traditional methods
to determinate soil microbial activity is limited, and the microcalorimetric method is highly sensitive for the determination of

soil microorganism activity.

Key Words: irrigation; enzyme activity; soil respiration; microcalorimetry
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Table 1 Soil physical and chemical properties under different irrigation methods

- FIKE/ % pH fi EHLFR /(g/kg) BEHR (g/kg) 2R/ (g/kg)
AL Treatment . . . .

Moisture content pH value Organic matter Total organic carbon Total nitrogen

D 11.86+1.19 ab 6.30+0.03 a 28.07+5.17 a 16.28+3.00 a 2.03+0.33 a

S 10.48+1.88 b 6.42+0.07 a 23.27£2.04 a 13.49+1.18 a 1.61£0.13 a

F 14.67+2.24 a 6.18+0.13 a 27.81£5.53 a 16.13+3.20 a 1.95+0.38 a

D . 78 % HE drip irrigation ;S BHE subsurface drip irrigation; F'; VHHE furrow irrigation ; AN [Rl/NE PR FE R AL BRIA] 22 53 535 (P < 0.05)

2.2 FEMETT O S 1 S
M 2 0 LA AN AT 7 3O SRR Al | Pl AR A S 1 20 2 R (AR R B 2
TR VL A0 e A T B 240 o e vy YRR BB/ o /KA O 1o ) VAT 98 2 B vog R TR B0 16 1, T 7 UK
/N RE SRR R AL R R T %Hﬁ?ﬁﬁ@?iﬁ%@ﬁ?ﬁ‘@*ﬁﬁﬁ%ﬂﬁﬁ% H T A o, A5 7L R
FRAEEEL /KT NI 5 1+ SR 76
®2 REMERSRTLREE Y

Table 2 Soil enzyme activity under different irrigation methods

AbFR JIkAE/ (NHS-N pg/g) AL/ ( Glucose mg/g) WA/ (n1/(g - 6h))
Treatment Urease Inverting enzyme Dehydrogenase
D 7.94+2.96 a 11.54£2.33 a 14.23£2.12 a
S 7.08+1.46 a 8.24%1.56 a 11.67£2.58 a
F 9.02+1.67 a 9.78+1.33 a 13.12£1.43 a

AN FHE R A B A 22 5 B 3 (P < 0.05)
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Fig.2 Thermal power time curve of soil microbial under different
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Fig.1 The effect of irrigation methods on CO,emission flux during
irrigation methods
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Table 3 Thermal indicators of soil microbial activity under different irrigation methods
P WA B Ty 2 H5F 7]/ mi
W (1) W%/ W LA in o
Vil e . the time to reach the Az K3 R E/ min
Total heat dissipation the maximum thermal . )
Treatment maximum of the peak Growth rate constant (k)
(Qu) power peak (P,,,) o
D 15.45 844.61 460 0.006926
14.86 720.34 470 0.005854
F 15.52 848.36 420 0.006595
3 g
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Table 4 Microcalorimetric compared with traditional methods
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microcalorimetry and the Enzymatic activity Soil respiration Microcalorimetry
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