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Background and objectives: The intercropping of corn and
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.

Materials and methods: The experiment was conducted during the
agricultural years of 2019 and 2020 at the Agricultural Research
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
used (control), animal manure, biochar, recommended NPK, 50%
NPK + 50% animal manure, and 50% NPK + 50% biochar. The
evaluated traits were the number of rows per ear, number of grains
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
and biochar, respectively (914 and 81.7 grams per square meter,
respectively). Among the intercropping treatments, the highest grain
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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)

;}ﬁ.«»&
sy sl . . PHEN S.Lo.:« .
il 53 &l slass . L ~ &)_}J}*’
JW s «ls . s e 055 ° (‘Js) _
blse S 35S ’ a3, 6 )J(;)
. o Number 3 (e
(Intercropping) (Fertilizer) of seed Number 1000-seed Grai (err
of seeds . ram . .
rOWS per per row weight (g) yield Blol.oglcal
(g m-Z) yleld
(g m?)
(Cattle manure) s 5,5 17.6a 39.32a 280.5a 914.6a 2982.5a
(Biochar) ;0 4 17.5ab 34.83b 267.1abc 893.0a 2585.6b
s alls s NPK) olass 558 14.5de 33.83bcd  274.4ab 903.1a 2488.7b
0, 0,
Corn sole crop 50% NPK + 50% 16.1abc  34.54bcd  2589a-d  889.3a 2240.1¢
cattle manure
0, 0,
50% NPK + 50% 172ab  33.83bed  2659a-d  769.0b  2418.2bc
biochar
(Control) sl 14.5de 32.33cde 218.6f 604.2¢ 1781.0d
(Cattle manure) x> 5,5  17.6ab 26.16hi 2443cde  426.5de 1321.1ef
(Biochar) ,b; , 17.5ab 25.16i 2443cde  384.7ef  1216.5fg
931 casy, S
NPK) (olas 258 15.6bed 32.32de 259.6a-d  506.7de 1534.3¢
ol s,
0 0,
one row corn: two 50% NPK + 50% 14.5de 31.52ef 258.6a-d 464.7de 1465.4¢e
rows fenugreek coattle manureo
50% NPK +50% 14.5de 28.333gh  242.9de 400.3¢ 1146.5fgh
biochar
(Control) sl 13.3¢ 24.33 186.8¢ 269.5g 843 3ij
(Cattle manure) s> >S5  15.1cd 33.83bcd  226.7¢f  301.2fg  1032.3ghi
(Biochar) - . 15.6bcd 33.86b-¢ 249.5¢cde 300.0g 892.3jj
U 13 3y A ) )
S (NPK) lor 258 16.6ab 31.83de  256.8bcd  304.5fg 668.7]
“UW o )
) 50% NPK + 50% .
thrriiv rsozgl S;gé ;lx 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) sl 14.5de 29.33fg  2453cde  270.0g 847.7ij

A e b gl e Sl Ao 0 JW‘@«)ALSDQ)&?TU»LAJ{LM S e G g 8 o, Kle G5t o 33

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)

Jre g b3l a3 335 25 S ST g YR A sm g s
S.0.V df Sub-stomatal CO, Transpiration rate Net photosynthesis rate
Ju
1 690.74rs 0.44rs 40.48"
Year
Jl 5 1
2 4 32.50 1.65 13.53
Replication x Year
D des S
e 2 22597.96™ 543.04™ 8459.76™
Intercropping
> 5 394.84" 10.60" 15297
Fertilizer
bl iS5 Jl
e i 2 J 2 72.39m 0.53m 51.93"
Year x Intercropping
L
252 5 126 0.0017 0.93
Year x Fertilizer
s b des S
Saatans 10 313.49™ 5.80" 39.39™
Intercropping x Fertilizer
35S 5 by cis s Jle
Year x Intercropping x 10 1.00™ 0.0005™ 0.23™
Fertilizer
alasl gl
oS 68 3218 1.00 9.82
Error
1) Ol kS o
P 2l a2 - 12.69 15.45 11.64

CV (%)

.MLL;Jls@NCJp)MJ;O}\ J\»;}-lcaw).))bw%f"\_jnsje

LT

**, " 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)

A g s

L35y 23 u.JS.L«S! ) ilﬁOj&f;M) )JCOZ J‘}ﬂjjic‘)
L > Ho "
bk i > Uy 2CO2 Jyos o) e T (b 55
(Intercropping) (Fertilizer) Sub-stomatal CO: A Net photosynthesis
(umol COz mol™) Transplratlon_gat_e1 rate
(mmol H2O m™ s™') (umol CO» m2s™)
(Cattle manure) s 5,5 24.48hi 11.88a 48.03a
Biochar) ;> . 29.49gh 11.62a 46.95a
b el is (NPK) ol 358 18.13i 11.74a 45.67ab
Corn sple 50% NPK + 50% cattle 24.73hi 11.55a 46.72a
cropping manure
0 0,
50% NPK + 50% 23.29hi 10.04b 42.24b
biochar
(Control) asls 29.03gh 7.86¢ 35.43¢
(Cattle manure) s s S 37.44ef 5.54de 22.39ef
b s, oS (Biochar) ;> . 33.75fg 4.99ef 20.19fg
Loh i, (NPK) lass 558 44.44d 6.57d 26.58d
one row corn:  30% NPK + 50% cattle 40.74de 6.02de 24.37de
two rows ,, hanure
fenugreek 50% NPK + 50% 35.18efg 5.23¢f 21.04ef
biochar ’ ) ’
(Control) asls 26.5h 3.921g 15.85hi
(Cattle manure) _sls 555 53.14c 3.11gh 16.14hi
Db b sy A (Biochar) ;0 5., 78.5a 3.84¢ 17.33gh
A s, (NPK) las 355 79.39a 3.25gh 13.79hi
three rows corn: 5004, NPK + 50% cattle .
f51x rowsk manure 78.11a 3.66g 14.79hi
enugree 0 0
gr 50% NPK + 50% 67.6b 3.44g 13.93hi
biochar
(Control) asLs 80.3a 2.16h 13.13i

I e b gls e Bl A3 0 ezl e ;> LSD O30 oled s S rie Gy = gl S ola o, Kle G5t a3
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)

s 53 Bl slaws 53 &ls slaws v 5 Sles
2 ool 2 . s als) 5 Gl 5 Shes R
GRS ssl3l b —ue 1000-seed P S5
S.0.v Number of Number of weight Grain yield Biological
df g .
pod per plant seed per pod yield
L
d 1 305.52m 2.13ms 1.65m 2125.93ms 3478.67™
Year
IR
Js 2 1S5 4 56.05 0.70 1.85 116.33 3478.78
Replication x Year
aaad 2 86.92" 258" 9.93* 6364.15" 86168.51"
Intercropping
> 5 80.89" 236" 13.85" 950.10" 5879.89%
Fertilizer
Dol oS s L 2 0.17m 0.052 0.12m 34.93m 121.90m
Year x Intercropping
255 02 J 5 0.597 0.02" 0.147 521.65m 83.15m
Year x Fertilizer
255 03 bl 258 10 23.18" 0.69" 3.30m 673.20" 2481.75"
Intercropping x Fertilizer
35S 5 b Sy e
Year x Intercropping x 10 0.58" 0.01% 0.088" 3.69™ 35.09
Fertilizer
bl gl
el 68 4.26 0.32 2.00 117.25 994.95
Error
) Sl - 8.43 13.45 1131 18.07 20.90
CV (%)

ok

Ex
0

._L;:l.,vaj:&'mf.u—jwﬁoj\ lech.w)z)bém%fw“s)

, " 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).

als > Shas 58 g 3 ,Sas

b lswe 28 555 g Sl sl Sle s als sl B B
Number of vod Number of (rreseS) (e
(Intercropping) (Fertilizer) umber ol pods umber o L ) . .
per plant seeds per pod Grain yield Biological yield
(gm?) (gm?)
(Cattle manure) s 358 26.51a-d 4.57abc 74.4ab 205.0ab
(Biochar) ;- s 25.07b-¢ 4.36a-d 81.7a 226.6a
ot palls czs (NPK) lars 358 26.44a-d 4.57abe 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 23.29¢f 4.02cde 57.7de 161.1cd
(Cattle manure) _sls 355 24.36def 4.23bcd 46.1ef 111.8efg
(Biochar) > s
s s K g 22211g 3.84de 39.5F 89.2fg
PK Leocds 2 - -
Lot s, (NPK) olas 58 25.44b-¢ 4.39a-d 48 4ef 104 .2¢fg
0, 0,
one row corn: two 070 Nplia;usrg”’ cattle 26.15cde 4.53abe 58 5cde 128 3de
rows fenugreck 50% NPK + 50% biochar 27.23ab 471ab 57.6de 120.6¢fg
(Control) sl 17.55h 3.03f 35.9f 85.6g
(Cattle manure) _als 3,8 25.44b-¢ 4.39a-d 57.9de 123.5¢ef
0P ) A (Biochar) jl> 5 25.44b-¢ 4.38a-d 581.de 182.2bc
R o (NPK) o 358 24.72c¢de 4.27bed 55.6de 180.0bc
three rows corn: o 0
six rows >0%NP nI?a;uSr 2”’ cattle 24.72¢de 427bed 53.7de 137.6de
fenugreck 50% NPK + 50% biochar 20.42¢ 3.52¢f 40.3f 126.7de
(Control) usls 20.06g 3.47ef 41.4f 105.0efg
15
15 (a

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

NPK 50% NPK Fenugreek monoculture 1C:2F
Fertilizer Intercropping

ddes wlVeer 035 » (0) 555 5 @) &3 L byl ciS ol 3 Ske aslis =Y 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)
Ol 558 3,508 3 bglsee ciS Lline Jl 800 4S sls LS s i (g o g (gl pasLs
L asbas 3 oS AeS s ChlE o i a8 5l bl iS5 3 5 8 Blie 5 Lol ol
ciS 3l Jyse = CO2 gy Ko VY/0 Sl 5B e e ey ) op S ST s hile
Lyl o oo alded ciusy g3 iend sy SO bl dos L Cu A Jsdr) 55 s sme i s S
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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)

LIRS

S b a5 3 oS deShse O e A g s
S.0.V df Sub-stomatal CO, Transpiration rate Net photosynthesis rate
Ju
1 9.91ns 36.99m 187.29m
Year
L s L ST
2 S5 4 22.53 0.57 39.50
Replication x Year
L . [
ta 2 6510.44™ 104.76™ 1239.40™
Intercropping
> 5 571.92" 1113 415.17"
Fertilizer
bdse 28 s Jle
e i 2 2 20.87™ 0.501 2.29m
Year x Intercropping
L
25 2 5 1.83m 0.05™ 0.77
Year x Fertilizer
s bdse i€
> 03 2ol 10 351.45 15.59" 151.84%
Intercropping x Fertilizer
35S 5s by cis s Jle
Year x Intercropping x 10 L1z 0.07 0.09
Fertilizer
eislosl gla
S 68 3434 2.18 22.04
Error
1) Ol kS o
e - 11.48 17.62 1535

CV (%)

.MLL;Jls@NC.,\.c}MpO}\ JW\CE.A)JJJW%JJQ“SJH

g e

**, " and ™ are significant at 1 and 5% probability level and non-significant, respectively.
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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)

Al g s

R3OS St 6o O s
b lswe 28 555 COz Jse5,S0) 4333, HOd 50 o) CO> Jses %)
(Intercropping) (Fertilizer) (s (36 )2 a2 aalid (b oo
Sub-stomatal CO, Transpiration rate Net photosynthesis rate
(umol mol™) (mmol H,O m? s) (pmol CO, m?s™)
LR
34.8ij 10.3ab 37.7abc
(Cattle manure)
(Biochar) ;b 4. 31.6 11.3a 41.4a
b el oS (NPK) _lesd 555 31.8 11.2a 41.1ab
Corn sole croppin, ) )
pping  50% NPK + 50% cattle 40.5ghi 9 8ab 359bed
manure
0, 0,
50% NPK + 50% 47.1efe 10.9a 36.3a-d
biochar
(Control) aals 47.9def 7.9¢-f 25.7gh
PLEET
65.4b 6.4fgh 26.8gh
(Cattle manure)
PEURSIR (Biochar) - 5. 50.6de 4.9h 28.7efg
dles Cas, (NPK) b 555 71.2ab 6.7¢efg 24.5¢ghi
0, 0,
one row corn: two  50% NPK + 50% cattle 65.8ab 8.1cde 29.6efe
rows fenugreek manure
0, 0,
50% NPK + 50% 71.8ab 7.9¢-f 20.1jj
biochar
(Control) 1als 72.5a 73e-g 17.9j
s
473ef 8.1c-f 29.3efg
(Cattle manure)
o Biochar) ;- 5 36.4hij 10.8a 39.5ab
e 13 3 A
(NPK) slard 255 42.6fgh 9.1bc 33.2¢cde
R 50% NPK + 50% cattl
(] o cattic
three TOWS corn: Six manure 48.9def 8.8bcd 32.2def
rows fenugreek o o
50% NPK + 50% 545¢d 5.6gh 27.4feh
biochar
(Control) uals 57.6¢ 5.7gh 23.1hij

S e b (sl e Sl a3 0 Sz e 53 LSD O30 ool s S pie Gy g S ola o, Kle G5t a3

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).

bjlbe S N RY ATER
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