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Effects of Biofertilizer and Chemical Fertilizer on Maize Yield and leaf
Characters in Different Irrigation Conditions
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Table 1. Analysis of variance for LAI, NDVI, SPAD and Grain Yield

Ol s 22SV DF LAI X e L als o Slae S by IS
NDVI Grain Yield SPAD
Y 1 0.015 ns 0.019 ns 2.24ns 15.6 ns
w 1 167.2 ** 0.434** 1010.2 ** 1071**
WxYy 1 0.13 ns 0.001ns 0.6ns 0.02 ns
Rep(W xY) E 8 0.016 0.0004 0.44 4.5
AZ 1 0.25 ns 0.003ns 0.17ns 12.3ns
Y x AZ 1 0.01 ns 0.001ns 0.01ns 0.02ns
WxAZ 1 0.28 ns 0.0001ns 0.027ns 3.4ns
YXW x AZ 1 0.033 ns 0.0004ns 0.001ns 0.45ns
Repx AZ(YXW) E 8 0.06 0.0001 0.117 5.1
NPK 2 19.42%* 0.095 *=* 267.3%* 4572.2%*
NPKxAZ 2 0.008 ns 0.007 ns 0.008 ns 6.3 ns
NPK x W 2 0.588%** 0.088 ** 54.51 ** 143.2%*
NPKx'Y 2 0.04 ns 0.001ns 0.04ns 0.333 ns
NPKxYxW 2 0.086 ns 0.0004ns 0.022 ns Ins
WxAZx NPK 2 0.019 ns 0.0001 ns 0.008 ns 0.06 ns
Yx NPKxAZ 2 0.016 ns 0.0002 ns 0.016 ns 0.313 ns
Yx NPKXAZXW 2 0.024 ns 0.0244ns 0.001 ns 0.058 ns
vC 3 1.96%* 0.01** 30.94%* 254.5%*
YxVC 3 0.02 ns 0.0002 ns 0.02 ns 0.14 ns
WxVC 3 0.36 ** 0.0001 ns 3.32 ** 2.8 *¥*
Y xWxVC 3 0.01 ns 0.0001 ns 0.002ns 0.12ns
AZxVC 3 0.008 ns 0.0001 ns 0.01ns 0.63ns
Y xAZxVC 3 0.002 ns 0.0002 ns 0.004ns 0.25ns
W xAZxVC 3 0.08 ns 0.0001 ns 0.018 ns 0.44 ns
Y xW xAZxVC 3 0.003 ns 0.0003ns 0.002ns 0.32ns
NPKx VC 6 0.32 ** 0.04 ** 3.14 ** 68.5 **
Yx NPKx VC 6 0.006 ns 0.0003 ns 0.01 ns 0.41 ns
Wx NPKx VC 6 0.36 ** 0.05 * 1.32%% 4 9ns
Y xWx NPKx VC 6 0.001 ns 0.0001ns 0.008 ns 0.16 ns
AZx NPKx VC 6 0.005 ns 0.0003ns 0.005 ns 2.4ns
Yx AZx VC 6 0.002 ns 0.002 ns 0.002 ns 0.32 ns
Wx AZx NPKx VC 6 0.025 ns 0.025ns 0.025 ns 0.85 ns
Y xWxAZx 6 0.003 ns 0.0005 ns 0.003 ns 0.1ns
NPKxVC
Error 176 0.053 0.001 0.308 6.11
(Y% 8.1 1.82 8.8 6.5

310 pme LT b3 5INS = s )30 c]n.nﬁj\: JEOE ERW I ck.ﬂ)}d)lﬁTjEj‘J‘J@M'ﬁ:"ﬁ:‘
LSS Rep J Y cwgS s VO olei s S INPK STUg5lAZ o LTW

ns: Non significant, * and **: Significant at 5% and 1% probability levels Respectively.
Rep: replication, Az: Azotobacter, NPK: Chemical Fertilizer, VC: Vermicompost, Y: Yield, W:Irrigation
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Table 2. The mean grain yield, leaf area index (by sun scan) and NDVI
(by Greenseeker) of maize under irrigation and biological and chemical fertilizers

l»,Ls Treatments SlasTraits
o oS (220 @bt o5 e S ol e el s See
(ton/ha) Chemical Irrigatio NDVI By g (ton/ha)
Vermicompost Fertilizer n L AI' Grain Yield
(Recommended)
0 0.560 1.82 2.7
2 So 0.591 1.9 3.0
4 0 0.611 1.94 3.7
6 St 0.620 1.93 4.1
0 (1 %) 0.698 1.92 4.0
2 Deficie 0.70 2 4.6
4 Lo (61512/) 0.70 221 4.8
6 50% ’ 0.726 2.49 5.1
0 0.778 2.48 4.7
2 0.778 2.53 52
4 Aoy Ve 0.781 2.63 53
6 100% 0.782 2.64 5.4
0 0.653 2.53 4.4
2 So 0.691 331 52
4 0 0.780 3.53 5.8
6 gl 0.720 3.55 6.9
0 %) 0.780 35 73
2 (O 0.781 3.6 8.0
4 Loy 0 E‘(’)"(;f}/a)l 0.786 3.74 8.5
6 50% ’ 0.788 3.82 103
0 0.840 418 10.2
2 0.840 420 10.3
.LAJJ Yoo

4 000 0.848 435 10.3
6 0.848 430 10.7

LSD 0.008 0.185 0.448
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Table 3. Means of SPAD chlorophyll reading of
maize under biological and chemical fertilizers

la,Ls Treatments
Cow 3208 (213 sbasd 355 &Sy b5 IS (s s
(ton/ha) Chemical Fertilizer| SPAD reading
Vermicompost  (Recommended)

0 30.1

: ~ o
0%

6 ’ 333

0 35.6

2 36.7

4 Lo y3 0 38.7

6 50% 44

0 44.8

2 447

4 SOSTARE 44.8

6 100% 45.6

LSD 5% 1.41

Gasles 55 &8y Lo IS (¢ smmn S0k —F Uil

et b S 5 bt
Table 3. Means of SPAD chlorophyll reading of
maize under irrigation and chemical fertilizers

,Ls Treatments
- T _ Jo5 IS (5 g
Chemical Fertilizer Irrigation readin
(Recommended 8

4s,s0e 50%  Deficient (65%) 37.7
Aoy )++100% 43.6
e 0% (e ) o pllas 34,5

4oy 50% Normal (100%) 39.8
4y 14+ 100% 46.4
LSD 5% 0.996
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Introduction: Corn (Zea mays L.) is one of the main crops for poultry and
livestock feed as well as human consumption in Iran. Despite the efforts made to
increase corn output in Iran, the current production levels fail to meet the growing
demand for the crop and consequently the country has become a major importer
of corn. This is mainly due to water scarcity in the regions where corn is cultivat-
ed. Corn is considered to be a crop with high nutritional requirements. Therefore,
grain yield formation in this plant is largely depended on the application of fertil-
izers. Although the excessive use of chemical fertilizers is always offered by the
conventional agriculture as the quickest solution to compensate for the lack of nu-
trients in the soils and to produce higher yields, this approach has caused environ-
mental pollution and ecological damages, resulting in increased production cost.
The alternative approach would be the integration of the concepts and principles
of agro-ecology into food production systems. In this context, utilizing soil micro-
organisms is essential for designing sustainable agricultural systems, which can
ensure constant food supply. Biofertilizers as an indispensable component of sus-
tainable agriculture are critically important contributors to the reduction or elimi-
nation of the usage of chemical fertilizers (Arrudaa et al.,, 2013). The combined
use of organic and chemical fertilizers is suggested as the best option for corn
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cultivation where the inclusion of compost, Azotobacter and green fertilizer in the
cropping system can produce higher corn yields. (Kalhapure et al., 2013). Under
water-limited conditions, the use of vermicomposts can ameliorate the deleterious
effects of the stress on crops (Gholipoor ef al., 2014). Moreover, it may increase
soil water retention capability and enhance plant tolerance to drought stress via
producing humic acid. The objective of this work was to determine the effects of
biofertilizers and chemical fertilizers on yield and yield components of corn under
full and deficit irrigation conditions in the western region of Iran. Also the study
pursued the aim of finding the best biological treatments that could be applied to
corn production systems to obtain higher yields while keeping the environment
safe and clean.

Materials and Methods: Field experiments were conducted for two cropping
seasons (2014 — 2015) at Agricultural and Natural Resources Research Centre in
Kermanshah, Iran. The effects of vermicompost and Azotobacter as a biofertiliz-
ers along with chemical fertilizers on corn yield performance under two different
watering conditions (full and deficit irrigation) were investigated in two sites. The
sites, which were 10m apart, were allocated to full irrigation or deficit irrigation
(65% of the crop optimum water requirement). The experimental layout at each
site was a three-factor factorial split plot in a randomized complete block design
with three replications. The main plots were comprised of two levels of Azoto-
bacter treatment (non-inoculation and inoculation), four rates of vermicompost (0,
2, 4 and 6 ton/ha). The subplots consisted of chemical fertilizers including N, P, K
(0, 50% and 100%), which were recommended based on soil test results. Deficit
irrigation treatment at the relevant site was applied in the middle phase of growth
stage (approximately V6). Single cross corn cultivar (KSC704), which is commer-
cially grown in the region and comprises 80% of the total corn cultivated area in
Kermanshah province, was selected for the study. Observations on leaf area index
(LAI), normalized difference vegetation index (NDVI), chlorophyll content and
grain yield were recorded. The statistical variance analysis of the data was per-
formed using ANOVA and means were compared by least significant difference
(LSD). SAS software package was used for the statistical computation and the
graphs were drawn by MS Excel.

Results and Discussion: The results showed that corn grain yield, LAI, leaf
chlorophyll content and NDVI were significantly affected by the irrigation treat-
ments .However ,Azotobacter had no significant effect on the traits .All the inves-
tigated parameters were decreased by deficit irrigation . Vermicompost and chemi-
cal fertilizer increased the grain yield ,LAI ,leaf chlorophyll content and NDVI
under both full and deficit irrigation conditions. The addition of vermicompost
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at rates of 4 ,2 and 6 ton/ha consistently and significantly increased grain yield in
both irrigation conditions .The simultaneous application of 6 ton/ha of vermicom-
post and 50% of the recommended chemical fertilizers under full and deficit irri-
gation conditions produced 10.3 and 5.2 ton/ha of grain yield ,respectively ,which
did not significantly differ from when 100% of the recommended fertilizers was
used alone .The values for the latter were 10.2 and 4.7 ton/ha of grain yield under
full and deficit irrigation treatments ,respectively .This indicates that it is possible
to decrease the application of chemical fertilizers by % 50 with no negative impact
on yield .Similarly ,Laekemariam and Gidago (2012) suggested that the integrated
used of compost at 5 ton/ha along with chemical fertilizers resulted in better corn
yields.

The highest values of NDVI were obtained with 100 and % 50 application of
fertilizers under full irrigation treatment .The increasing rates of vermicompost
raised NAVI in both irrigation regimes but the extent of the increase was less than
that of the fertilizers .It seems that the role of nitrogen in chlorophyll structure
is the reason why fertilizers were more effective in increasing NAVI than vermi-
compost,

Conclusion: Although in our experiment vermicompost and Azotobacter were
not individually able to provide all the nutritional requirements of the corn ,the
results showed that the amendment of 6 ton/ha vermicompost in soil together
with 50% of NPK fertilizers were adequate to meet the corn nutrient needs . This
indicated that corn grain yield did not decline when the consumption of chemical
fertilizers was reduced from 100% to 50% because the presence of vermicompost
at sufficient rates in rhizosphere compensated for the decreased fertilizer applica-
tion .This can have positive implications for the environmental safety and soil
health .Also ,the results showed that under the deficit irrigation ,vermicompost and
Azotobacter were able to increase corn grain yield.

Key words: Sustainable agriculture ,Azotobacter ,Drought stress ,Chemical
fertilizers ,Vermicompost
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