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How reliable are microbial inoculants in agriculture for improving nutrient use
efficiency and yield? — a meta-analysis of field studies from 1981 to 2015
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Introduction A Yield as affected by climate
Rhizosphere microorganisms have evolved together with the plants and represent Comparisons (Studies)
a valuable gene pool for plant growth and health. Potential beneficial effects: Tropical climate, 676 (70) i
» Nitrogen fixation Dry climate, 710 (71) | -
» Facilitated nutrient access from fertilizers and soil stocks Continental climate, 149 (17) | -
» Improved water availability Oceanic climate, 108 (8) .
» Improved plant health ; | : :
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Soils of poor quality are most promising for an application and most studies Yield Response (%)
originate from tropical and subtropical countries. However results have been R Yield as affected by biofertilizer categories
inconsistent and the question is: Comparisons (Studies)
What are the factors determining the success of inoculation? AMF, 228 (25) ; —
P solubllizers, 323 (39) : ——
Literature collection . l’[\lhf’lxelgs, g;g gg; il
: . pe : : otn tralts, § —
All stt.udl.es were coll.ected for arable crop.s grown in flelq trials only, with all types of Other biofertilizer, 211 (30) .
fertilization (70% mlneral, 16% no, 9% mIXEd, 4% organlc). All biofertilizer, 1672 (171) .
i | | |
613 studies were identified 458 studies were 0 10 20 30
with the keywords excluded because 172 studies were selected for Yield response (%)
«biofertilizer» and «microbial eligibility citeria were data extraction Percentage change of yield in response to biofertilizer application as affected by climate (A) and
inoculant» not met in response to the application of various categories of biofertilizers (B). Mean values and 95%

confidence intervals are shown. The highest effect was found in dry climates and was actually
higher when rainfed.

Statistical analysis
Three effect sizes were calculated:

Yield Response

A Comparisons (Studies)

: Cereals, 666 (86) —
> Yleld reSponse o o Root crops, 135 (8) —=
» Nitrogen use efficiency (from fertilizer N Legumes, 513 (38) S
» Phosphorus use efficiency (from fertilized P) vegetables, 139 (17) -
Other crops, 182 (28) -
Mean difference between inoculated versus All crops, 1672 (171) el

0 10 20 30
’ Yield response (%)

Phosphorus use efficiency

non-inoculated treatments was used to
calculate effects. A random effects model was

chosen to model effect sizes. If effect sizes in ” B comparisons (studies) |
the graphs do not overlap they are considered [ Cereals, 490 (65) ——
. . (- . S Root crops, 122 (7) - = -
(o) :
significantly different as they represent the 95% O Lequmes, 284 (23) .
confidence interval. Outliers were identified in g Vegetables, 67 (11) | .
‘“ TNINT (] Other crops, 122 (24) .
the R package “METAFOR” (Viechtbauer, 2010). 9 * All Grops, 1102 (126)
o 5§ % i 6 & 1o
- ud APUE (kg yield kg™ P)
Key findings O : . .
C Nitrogen use efficiency
I.  The superiority of biofertilizer performance Comparisons (Studies) |
. . . . . Cereals, 507 (76) ——
|n.dry climates over ot.her climatic regions Root orops. 134 (8) .
(vield response: dry climate +20.0 + 1.7%, Legumes, 319 (26) — m
tropical climate +14.9 + 1.2%, oceanic vegetables, 106 (1) A
. . . Other crops, 142 (27) e
climate +10.0 = 3.7%, continental climate All crops, 1219 (143) —n—
+ 0 | i -2 0 2 4 6 8 10
+8_'5 — 2.'4 %) (see graph). . . Various biofertilizers (Rhizobia, ANUE (kg yield kg™ N)
Soil available P Ie\{els dEte.rm.mes yield Pseudornona.sf Cyanc?bacteriz.a an.d AMF) | percentage change of yield (A), change in phosphorus use efficiency (PUE) (B) and nitrogen use
response of functional traits in the order and blof.ertll.lzer b_e'ng applied in th? efficiency (NUE) (C) in response to biofertilizer application. Mean values and 95% confidence
from low to high: arbuscular mycorrhizal B|O|||:| ErOJECt in India byhthel Indcz-SWL;;s intervals are shown. * The high value for all crops is caused by the outlier calculation that
, . , , , collaboration in Biotechnology (ISCB lted in diff t pairs bei luded for the full | d th b- |
fung|< P SOlUb|I|Zat|On< N f|Xat|On and P . resuitead In airrerent pailrs neing exciuaed r1or the tull sampie an € SUb-Samplies
(photo: M. Natarajan).
solubilization< N fixation alone (not shown).
Success of in.oculation with AMF was greater A 'V'e‘j)';eggffesr‘"t’g'f;:g;gao';‘;ig;g‘g’ s B Meta-regression of pH on percent change of yield by AMF
at low organic matter content and at neutral -
150 n=202 n=206
PH (see graph).. < y R?=4.8% x R?=14.22%
Crop type had little effects; tubers had PP ' @ 100 -
lowest yield promotion (10.29%) (see § : 4 §
. * N
graph). L 50 - ¢ o :i 2 N T SRR 10+ S =
ie, " S © ll-——‘
o 513 2 Caned
Organic agriculture was not assessed specifically, > 0- ~° ’
but is expected to perform similarly in respect to
. .« o . . 0 1 2 3 4 5 6 zf 8
the here identified key abiotic factors. OM % oH

Mixed effects model with organic matter (OM) (A) and with pH as moderator (B) as moderator for AMF inoculations.
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