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Changes of Soil Mineral Nutrition, Microbial Biomass Carbon, Nitrogen and Enzyme Activity

Under Walnut and Soybean Intercropping in Dry Farming Area

LIU Xiaoyong', REN Jing', ZHANG Rui?, GUO Zhigang®, PENG Hai', HAN Fujun', LIU Xinwei*, XU Xiaogiang®

(1 Institute of Fruit and Floriculture, Gansu Academy of Agricultural Sciences, Lanzhou, 730070, China; 2 College of
Horticulture and Forestry, Tarim University, Alaer, Xinjiang 843300, China; 3 School of Biological Engineering and
Technology, Tianshui Normal University, Tianshui, Gansu 741000, China; 4 Gansu Coalfield Geology Bureau, Lanzhou
730030, China; 5 Tianshui Fruit Research Institute, Tianshui, Gansu 741002, China)

Abstract: In order to understand the changes of soil quality under walnut and soybean intercropping in dry farming area, explore
the correlations among soil mineral nutrition, microbial carbon and nitrogen and enzyme activity, Yuanlin (Juglans regia cv. L.)
was selected as the study material, two cultivation modes of walnut and soybean intercropping and walnut monoculture were set,
soil mineral nutrition, microbial biomass carbon (MBC) and nitrogen (MBN) and enzyme activities were determined in the
hardcore, maturity and deciduous stages of walnut. The results showed that intercropping significantly increased the content of
soil organic matter (SOM). The contents of alkali-hydrolyzed nitrogen (AN), available phosphorus (AP) in 0-60 cm soil depth
and available potassium (AK) in 0—20 cm soil in hardcore and nut maturity stages were significantly reduced. At the same time,
the accumulation of AN and AP were reduced in deep soil, thus the absorption and utilization of nutrients by crops were
accelerated. Compared with single cropping, intercropping increased soil MBC content in deep soil (40-60 cm) at the whole

growth stage and soil MBN content at the hardcore stage. At maturity and deciduous stages, soil MBN content was increased in
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0-40 cm, which maintained soil MBC content in deep soil. Under intercropping conditions, the activities of B-glucosidase (BG),
phosphomonesterase (AKP), a-cellulase (CBH), N-acetylglucosaminidase (NAG) and leucine aminopeptidase (LAP) in soil were
the highest at the maturity stage and the lowest at hardcore stage. The activities of the above enzymes in hardcore stage were
significantly lower than those of single cropping, while were higher than those of single cropping in maturity and defoliation
stages, which showed great fluctuation. 4) Pearson correlation analysis showed that soil MBC was positively correlated with total
nitrogen (TN), AN and SOM (P<0.01). Both soil MBC and MBN were significantly correlated with AKP activity under
intercropping (P<0.05). The activities of the five enzymes were positively correlated with each other (P<0.01). In conclusion,
interplanting soybean in young walnut orchard in dry farming area can significantly increase the contents of SOM, AN and AP at
walnut growth period, reduce the accumulation of AN and AP but increase the content of MBC in deep soil, promote soil enzyme
activities at nut maturing stage, thus improve the absorption and utilization of nutrients by crops.

Key words: Walnut and soybean intercropping; Soil; Microbial biomass carbon and nitrogen; Enzyme activity; Mineral nutrition;
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Fig. 1 Field layout of each treatment
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Table 1 Determination methods of soil nutritions
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B i (N-acetylgucosaminidase, NAG)FI4E & iR & Hk
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Table 2 Characteristics of SOM, mineral nutritions and pH in three growth stages of walnut

4 F +)ZE(em) bR SOM(g/kg) AN(mg/kg) AP(mg/kg) AK(mg/kg) pH
i 3] 0~20 FfE 2247 £ 0.86a 70.68 £ 0.55b 3220 £ 0.86b 33476 = 1.05b 834 £ 0.03a
MifE 1845 +£048b 13122 +£222a 4259 £ 048a 37151 £ 236a 825+ 0.02b
20~40 [nE(8 17.19 £ 0.35a 36.03 = 0.80b 2477 £ 035b  297.14 = 1.38a 831 = 0.03a
HAfE 1624 £021b 10594 +£2.58a 3397 £021a 30778 £ 288a 821 £0.03b
40 ~ 60 EfE 1401 £ 047a 26.87 = 0.30b 20.27 £ 047b 27878 £ 0.54a 832+ 0.03a
HfE 1360 £0.31a 8534 £ 1.73a 3877 £ 031a  277.63 £2.00a 827 £ 0.03b
U SR A 0~20 FfE 2274 £ 047a 68.01 = 0.72b 28.92 +047b  307.54 % 1.04b 831 +0.03b
HifE 1978 £121b 12633 £298a 4023 £ 1.21a 33596 +325a 837+ 0.02a
20~40 [nE(8 18.51 £ 0.85a 31.60 = 0.74 b 21.73 £ 0.85b  279.60 = 0.97a 827 = 0.02a
HAE 1763 £ 0.98b 95.28 +2.23a 31.30 £ 0.98a 28630 = 3.00a 828 £ 0.04a
40 ~ 60 HfE 1565+ 025a 2535+ 0.48b 17.87 £ 025b  256.68 = 0.70a 823 + 0.04b
HfE 1438 £ 0.62b 7777 £ 120 a 38.00 £ 0.62a  261.51 = 1.48a 831 £0.04a
- 0~20 FIfE 1947 £0.87b  126.11 £2.14a 3157 £ 0.87a 30818 £247b 827 + 0.02b
MifE 2264 +£1.53a  117.09 £ 4.07b 2923 £ 1.53b 37781 £ 447a 855+ 0.02a
20 ~40 [nE(8 2048 + 1.40 a 128.18 = 2.53 a 30.13 £ 1.40a  330.18 +2.67a 8.19 £0.03a
HAE 2053 £0.90a 94.35 +2.87b 3143 £090a 32394 +322a 821 £0.03a
40 ~ 60 EfE 1675 £1.00b 10932 £1.53a 2533 +1.00b  259.63 = 1.76a 826 + 0.03 b
HfE 1932 £ 1.10a 69.07 = 4.30b 28.47 & 1.10a 27628 + 474a 835+ 0.02a
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Fig. 2 Characteristics of SOM, TN, TP, TK, AN, AP, AK and pH in 0-60 cm soil layers at different growth stages of walnut

Table 3 Characteristics of soil MBC and MBN under different treatments

%3 AELIELIE MBC. MBN T {L4HE

R +)Z(cm) Qb3 MBC(mg/kg) MBN(mg/kg) MBC/MBN
fifi 1% 1] 0~20 ] 4 128.99 + 8.61 a 15.06 = 2.57 a 8.69 + 1.15b
HfE 139.87 + 10.97 a 1507 £ 1.52a 933 + 1.04a
20 ~ 40 ] 4 114.05 + 7.04 a 1510 £ 1.12a 7.56 + 037 b
A 112.48 =895 a 13.30 £ 0.62b 8.45 = 0.38a
40 ~ 60 [] 4 108.47 + 8.08 a 1472 £ 2.54a 749 £ 1.17a
0l 87.26 + 4.66 b 11.36 £ 1.38 b 775 £ 0.90a
L2 e8] 0~20 [] 4 13541 + 723 a 16.59 + 1.08 a 8.17 £ 0.15b
HfE 148.71 + 8.35a 9.76 + 1.66 b 1552 & 2.74 a
20 ~ 40 [ 4 119.58 & 7.68 a 18.99 + 4.44 a 6.56 + 1.74 b
A 12142 + 7.16 a 10.72 + 3.18 b 12.05 = 3.82a
40 ~ 60 (] 4 117.93 & 6.05a 12.17 £ 2.43 a 992 +£2.79a
B 93.96 + 4.34b 972 £ 1.92b 993 +2.11a
- 0~20 [i] 4 147.98 £ 8.63 a 40.11 £2.27a 3.69 £ 1.74b
HfE 159.29 + 8.24 a 32.24 £ 1.93b 494 £0.11a
20 ~ 40 ] 4 142.36 + 7.14 a 36.07 £ 2.55a 3.95 +0.09a
A 119.02 + 7.18 b 28.75 + 4.14 b 418 + 0.46a
40 ~ 60 (] 4 144.36 + 5.78 a 20.99 + 3.14a 6.98 = 1.05a
A 12337 = 4.83 b 2221 £ 1.78a 557 £ 031b

MBC/MBN {H Fifi + FEUR FE 3G £ 5k 2 BE AR, (1]
YEAL BRI RN T2 e . R RAR. S
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I AN [ A HR ot = 49 % 38 i MIBC 5 # R MR i/ N
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THAMEAL, — 3 3R)Z RN TC 2 2 5 IR
ARl )2 E] 13 MBC & 22 5 R K, BRI %

MR RZE IR E ST R IE AR 3
T2 MBC RARGERFHEM . BTSR[]
FEFNFRLVEADHE 1 458 MBN & 535 B35 G [l fEA 3
FEAPZ 1 MBN &5 53w TRELs, T2
39 R T ) 2 S AN B 2 S T A R 1 R A A
e, AFEJZEVEREAEL T MBC/MBN {H#)1)
BERA, BT 2B

M3 HAT L, BEAZBRAE B R, [RIVE AR A
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Fig.3 Changes of MBC and MBN in 0-60 cm soil layers at different growth stages of walnut
T4 FELETIEBEFET L
Table 4 Changes of soil enzyme activities under different treatments
MR + 2 Lb 3 BG AKP CBH NAG LAP
(cm) (nmol/(g-h)) (nmol/(g-h)) (nmol/(g-h)) (nmol/(g-h)) (nmol/(g-h))
TR 1] 0~20 FfE 2629 £2.15b  108.06 = 6.85b  3.55+0.19b 291 +0.08b 26.46 + 1.00 b
HfE 7358 +£3.12a 13478 £598a 1723 £090a 573 +£021a 5821 +2.87a
20 ~ 40 BIfE 1690 = 1.10b  88.23 £3.63b 2.09 £ 0.10b 1.43 £0.06b 20.11 £ 1.17b
HfE 6234 +£3.17a 11927 £ 7.15a  13.11 = 0.50a 466 +027a 5219 £ 251a
40 ~ 60 [BIE 20224+ 1.64b 10452 £46la 455+0.16D 1.20 +£ 0.05b 2491 +1.30b
HAE  60.87 £3.00a 103.77 £ 6.70a 12.85 +0.52a 403 +0.12a 46.55 £ 2.61a
1B 1 2ot 0 0~20 FfE 5990 22.67b 11092 + 7.12a 1234 = 0.67b 408 +£0.20b 59.01 =3.05a
HAE 6454 +277a 11247 2 537a 1494 +095a 485+ 0.14a 50.22 + 244 b
20 ~ 40 [BfE 7246 = 322a 12637 £6.18a 2149 + 124a 561 +026a 5542 £222a
HfE 4097 £216b 10206 = 7.12b  7.63 £ 0.40b 339 £0.10b 4356 £ 233 b
40 ~ 60 [BYE 5515 +267a 11745 +593a 725+ 05la 277 £0.14a 4997 +2.69a
HAE 4022+ 196b  97.45 £ 4.53b 7.13 £ 0.48a 2.94 + 0.08 a 37.30 = 1.75b
P 0~20 FfE 4419 £2.05a 14133 £642a  9.04 = 038a 489 4+ 0.19a 47.88 +239a
HAE 4315+ 282a 8552 +335b 8.10 = 0.52b 2.00 & 0.09 b 29.13 + 1.80 b
20 ~ 40 EfE  47.03 £241a 10684 £ 420a  9.87 & 0.64a 3.11 = 024a 36.42 + 1.53a
HAE 2254+ 184b 69.45 £3.67b 335+ 0.14b 1.33 = 0.05b 2651 + 1.41b
40 ~ 60 BfE 3557 £230a  98.62+520a 7.05 + 0.63 a 123 +£0.12a 30.58 £ 2.12a
HfE 1783 £ 153b 6244 £398b 221 +0.16b 0.87 &= 0.04 b 25.16 £ 1.25b
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N TR LAP IS HELEPTA Y A T R AR o

K4 R, ZHEAFAEF 0~ 60 em +HEHHE
PR AR LRI . B A B ERE, [IfRAL
HUY 5 ARG R SeTtm)E TR fkad, KR
Sy 8 R A R M i e, R B AU 5 B EAL PR
(Y 5 FREEHE S 5 P RERE S, A R, R
B o EPEARBRAY 5 b 1 7 R AZ S0 44 0 25 (0% T A
AR, T R SR RS R T AR AL B, 3K
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Fig. 4 Characteristics of soil enzyme activities in 0—60 cm soil layers at different growth stages of walnut
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EAME, 5 TK A 2 ek i 2 O G RN
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Z B RIARI WA, BIFESAET, TN S
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AK Fl SOM # it 2 [EAHOC; AK 5 SOM % i & 1EAH

x5 TRLEBIRHMENEYERES LIRT REFR. BHRM pH HHXREER

Table 5 Correlation coefficient matrix between soil microbial biomass carbon and nitrogen with soil mineral nutritions, SOM and pH under
different treatments

Ab MBC MBN TN TP TK AN AP AK SOM pH
MBC B 1
HrE 1
MBN K¢S 0.387" 1
AR 0.264 1
N ) 0.599" 0.218 1
B 0.598™ 0.311 1
TP ] /E 0.782" 0.344 0.859" 1
HAE —-0.650"  —0270  -0.194 1
TK B -0.518"  -0.529"  -0.066 -0.314 1
HrE —0.580"  -0.464"  -0.311 0.665" 1
AN K¢S 0.869" 0.468" 0.655"  0.884"  —0.582" 1
AR 0.708" 0.073 0.756"  -0.159  —0.038 1
AP ) 0.674" 0.300 0.946™  0.894™  —0229  0.7557 1
B —0.137  —0.373 0.165 0.674" 0503  0.436" 1
AK &) 0.327 0.126 0.826™  0.593"  —0.089 0.439" 0.838™ 1
HpE 0.793" 0.200 0.886"  —0.331  —0.400"  0.858" 0.134 1
SOM B 0.518" 0.139 0.873"  0.638"  -0.158 0.447" 0.825"  0.788" 1
HfE 0.856" 0.289 0.529"  —0.832" —0.827"  0.437°  -0.440"  0.714" 1
pH K¢S -0.149 -0.190 0.137 -0.057 0.6777  -0.368 0.101 0.136 0.120 1
AR 0.621" 0.236 0.100 0283  —0.482 0.187 -0.307 0.358 0.534™ 1
e ¥, MIERIRTE P<0.05. P<0.01 KSF(GRUI) 1 B M K TR,
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Table 6 Correlation coefficient matrix of soil microbial biomass carbon and nitrogen with enzyme activities under different treatments

b MBC MBN AKP CBH NAG LAP
MBC ¥l fE 1
A 1
MBN ) 0.387" 1
HAE 0.264 1
BG [] 4 0.251 0.135
A 0.131 —0.186
AKP [i] 4 0.3917 0.395" 0.607" 1
0l 0.095 -0.197 0.943" 1
CBH [] 4 0.160 0.183 0.898™ 0.551" 1
A 0.171 —0.160 0.993" 0.9317 1
NAG B 7E 0.300 0.315 0.796™ 0.808" 0.802" 1
HAE 0.048 -0.257 0.962" 0.973™ 0.963™ 1
LAP [] 4 0.275 0.131 0.939™ 0.698" 0.788" 0.811" 1
A 0.009 -0.263 0.934™ 0.970" 0.9317 0.985™ 1
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