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Article Info ABSTRACT
Article type: Background and objectives: The intercropping of corn and
Research Full Paper fenugreek is an important summer crop due to increase in the

efficiency of using resources. Therefore, the aim of the present study
was to investigate the effect of combined application of animal,
biochar and chemical fertilizers on the growth, photosynthesis and
performance of intercropping of corn and fenugreek.

Article history: Materials and methods: The experiment was conducted during the
Received: 2023-10-16 agricultural years of 2019 and 2020 at the Agricultural Research
Accepted: 2024-4-17 Center in Mehran city, located in Ilam province. It followed a
factorial experiment and employed a randomized complete block
design. The experiment consisted of different cultivation patterns at
four levels: pure corn cultivation, pure fenugreek cultivation, and
mixed crops with ratios of 2:1 and 6:3 (corn row: fenugreek row).
Fertilizer application was also considered with six levels: no fertilizer

Eg::g;;ig used (control), animal manure, biochar, recommended NPK, 50%
Corn NPK + 50% animal manure, and 50% NPK + 50% biochar. The
Fenugreek evaluated traits were the number of rows per ear, number of grains
%ﬁ;ive yield per row, thousand grain weight, grain yield, and biological yield of

corn, as well as the number of pods per plant, thousand grain weight,
grain yield, and biological yield of fenugreek. To evaluate the
profitability of intercropping compared to pure cultivation, indicators
such as relative yield, area time equation ratio, and land use
efficiency were used. Variance analysis of data and mean comparison
was conducted using SAS 9.4 statistical software. Graphs were
generated using Excel 2013 software.

Results: The main and interaction effects of fertilizer application and
intercropping on grain and biological yield, transpiration rate, carbon
dioxide concentration under the stomata, and net photosynthesis rate
of corn and fenugreek were significant at the 1% probability level.
Although intercropping led to a reduction in crop yield and
physiological characteristics, the application of biochar fertilizers and
cattle manure had a positive impact on these traits, except for the
carbon dioxide concentration under stomata, which remained
unchanged. The highest grain yields of corn and fenugreek were
achieved through sole cropping and with the use of chemical fertilizer
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and biochar, respectively (914 and 81.7 grams per square meter,
respectively). Among the intercropping treatments, the highest grain
yields of corn and fenugreek (506 and 58.1 grams per square meter,
respectively) were observed in the intercropping of one row of corn
to two rows of fenugreek with the use of chemical fertilizers, and in
the intercropping of three rows of corn to six rows of fenugreek with
the use of biochar, respectively. The indices of relative yield, and the
efficiency of land use confirmed the benefits of corn and fenugreek
intercropping.

Conclusion: The results of the experiment showed that the
intercropping of one row of corn: two rows of fenugreek and the use
of 50% of chemical fertilizers along with 50% of cattle manure led to
the improvement of the yield, and it had the highest indicses of the
relative yield, and land use efficiency. Therefore, this cultivation
pattern is recommended to farmers while improving the efficiency of
resources and reducing the consumption of chemical fertilizers.

Cite this article: Miri, H., Hamzei, J. 2024. The effect of the combined use of chemical and organic
fertilizers on photosynthesis, growth and yield, in corn and fenugreek intercropping. Crop
Production Journal, 17 (2), 31-52.
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Table 1. Soil physico-chemical characteristics of experimental area in 2019 and 2020
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Figure 1. Climatic characteristics (minimum and maximum monthly average temperature and total
rainfall monthly) of Mehran region in the two years of the experiment (2018 and 2019)
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Table 2. Analysis of variance for the effect of intercropping and fertilizer on yield and yield components of corn in

two years of the experiment (2019 and 2020)
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Table 3. Means comparison for the effect of intercropping x fertilizer interaction on yield and yield components of
corn (average of two years)
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bglse S 35S 3, ) ):(a;)
I i Fertili Number  \mber g (g .
(Intercropping) (Fertihizer) of seed of soeds 1000-seed Grain (C:j_,»‘_;-«'
rows per weight (g) yield Biological
per row .
ear 2 yield
(gm™) 2
(g m)
(Cattle manure) _sls 5,8 17.6a 39.32a 280.5a 914.6a 2982.5a
(Biochar) b; 5 17.5ab 34.83b 267.1abc 893.0a 2585.6b
. NPK) _jloss 38 14.5de 33.83bcd  274.4ab 903.1a 2488.7b
0, 0,
Corn sole crop 30% NPK +50% 16.1abc  34.54bcd  258.9a-d  889.3a 2240.1¢
cattle manure
0, 0,
30% NPK +50% 17.2ab  33.83bed  2659a-d  769.0b  2418.2bc
biochar
(Control) asLx 14.5de 32.33cde 218.6f 604.2¢ 1781.0d
(Cattle manure) .>>55  17.6ab 26.16hi 2443cde  426.5de 1321.1ef
(Biochar) ,l> ;.. 17.5ab 25.16i 2443cde  384.7¢f  1216.5fg
3id casy S
T (NPK) sl 8 15.6bed  3232de  259.6a-d  506.7de  1534.3e
Aol sy
50% NPK + 50%
OIrl: r(s)v;le;(l)l?r;;vkvo cattle manure 14.5de 31.52¢ef 258.6a-d 464.7de 1465.4¢
W 0 o
30% NPK +50% 145de  28.333gh  242.9de 4003¢  1146.5fgh
biochar
(Control) uslx 13.3¢ 24.33i 186.8g 269.5g 843 3ij
(Cattle manure) 555 15.1cd 33.83bed  226.7ef  301.2fg  1032.3ghi
(Biochar) b, 15.6bcd  33.86b-e  249.5cde  300.0g 892.3ij
) 1S )y Aw ) .
o NPK) bt o8 16.6ab 31.83de  256.8bcd  304.5fg 668.7j
ol sy
. 50% NPK + 50% ,
thrrzewrsof\iveigg::é]?x cattle manure 14.5de 31.16ef 265.5a-d 281.7g 901.0hij
0, 0,
>0% NPK + 50% 145de  31.56ef  2553bed  265.1g  887.7ij
biochar
(Control) asLx 14.5de 29.33fg  2453cde  270.0g 847.7ij

I e b (gl e BVl Ao s 0 J\ablcla..,ﬁLSD 03030 ool s Sz g glols oS e Sbe 05t a2

Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
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Table 4. Analysis of variance for the effect of intercropping and fertilizer on photosynthetic traits of corn in two years

of the experiment (2019 and 2020)

et e REERESY G355 0 oS A4S 6o G5 s LAl s e
S.0.V df Sub-stomatal CO, Transpiration rate Net photosynthesis rate
Ju . .
1 690.74™ 0.44" 40.48™
Year
Jl s IS5
22 4 32.50 1.65 13.53
Replication x Year
L . - :.S
A 2 22597.96™ 543.04™ 8459.76™
Intercropping
35S o . .
5 394.84 10.60 152.97
Fertilizer
bl i8S s Jla
At i 2 2 72.39" 0.53m 51.93"
Year x Intercropping
L
>0 5 1.26™ 0.001™ 0.93™
Year x Fertilizer
b ods i€
25 02 bl i 10 31349 5.80° 39.39"
Intercropping x Fertilizer
355 55 bglsee i8S s Jl
Year * Intercropping x 10 1.00" 0.0005™ 0.23™
Fertilizer
2lesl slas
it 68 32.18 1.00 9.82
Error
1) Sl i o 2
(R Sl o 2 - 12.69 15.45 11.64
CV (%)

ok

Al e sl e pde 5 Lo 5 0 5 ) Jlexs dn.ﬂ)a Db o g™ SR

, and ™ are significant at 1 and 5% probability level and non-significant, respectively.
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Table 5. Means comparison for the effect of intercropping x fertilizer interaction on photosynthesis parameters of

corn (average of two years)

. S L
' $3a0 20 S St Ho0U e L) »C02 Jse5 50
. WS J.)S. (Jye »CO2 e S0 ’ (o s ” A (456 )3 o 2
(Intercropping) (Fertilizer) Sub-stomatal CO: wn s Net photosynthesis
(pmol CO2 mol) Transpiration 2ra‘u? rate
(mmol H20 m™s™) (pmol CO2 m?s™)
(Cattle manure) _als 55 24.48hi 11.88a 48.03a
(Biochar) b 5. 29.49gh 11.62a 46.95a
b el cls (NPK) sbess 558 18.13i 11.74a 45.67ab
Corn sple 50% NPK + 50% cattle 24.73hi 11.55a 46.72a
cropping manure
0, 0,
30% NPK + 50% 23.20hi 10.04b 42.24b
biochar
(Control) aals 29.03gh 7.86¢ 35.43c
(Cattle manure) _ls 555 37.44ef 5.54de 22.39ef
s s, ®iochar) )l 5. 33.751g 4.99¢f 20.19%¢
s s, (NPK) sbess 558 44.44d 6.57d 26.58d
onerow corn:  30% NPK +50% cattle 40.74de 6.02de 24.37de
two rows . manure .
fenugreek 50% NPK + 50% 35.18efg 5.23¢f 21.04ef
biochar
(Control) sz 26.5h 3.92fg 15.85hi
(Cattle manure) _ls 35 53.14c 3.11gh 16.14hi
s (Biochar) L .. 78.5a 3.84g 17.33gh
O I ) A
s s, (NPK) sboss 558 79.39a 3.25gh 13.79hi
three rows com:  30% NPK + 50% cattle 78.11a 3.66g 14.79hi
SiX rows [, anure
fenugreek 30% NPK.+ 50% 67.6b 3.44g 13.93hi
biochar
(Control) aals 80.3a 2.16h 13.13i

I e b (gl e D) A3 0 Jlei e 52 LSD O3l bl o liten S xie Gg i glils a5 LlacnSils 02 o 5o
Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using

LSD test.
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Table 6. Analysis of variance for the effect of intercropping and fertilizer on yield and yield components
of fenugreek in two years of the experiment (2019 and 2020)

3 e sl 53 &l slaws éj.ilai‘
v ol ol LlsVeee O M\J;\l&& -
Brrcadiiard - 5 BN 4 e
socv @3l N Sk 1000-seed Grain vield 555
-0 Number of Number of weight rain yie Biological
df g .
pod per plant seed per pod yield
L
{(J 1 305.52™ 2.13™ 1.65™ 2125.93™ 3478.67™
ear
o 55 41 S
R }J ’,bij 4 56.05 0.70 1.85 116.33 3478.78
eplication x Year
bl i8S - - " - -
; ] 2 86.92 2.58 9.93 6364.15 86168.51
ntercropping
. J_T_s 5 80.89™ 2.36™ 13.85™ 950.10™ 5879.89™
ertilizer
L . - Ls N Lﬂ
v ~ ; > J. 2 0.17" 0.052" 0.12" 34,93 121.90"
ear X Intercropping
5> Jle
v d ’; J.]_ 5 0.59" 0.02" 0.14" 521.65™ 83.15™
ear x Fertilizer
-19 0 -
355 02 Bl S 10 23.18" 0.69° 330 673.20" 2481.75™
Intercropping x Fertilizer
358 o bl s s Jl
Year x Intercropping 10 0.58™ 0.01" 0.088" 3.69" 35.09"
Fertilizer
bl glast
"”J‘E) ¢ 68 4.26 0.32 2.00 117.25 994.95
rror
1) &l s 5
o C\f;’(';/;‘f” - 8.43 13.45 11.31 18.07 20.90
0

.J*ilfj)l}g;@&ﬂ?.’&jwjéo‘j\

ozt pelans 53 jls sre o5 5™ S5

™, " and ns are significant at 1 and 5% probability level and non-significant, respectively.
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Table 7. Means comparison for the effect of intercropping X fertilizer interaction on yield and yield components of
fenugreek (average of two years).

o3 &l slaes 4l s Shas S5e g s Sas

DL s S N &g 55 e slaas ~ _
- : )S Number of pods —H <cfﬁ‘ﬂ @S) (cfj;ﬁ a (’;)
(Intercropping) (Fertilizer) per plant Number of Grain yield Biological yield
seeds per pod (g m?) (gm?)
(Cattle manure) _sl> > 5 26.51a-d 4.57abc 74 4ab 205.0ab
(Biochar) > 5 25.07b-¢ 436a-d 81.7a 226.6a
dad el oS NPK) plos 358 26.44a-d 4.57abc 81.0a 213.5ab
Fenugreek sole 50% NPK + 50% cattle
cropping manure 26.85abc 4.57abc 70.9abc 199.7ab
50% NPK + 50% biochar 28.66a 4.95a 78.5a 214.4ab
(Control) aals 23.29f 4.02cde 57.7de 161.1cd
(Cattle manure) !> 555 24 .36def 4.23bcd 46.1ef 111.8efg
(Biochar) -
s s, - 52 22.21fg 3.84de 39.5F 89.2fg
PK) lend : _
Lot s, (NPK) ol 555 25.44b-¢ 4.39a-d 48 4ef 104.2¢fg
50% NPK + 50% cattle
one rovf\{ corn: t\l)zo manure 26.15¢cde 4.53abc 58.5cde 128.3de
rows fenugree 50% NPK + 50% biochar 27.23ab 4.71ab 57.6de 120.6efg
(Control) usls 17.55h 3.03f 35.9f 85.6g
(Cattle manure) _ols 3,5 25.44b-¢ 4.39a-d 57.9de 123.5¢ef
Wy s A (Biochar) ,lx 5. 25.44b-¢ 4.38a-d 581.de 182.2bc
e sy i (NPK) sl 358 24.72cde 4.27bed 55.6de 180.0bc
. 0, 0,
three rows corn: 50% NPK + 50% cattle 24.72cde 427bed 53.7de 137.6de
SiX rows manure
fenugreek 50% NPK + 50% biochar 20.42g 3.52ef 40.3f 126.7de
(Control) sl 20.06g 3.47ef 41.4f 105.0efg

15 4 (a

1000-seed weight (g)
1000-seed weight (g)

Cattle manure Bicchar 5% CM+30% 350% biochar+ Control 0 T
{CM) NPE 502 NPK Fenugreek monoculture 1C:2F

Intercropping

Fertihzer

Aoz dls Veve 055 1) 555 5 @) @3 L byl w8 ol Sl Sl aslie - IS
Figure 2. Means comparison of the main effects of intercropping (a) and fertilizer (b) on fenugreek 1000-seed weight
(1 C: 2F and 3 C: 6 F; intercropping of one row corn: two rows fenugreek and 3 rows corn: 6 rows fenugreek,

respectively)
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Table 8. Analysis of variance for the effect of intercropping and fertilizer on photosynthetic traits of fenugreek in two

years of the experiment (2019 and 2020)

s b FERESN W35 R3S LSl 2 LRI S e s e
S.0.V df Sub-stomatal CO, Transpiration rate Net photosynthesis rate
Ju
1 9.91™ 36.99" 187.29™
Year
L Y
2 S 4 22.53 0.57 39.50
Replication x Year
b e S .
A 2 6510.44™ 104.76™ 1239.40
Intercropping
> 5 571.92" 11.13" 415.17"
Fertilizer
bolsea 28 s
S 228 2 2 20.87" 0.50 220
Year x Intercropping
Ju
> 2 5 1.83 0.05™ 0.77
Year x Fertilizer
b ods i€
25 02 Bl i 10 351.45° 15.59° 151.847
Intercropping x Fertilizer
355 55 bglsee i8S s Jl
Year x Intercropping X 10 112 0.07" 0.09"
Fertilizer
2lesl sllas
e S 68 34.34 2.18 22.04
Error
1) Ol i o S
(R S e - 11.48 17.62 1535

CV (%)

£
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, " and ™ are significant at 1 and 5% probability level and non-significant, respectively.
g p y 2
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Table 9. Means comparison for the effect of intercropping x fertilizer interaction on photosynthesis parameters of

fenugreek (average of two years)

BN T O L
b e i 38 CO, J}»}ﬁ.:ﬂ) 4$39, HyO0d 5s g{L:ﬂ) CO2 Jse5,50)
(Intercropping) (Fertilizer) (Jse 5 (a3l s ErS (a6 5 B~ R
Sub-stomatal CO, Transpiration rate Net photosynthesis rate
(umol mol™) (mmol H,O m™s™) (umol CO, m?s™)
T
34.8i 10.3ab 37.7abc
(Cattle manure)
(Biochar) ;> 4 31.6j 11.3a 41.4a
@b Al s (NPK) _slosss 558 31.8 11.2a 41.1ab
C 1 1 0, 0,
orn sole cropping  50% NPK + 50% cattle 40.5ghi 9.8ab 35.9bcd
manure
0, 0,
50% NPK +50% 47.1efg 10.9a 36.3a-d
biochar
(Control) aals 47.9def 7.9¢-f 25.7gh
2 sS
65.4b 6.4fgh 26.8gh
(Cattle manure)
i s, K (Biochar) ,lx . 50.6de 4.9h 28.7efg
Lok i, (NPK) lass 558 71.2ab 6.7efg 24.5¢ghi
one row com: two  50% NPK +50% cattle 65.8ab 8.1cde 29.6efg
rows fenugreek manure
0, 0,
50% NPK +50% 71.8ab 7.9¢-f 20.1ij
biochar
(Control) aals 72.5a 7.3e-g 17.9j
TS
47 3ef 8.1c-f 29.3efg
(Cattle manure)
(Biochar) b . 36.4hij 10.8a 39.5ab
O I iy de (NPK) jlars 358 42.6fgh 9.1bc 33.2¢de
R 0, 0,
s cas, 50% NPK + 50% cattle 48.9def 8.8bed 32.2def
three rows corn: six ) manure .
rows fenugreek 50% NPK +50% 54.5¢d 5.6gh 27.4fgh
biochar ) ’ '
(Control) aals 57.6¢ 5.7gh 23.1hij

I e b (sl e BV Ao 3 0 ezl e 53 LSD 05a5T il s cdiies S e g sl 85 e nKls Ot a

Means in each column follow by similar letter(s) are not significantly different at 5% of probability level, using LSD test.
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Table 10. The values of relative yield (RY), area time equation ratio (ATER), and land use efficiency (LUE) for corn:
fenugreek intercropping under different fertilizer levels in two years of the experiment (2019 and 2020).

bylses 228 35 RY ATER
(Intercropping) (Fertilizer) Corn Fenugreek  Total Corn Fenugreek  Total LUE
Cattle ) ;5‘13 5
0.35 0.72 1.07 0.38 0.69 1.07 112
(manure
(Biochar) ,bx 5, 0.33 0.95 1.28 0.32 0.85 1.17 123
321000 sy S st 555
Al Cas, (NPK) 0.56 0.61 1.17 0.54 0.53 1.07 111
onte Trow corm: 50% NPK +
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