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Abstract

Introduction: Plant growth and crop productivity may be adversely affected under unfavorable
environmental conditions, such as a lack of organic matter in the soil. To counteract the negative
impacts of these challenges, a unique strategy is required. The paucity of organic inputs, which is
common in conventional agricultural production, can lead to soil degradation, erosion, and loss of
soil organic matter, which are unfortunate consequences. Soil organic amendments have been
shown to have beneficial effects on crop production and a wide range of soil properties in
agricultural systems. However, the limited availability of phosphorus (P) in soil can significantly
restrict crop growth and productivity, particularly in maize crops. Adequate P supply has been
found to enhance early maturity, crop quality, and yield. However, the prolonged use of chemical
fertilizers such as NPK has been found to have adverse effects on soil fertility and crop quality.
As a result, the combined application of organic and chemical fertilizers has been proposed as an
effective approach compared to the single application of organic or chemical fertilizer alone.
Therefore, this study aimed to assess the potential benefits of using compost and Triple Super
Phosphate fertilizer (TSP) application on the chemical and biological properties of soil, as well as
the properties of forage maize (cv. SC704), in loess soil.

Materials and Methods: A factorial experiment was conducted using a completely randomized
design with three replications. A total of 36 samples were prepared in two separate cultivated and
incubated experiments. A pot experiment was conducted to investigate the effects of simple and
enriched compost, containing urea and Streptomyces, and varying amounts of TSP fertilizer (0,
10, 40, and 100 mg/kg), on soil properties and maize plant growth. In addition, an incubation
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experiment was conducted to measure the effects of the same treatments on soil microbial
biomass and activity. The biomass of maize plants was measured at the time of harvesting (80
days after planting). Some parameters such as available phosphorus, substrate-induced
respiration, microbial biomass carbon, and some enzymes activity (acid phosphatase, alkaline
phosphatase, catalase and urease) were measured in soil.

Results and Discussion: The findings of this study indicated that the application of compost and
TSP fertilizer had significant effects on plant biomass. Specifically, compost application led to an
increase in microbial biomass carbon and enzymes activity (acid phosphatase, alkaline
phosphatase, catalase and urease) in the soil, ultimately promoting plant growth. Moreover, the
combined application of compost and TSP fertilizer increased the availability of phosphorus,
substrate-induced respiration, and microbial biomass carbon in the soil. Based on the findings,
the combined application of TSP and compost resulted in further increases in substrate-induced
respiration (63-168%), microbial biomass carbon (72-167%), available phosphorus (29-103%),
and enzyme activity (acid phosphatase (4-21), alkaline phosphatase (14-34%), catalase (13-32%),
and urease(54-159%)) compared to the application of each amendment alone. This suggests that
the addition of both TSP and compost promotes the availability of easily accessible nutrients for
microbial growth and soil enzymes (acid phosphatase, alkaline phosphatase, catalase and urease)
activity. The highest amount of available phosphorus, microbial biomass carbon, substrate-
induced respiration, catalase activity and urease activity in cultivated soil (23%, 270%, 93%,
68%, 1.8%, respectively) and incubated soil (18%, 243%, 90%, 53%, 1.2%, respectively) were
observed in C2P3 treatment. The results also indicated that the enriched compost+TSP treatment
led to the highest substrate-induced respiration and microbial biomass carbon, followed by
simple compost+TSP, enriched compost, simple compost, TSP fertilizer, respectively. The
increase in enzyme activity (P<0.01, r=0.90), and available phosphorus (P<0.01, r=0.60) in the
soil positively influenced plant growth. Specifically, the simultaneous application of compost and
TSP had a greater effect on maize plant biomass. The highest root biomass (2.80 g), stem
biomass (10.4 g), and leaf biomass (2.27 g) were observed in the enriched compost and 100 mg
kg™ TSP treatment, which differed significantly from the other treatments.

Conclusion: The results of this study demonstrated that the addition of compost and TSP to loess
soils can promote microbial biomass carbon, substrate-induced respiration, enzyme activity (acid
phosphatase, alkaline phosphatase, catalase, and urease), available phosphorus, and maize plant
growth. Moreover, the use of compost can protect soil microbial and enzymatic activities in loess
soils. Thus, the simultaneous application of enriched compost with TSP can reduce the use of
chemical fertilizers and their negative environmental impacts.

Keywords: Compost, loess, microbial biomass carbon, substrate-induced respiration
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1- Triple superphosphate (TSP)
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Table (1) Some physico-chemical properties of the studied soil

Properties s 55 Unite a1, Value ,lai

pH - 8.1

EC S ehua dSm™ 1.19

Texture cs\, - Silty Clay Loam e (o, ¢ S
Organic carbon JT ., 5 % 0.74

Calcium carbonate equivalent Jst. el Sl S % 75

Cation exchange capacity ;s dsbs < b Cmolc Kg* 48

Saturated moisture glsl b, % 495
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Table (2) Physical and chemical characteristics of composts C1 (unenriched compost) and C2
(compost enriched with urea and Streptomyces)

Properties B

N pH EC(dS/m) MC (%) Ash (%) TP (gkg™) TC (%) TN (%)
C1 7.9 15 79 6.32 324 1.75
c2 8.1 2.1 72 7.94 33.2 2.16

LS ad) TP 5 (US 055,2) TN o(JS 0 ,5) TC o (S 580 bl ) EC (a8 355) Ash (e 035 MC
MC (dry weight), Ash (ash weight), EC (electrical conductivity), TC (total carbon), TN (total nitrogen) and
TP (total phosphorus).
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1- Microbial biomass carbon (MBC)

2- Substrate-induced respiration (SIR)
3- Catalase (CAT)

4- Alkaline phosphomonoesterase (ALP)
5- Acid phosphomonoesterase (ACP)

6- Urease (URE)

7 - Alef and Nannipieri
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Table(3) ANOVA results (mean square values) of the main effects of compost (C) and TSP fertilizer

(P); and their interactions (CxP) on some soil biological properties and maize's root, stem and leaf
biomass in cultivated soil and incubated soil.

Variables C P CxP Error CV

A gy df 2 3 6 24

Plant biomass ~ Root 4z, 4.52"7(1.00) 0.1777(0.97)  0.0177(0.65)  0.001 1.55
Stem L. 26.177(1.00)  2.3277(0.98)  0.0677(0.67)  0.007 1.00
Leaf o5, 3.1677(0.99) 0.1377(0.94) 0.017°(0.48) 0.001 2.05

GIELE S

ol

Incubated soil ~ MBC  wsscun; o5 395267 (1.0) 32667 (1.00)  34.67 (0.83) 1.72 0.76
35
SIR ol 20 a5 32607 (1.00)  53177(1.00)  11.377(0.96)  0.124 0.57
Pava o s b6 jid 11.177(0.98) 80.077(1.00)  0.7177(0.91)  0.018 1.01
URE ;Te,,l 13.077(1.00) 1.4877(0.98)  0.167(0.98)  0.001 1.90
ALP s jblis 9.5677(0.97)  4.2277(0.96)  0.3377(0.78)  0.023 1.50
ACP i 3blins 1.9877(0.75) 0.11"(0.23) 0.01™(0.02)  0.044 5.14
CAT jVuis’ 20677(0.97) 41.07°(0.90)  3.0777(0.60)  0.512 1.35

odd LiS Sl

Cultivated soil ~ MBC  esgcus; s 415837 (1.0) 34167 (1.00) 355 (0.86) 1.44 0.66
35
SIR syl 26 Luis 37767 (1.00)  52777(0.99)  11.477(0.96)  0.131 0.54
Pava o i L6 it 19.077(1.00) 13977(1.00)  1.6277(0.98)  0.007 0.53
URE ;Te,, 15.577(0.99) 1.6577(0.98)  0.1677(0.98)  0.001 1.62
ALP LG jbls 46.877(0.99) 1.4877(0.88)  0.2177(0.68)  0.032 1.48
ACP il 3blins 18.777(1.00)  0.0977(0.91)  0.01™(0.12)  0.001 0.61
CAT ;Vuis° 34677(0.98) 40.077(0.91)  3.1177(0.61)  0.500 1.22

T O B I R Y P Py
™ ™, ™ non-significant and significant at 5, 1, 0.1%, respectively. C.V. coefficient of variation

s wx % NS
3 [
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Table (4) The effect of compost (C) and TSP fertilizer (P) on available phosphorus in incubated and
cultivated soil. Values are mean (n=3) with standard error (SE) of the mean.

Compost TSP

treatments PO p2 P3
sl 1L S

Incubated

Co 9.16+0.76X 11.5+0.32" 12.9+0.28" 15.8+0.32°
C1 10.2¢0.53' 11.8+0.43" 13.8+0.31° 16.9+0.29"
C2 11.4+0.57" 12.2+0.41% 14.6+0.29" 18.7+0.32°
odi S

Cultivated _

Co 10£0.16/  14+0.20°  15+0.11"  19+0.16°
Cl 1240.14"  14+0.17%  16+0.15°  21+0.09°
C2 13+0.05"  15+0.16"  17+0.14®  23+0.11°

AJLLAg_}Jf(CZ u.&..i@.’;@»u};afjcl ‘”L'"C'“'”}?“'{)‘:‘”}?“f’(f«’f’gﬁf;é?‘\” )PB ¢f . 5P2 AN ‘Pl [ 5PO)TSP
Wl LSD 05057 (ol 2 Ao 530 o 53 bajles o (5015 (e Sosli5 pke ouins 0L
TSP (PO, 0; P1, 10; P2, 40; P3 and 100 mg kg™) and compost (Simple compost, C1 and enriched

compost, C2). Similar letters indicate no significant differences among treatments at 5% level
according to the LSD test.

ol o 4 (COPO) salss oSl L aslin s s 6,18 L §
ssba TSP 5557 5 cn S 03550 (0 Jotsr) il
Ceb i opl 5o GiladT 5558 e ST 4 Olejann
(4o 3 VPV-W) edioiS oS ;s MBC i 20530
S L aulie 53 (doys VOB-VY) ol 8L S
S G S s 0l s O Jgder) w5 8 et les
e (Ko 0 o S (oS 5 29,50 03 5 Tt
6 (7 Jgder) ils 3y =0 /8N P<e/0Y)) Sls soe
4 oS S 0 S B 5 Sl B S0 Oy
sl 29, Sm 03 s 3 il s
b S 0l 05 (10) 0 5 &Ky ol
GBI S T sl 5 bl ool 2l
O T o 3 5 0 ST (99 S 03 5103 05
o 3205 Sl 3 Loz )8 5 bagg ST Comenr 457 il
0 R e 3 S Sbled Sl 2 s B Hsb «
ST 555 5,8 & wzals ol (W) 10l 5 ol

IS ) E 5 bt 355 doy3 ¥ L ol e

1- Wang et al.
2- Zainuddin et al.
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Table (5) The effect of compost (C) and TSP fertilizer (P) on microbial biomass carbon (MBC) and

substrate-induced respiration (SIR). Values are mean (n=3) with standard error (SE) of the mean.

Compost

TSP

treatment PO

P1

P2 P3

Incubated sz 180 &

MBC (mg CO,-C Kg™ S0il) s SKor o3 5cmss o5

Co 05.1+2.86Y  107+2.21'  125+2.15"  137+2.02¢
C1l 15042.75°  164+2.18"  180+2.13'  187+1.97
C2 20242.83"  21242.099 228+2.51°  243+2.85°
SIR (Mg C kg™ s0il h™) o oy 51 36 i

Co 33.8+1.12" 39.4+0.13" 43.5+1.30° 54.1+1.12°
C1l 55.3+0.98° 56.6+0.97" 65.3+1.15  69.2+1.13'
c2 72.3+1.02"  73.241.119 79.6+1.13°  90.5+1.09"

Cultivated suscis

MBC (mg CO,-C Kg™ S0il) s Sr o5 5cmss o5

Co 10142.19"  117+1.95° 136+2.34%  148+2.13°
c1 17342.57™  179+2.42'  198+2.18  206+2.45"
c2 22242137 231+2.34%  253+257°  270+2.02%
SIR (mg C kg™ s0il h™) « s 51 36 ks

Co 40.7+1.15'  45.4+1.03" 50.4+1.06° 58.8+1.12™
Cc1 62.0+1.13" 63.1+1.05K 72.7+1.12%" 77.5+1.10'
c2 79.441.11° 80.4+1.15% 84.4+1.04° 93.3+1.09°

AJ.L.’;AJjj».(CZaeﬁg@x‘;{jclca:b@ﬁ)@ﬁj(rf%xr;&\“}PS?F’ P2 v+ P1¢ PO) TSP
Zal LSD 0305 (ol 40538 b 55 I jlas o (651 (sime Sl ke o> DL

TSP (PO, 0; P1, 10; P2, 40; P3 and 100 mg kg™) and compost (Simple compost, C1 and enriched compost,
C2). Similar letters indicate no significant differences among treatments at 5% level according to the LSD
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Figure (1) The effect of compost (C) and TSP fertilizer (P) on urease (A) and catalase (B) activity.
TSP (PO, 0; P1, 10; P2, 40; P3 and 100 mg kg") and compost (Simple compost, C1 and enriched

compost, C2). The vertical lines are standard error. Different letters represent significant differences
by LSD test (p < 0.05).
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Figure (2) The effect of compost (C) and TSP fertilizer (P) acid phosphatase (A) and alkaline

phosphatase (B) activity. TSP (PO, 0; P1, 10; P2, 40; P3 and 100 mg kg™) and compost (Simple
compost, C1 and enriched compost, C2). The vertical lines are standard error. Different letters

represent significant differences by LSD test (p < 0.05).
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Table (6) Pearson correlation coefficients (r) between cultivated (c) and incubated (i) soil properties and maize growth and biomass across treatments averaged

over incubation time (n=72).

Properties

ujp;, Root Stem Leaf Pl P..c MBCi MBCc SIRi UREi UREc CATi CATc ALPi ALPc ACPi ACPc
Root 1.00

Stem 0.99” 1.00

Leaf 0.96" 0927 1.00

p..i o 1.00*

P 0.60" 0.68™ 0.60”™ 0.99° 1.00

avaC

MBCi - - - 059" 0.57 1.00

MBCc 0.99” 0.99” 094 0577 055 1.007 1.00

SIRi - - - 0.687 0.677 0.98" 0.98" 1.00

SIRC 0.977 0.98™ 0947 066 065 0997 0997 1.00" 1.00

UREi - - - 0.60” 0.59” 0977 0.95° 0.96" 097 1.00

UREc 0.95" 0967 0937 059 058" 097" 0917 096~ 0917 1.007 1.00

CAT] - - - 0.70° 0697 095" 096~ 098" 0.977 0947 093" 1.00

CATG 096~ 0.977 0947 063™ 0.607 0947 0.98" 0.977 098" 093" 087" 099" 1.00

ALPi - - - 03" -0.2" 0507 0507 037 039" 0397 040" 032" 042° 1.00

ALPc 0.92” 0.89™ 0.82™ 0.18™ 0.20™ 0.88" 0.88" 0.80" 0.82” 0.84" 0.84" 076~ 0.83" 0.80" 1.00

ACPi - - - 039" 0.377 087" 085" 085 0.85° 0.83" 085  0.88° 038 037 0747 1.00
ACPc 096~ 0.937 0907 0.26™ 026" 0937 0947 0.88" 089" 090" 090" 084" 0727 069" 0.977 081" 1.00

WURE w6 s 51 (56 i5 SIR ¢ 05 Koo 03 53 9,5 (MBC tidr b ,ind Paya 465 03 5y LA j a8l 03 5 5 StEM a5 03 5 5« ROOL Y 50 Tl 53 i a la e 5 ladae s T

Bl ded Clad ACP ¢ L 5l Sdled ALP VG Cllad CAT 50,50 Cllad

s %

ns
3

" * ™ non-significant and significant at 5, 1%, respectively. Root, root biomass; Stem, stem biomass; Leaf, leaf biomass; Paya, available phosphorus; MBC, microbial
biomass carbon; SIR, substrate-induced respiration; URE, urease activity; CAT, catalase activity; ALP, alkaline phosphatase activity; ACP, acid phosphatase activity.
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Table (7) The effect of compost (C) and TSP fertilizer (P) on root biomass, stem biomass and leaf
biomass. Values are mean (n=3) with standard error (SE) of the mean.

o giaS TSP (mg kg™)

Compost PO P1 P2 P3
Root biomass (g)

@) aisy o5 5w

Co 1.24+0.01' 1.41+0.01% 1.46+0.00 1.55+0.08'
c1 1.85+0.01"  2.02+0.01° 2.12+0.01"  2.24+0.01°
C2 2.53+0.01 2.55+0.01° 2.70+0.01° 2.80+0.01%
Stem biomass (g)

(g) a3l a:jcf.mi‘j

Co 6.11+0.16'  6.80+0.01%  7.05+0.07  7.30+0.10'
Cl 7.92+0.08" 8.62+0.049 8.82+0.07"  9.10+0.01°
C2 9.20+0.07"  9.42+0.06° 9.93+0.03° 10.4+0.13%
Leaf biomass (g)

(o)) d?,g 03§ )

Co 0.94+0.01'  1.09+0.04% 1.20+0.0  1.24+0.01'
Cc1 1.27+0.01"  1.33+0.01° 1.39+0.02"  1.56+0.10°
C2 1.99+0.01%  2.06+0.01° 2.13+0.01° 2.27+0.01%

A{Liwg.}}f.(cznn&i&w};«fjclnébw}éj)w#f)(rf%jrf&\“)PB@?' P2 ¢y P1¢ PO) TSP
oI LSD Qy}TwL»\J{.LpJ:b cb,;u,ugwwl;&uajwr.\“mmw

TSP (PO, 0; P1, 10; P2, 40; P3 and 100 mg kg™) and compost (Simple compost, C1 and enriched compost,
C2). Similar letters indicate no significant differences among treatments at 5% level according to the LSD

test.
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