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Effects of years of alfalfa planting on nitrification potential and
abundance of soil ammonia oxidation microorganisms
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(1. Resource and Environmental Faculty of Gansu Agricultural University, Lanzhou, Gansu 730070, China;
2.Gansu Key Laboratory of Aridland Crop Science, Lanzhou, Gansu 730070, China)

Abstract: This experiment relied on the alfalfa ( Medicago sativa) cultivation with different planting years
(L2003, 12005, and 1.2012) on Loess Plateau. We investigated the soil nitrate N, ammonium N, nitrification po-
tential, the abundance of ammonia oxidization Archaea( AOA)and ammonia oxidization Bacteria (AOB) , and ana-
lyzed the effects of physicochemical indexes on the abundance of ammonia-oxidizing microorganisms. The results
showed that the nitrification potential of soil gradually decreased with increasing years of alfalfa planting and differ-
ent years of planting had significant differences ( P<0.05), which nitrification potentials of 12012, 12005 and
1.2003 were 0.05, 0.04 pg « g”' - h™ and 0.04 ug - g”' - h™", respectively. Soil total N gradually significantly in-
creased with increasing years of alfalfa planting (P<0.05), which total nitrogen contents of 12012, 12005 and
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12003 were 1.02, 1.14 g - kg™' and 1.18 g - kg™', respectively. The total N contents of L2003 and L2005 were
higher than 1.2012 by 15.69% and 11.76%, respectively. Soil nitrate N significantly increased gradually with in-
creasing years of alfalfa planting (P<0.05). The soil nitrate N contents of L2003 and L2005 were higher than that
of L2012 by 59.73% and 33.62% , respectively. The number of copies of AOA amoA gene was 9.75%10° ~ 12.68%
10° - g™, which was significantly higher than 5.01x10°~7.70x10° - g™ of AOB, and the AOA abundance gradu-
ally increased with increasing the years of alfalfa planting significantly. The AOB abundance showed a significant
trend of increasing first and then decreasing with increasing years of alfalfa planting (P<0.01). This indicates that
AOA was the dominant microorganism of ammonia oxidation in alfalfa soil in semi-arid area of loess plateau. The
correlation analysis showed that AOA abundance was significantly positively correlated with total N (r=0.853) and
nitrate N (r=0.833) but significantly negatively correlated with nitrification potential (r=-0.802), and AOB a-
bundance was not significantly correlated with physicochemical properties. The results also showed that AOA was
the dominant group of ammonia-oxidizing microorganisms in alfalfa soil in the semi-arid area of the Loess Plateau,
which had a stronger response to alfalfa growth years, but it did not lead the soil nitrification process.
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Table 1 Basic physical and chemical properties

+RRE AFHE Al A 7 ol
Soil depth  BD  pH  SOC ™ TP TK
/em  /(geem®)  /(g-kg)/(gke!) /(s ke!) /(g kg)

0~30 1.30 8.30 6.79 0.80 0.79 15.19

*2 BHREENSIMERESIMEFT

Table 2 Primer names and primer sequences of target genes

EFiUET S EIE/E2 S1WFE 57 -3
Target group Primer Primer sequence(5'-3")
AOA Arch—amoAF STAATGGTCTGGCTTAGACG
Arch—amoAR GCGGCCATCCATCTGTATGT
AOB AmoA-1F GGGGTTTCTACTGGTGGT
AmoA-2R CCCCTCKGSAAAGCCTTCTTC

TEF 0 BWeg 19, R 0 R E514,

Note: F is upstream primer and R is downstream primer.
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Table 3 Effects of different alfalfa planting years on soil total

nitrogen, nitrate nitrogen and ammonium nitrogen

Ab ¥ B HER A
Treatment TN/ (g + kg™') NH;-N/(mg - kg™') NOJ-N/(mg - kg™")
12003 1.18+0.00a 2.56+0.31a 12.97+0.72a
12005 1.14+0.04a 2.34+0.18a 10.85+0.10b
12012 1.02+0.03b 2.43+0.11a 8.12+0.45¢

i FF R RIS R R 28 53 .35 (P<0.05)
Note: Different letters in the same column represent significant

differences among treatments ( P<0.05).

716.00 =Y AOA 23.00
> ==AOB

) 14.00 g —— AOA : AOB12.50
= 12.00 "
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S 8.00 150
S S
g 600 1.00=
2 4.00 )
= 2.00 0.50
RN 0 0

i ¥ Treatment

T : Al — 8 A AN | 7 RE 7R A B ) 22 5 {23 (P<0.05)
Note: Different letters in the same index indicate significant

differences among treatments ( P<0.05).

B2 AEEEMEERITTEE AOA 71 AOB FEHIF I

Fig.1 Effects of different alfalfa planting years on
soil potential nitrification rate Fig.2 Effects of different alfalfa planting years on
soil AOA and AOB abundance
F4 TESEUREYVFEESTERE HULEBEBHEXSHT
Table 4 Pearson correlation between abundance of AOA and AOB and potential nitrification, soil N
Bh% 1L Al AR BSH
i s LR AR SR AOA AOB
Item Nitrification potential TN NO3;-N NHj; -N
LIS Potential nitrification 1 -0.810" * -0.730" ~0.065 -0.802" * -0.654
£ 1 0.749 " 0.208 0.853* " 0.321
A Z NO;-N 1 -0.022 0.833** 0.194
A NHE-N 1 0.416 -0.157
AOA 1 0.385
AOB 1

0« fRRBEA K (P<0.05) , * = fLEM B EHK(P<0.01),

Note: * represents significant correlation (P<0.05), * * represents highly significant correlation ( P<0.01).
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