Study on Radiation Use Efficiency of Sorghum Based intercropping system

ABSTRACT

A field experiment was executed to determine the Radiation use efficiency in Sorghum based
intercropping system during summer 2021. In India, Sorghum is being cultivated under poor
resource conditions. Hence, intercropping sorghum with legumes can help in improving the
resource use efficiency than sole sorghum. The treatments were T1-Sorghum Sele crop(SS), To-
2rows of Sorghum+2rows of Cowpea (2S:2C), Ts-2rows of Sorghum+1row: of Cowpea (2S:1C),
Ts-2rows of Sorghum+2rows of Greengram (2S:2G), Ts-2rows of. Sorghum+lrows of
Greengram (2S:1G), Te-2rows of Sorghum+2rows of Lablab (2S:2L), Tz-2rows of
Sorghum+1rows of Lablab (2S:1L).The experiment was carried out in Randomized Block
Design and was replicated thrice. The results revealed that Serghum + Lablab in 2:1 registered
the highest leaf area index, dry matter production ‘which ultimately resulted in high Radiation
Use Efficiency. Overall, the intercropping system had high RUE than sole Sorghum. Thus it was
concluded that planting sorghum with legume in 2:1 pattern would be recommended as it has

better resource use efficiency than sole sorghum.
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INTRODUCTION

Solar radiation is the most important factor for crop growth and development(Yang et al.,
2018).The portion of the solar spectrum that plants use in photosynthesis for converting light
energy into:biomass is of wavelength between 400 and 700 nm. This wavelength limit is so-
called photo-synthetically active radiation(Rodriguezet al., 2020). It is expressed in
Photosynthetic Photon Flux Density (PPFD) p mol m? s*. Anything that hinders the sunlight
changes the amount of PAR falling on the crop canopy such as cloud cover, shading, and crop

arrangement.

Under optimum water and nutrient condition, the efficiency of photosynthesis is

determined by absorbed PPFD. Radiation Use Efficiency is the important factor determining the
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growth of crops under optimum conditions (Rahman et al., 2019).The change in crop geometry
changes the amount of PPFD falling on the green canopy that fesults in a change in the RUE of

crops.

Sorghum(Sorghum bicolor), known as great millet, is an important millet after rice and
wheat. It is a promising crop under arid and semiarid conditions. In India, it is being cultivated
under resource-poor conditions. Intercropping Sorghum with legume has emerged as a strategy

to maximize resource use efficiency(Maitraet al., 2020) In intercropping, “different row

2018).

In intercropping, the shading of the tall crop overithe short crop changes the light
environment in terms of both quantity and quality (Liu et al.,2017).These changes are highly
influenced by the row arrangement of component crops and..cause both growth and

morphological changes (Gong et al., 2014,Gaoet al., 2010)

To datethe study of RUE in: Sorghum-based intercropping with different row
arrangements inTamil Nadu is still limited. Therefore the present study is to estimate RUE as the

factor for quantifying productivity of:Sorghum-based intercropping.
MATERIALS AND METHODS
Experiment site and design

The field experiment wascarried on Field No.37 Eastern Block of Tamil Nadu Agricultural
University Coimbatore,Tamil Nadu,India during Summer 2021.The intercropping system
consists, of:Sorghum as the main Crop,Cowpea,Greengram, and Lablab as intercrops.The
experiment:was laid out in Randomized Block Design with 7 treatments and 3 replications. The
treatments of the study were T;-Sorghum Sole crop (SS), T,-2rows of Sorghum+2rows of
Cowpea (2S:2C),Ts-2rows of Sorghum+1row of Cowpea (2S:1C), Ts-2rows of Sorghum+2rows
of Greengram (2S:2G),Ts-2rows of Sorghum+1rows of Greengram (2S:1G),Te-2rows of
Sorghum+2rows of Lablab(2S:2L),T+-2rows of Sorghum+1rows of Lablab (2S:1L).The spacing
of sole sorghum was 45 x 15 cm. The plant density maintained in sole Sorghum was 1, 55, 555

plants ha'maintained. The intercropping arrangement and plant density maintained were
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depicted in figl.The intercropping was designed as an addictive series. Nutrients, pests, weed
management were carried out based on standard recommendations. Irrigation was done once in

six days.

Experimental measurements
Crop Growth Parameters
Leaf Area Index (LAI)

The LAI of both sole and intercrops were measured 30, 45,60(Days After Sowing) DAS.The
length and breadth of the leaf were measured and the LAI was worked. out based on the

following formula.

LA] = Leaf Area
~ Ground Area

Dry Matter Production (DMP)

The DMP was measured 30, 45,60DAS:The'plant samples were harvested at regular intervals by
cutting plants just above the soil surface. The plants were shade dried followed by oven-dried at

70°C to constant weight.

Extinction Coefficient (k)

Extinction coefficient (k) is the measure of extinction of any transmitted light in crop canopy
(Lunagaria and Shekh; 2006). The erect leaves have a low k value. The k values were significantly
different for‘crop species and development stages (Chimonyoet al., 2018).

The calculation of extinction coefficient(K) is;
_ ~In(T)
T LAl

Photosynthetically Active Radiation (PAR)

The amount of PAR intercepted by the crop was recorded usingthe EMCON Line quantum
sensor.During bright sunshine hours, the PAR was measured at the top(lg) and bottom of the
canopy (1).The readings were taken at regular intervals.Measurements were normally taken
between 10:00-14:00hrs IST.The calculation of the fraction of PAR transmitted(T) is as follows;



T=—
Io

The calculation of the fraction of radiation intercepted by taller crops(Reziget al., 2013)
Fn = 1 — ek 1AD

k - Extinction coefficient of tall crop

LAI - Leaf area Index of tall crop
The fraction of radiation intercepted by a lower turbid layer comprising short and taller crop

k, = LAI,

F = x (1= (—kg <LAI;~kg <LAI )
Tl = X LAl + k, < 14T, (L 7erP )

v _ k, x LAI;
SHORT = p "< LAI, +k, % LAI,

X1 - exp(—kz xLAli—kg xLAIg ))

LAI;, LAI - Leaf Area Index of Tall (Solecrop) and short crop (Intercrop) in the lower turbid
layer.

ki, ks- Extinction coefficient of Tall.(Solecrop) and short crop (Intercrop)

Radiation Use Efficiency (RUE)
The Radiation Use Efficiency of sole and intercrop (g.MJ™)can be calculated as

RUEw.. = TDMrqy
Tall ™ pAR (Ftall + Fshort)
_ TDMlntercrop
RUE mtercrop = PAR,(Fshort)

RUESystem = RUETall + RUE Intercrop
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RUEa—Radiation Use Efficiency of Tall crop (g.MJ™?)
RUE inercrop—Radiation Use Efficiency of Intercrop (g.MJ'l)
TDM — Total Drymatter (g)

RESULT AND DISCUSSION

Leaf Area Index (LAI)

The results showed that there is a significant difference between LAI of.sole Sorghum
and intercropped Sorghum. Sorghum in 2:1 Sorghum + Lablab (T7) registered:highest:leaf area
index0.7, 1.9, 8.3 in 30DAS, 45DAS, 60DAS respectively whereas sole Sorghum(T;) registered
lowest value0.15, 1.0, 5.5 in 30DAS, 45DAS, 60 DAS respectively. (Fig2.).This was due to a

change in crop geometry in sole and intercrop configuration.
Extinction Coefficient (k)

The Extinction coefficient determines the transmission of radiation through the
canopy and canopy layers. The result showed that.there was a gradual decline in K value with
crop growthand these changes were due to change in-canopy characters like LAI. There was a
linear relationship between K value and:transmission of leaf in all three stages and it was
significant (Fig3.).The K value of the sorghum under different planting patternwas presented in-
Tablel.

Fraction of Intercepted PAR (fPAR)

The fPAR washigh in the sole Sorghum in 30, 45 and 60 DAS. The increased
spacing between.sole sorghum (45 cm) allowed more direct light to intercept by the crop.At
60DAS the fRAR value was found to be higher because of the increased height of the component
crops:Among. the different treatments of intercropping, the Sorghum in 2:2 pattern intercepted
more PAR (T3, T4, T6). The higher plant density and foliage cover of component crops at the 2:2
pattern intercepted more PAR than the 2:1 pattern. The total fPAR intercepted by the Sorghum

was presented in the fig4.

Dry matter production (DMP)
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Similar toLAl, DMP produced by theSorghum in 2:1 Sorghum+ Lablab (T;)5.1, 32.7,
78.6g plant™ in 30DAS, 45DAS, 60DAS respectively was higher than all other treatments. The
sole crop Sorghum (T) registered lower values3.4,26.6,67.3g plant™in 30DAS, 45DAS, 60 DAS
respectively (Fig5.).The increased DMP in T7 might be due to the ability of component crops in

maximum utilization of resources due to the differential rooting pattern of for resource utilization

well as LAI was enhanced by the low level of competition that prevailed in the 2:1 intercropping
system than 2:2 pattern (Wang et al., 2017).

Radiation Use Efficiency (RUE)

The RUE was highin 2:1 Sorghum+ Lablab (T;)followed by T3(2:1 Sorghum + Cowpea)
where sole Sorghum (T1) registered the low value at 30, 45:and-60 DAS.The RUE of different
treatments were presented in fig6.The PAR intercepted by the sole sorghum was mostly direct
which is less efficient in converting to biomass. The addition of legume rows in the intercropping
system allowed more diffuse light which was highly efficient in converting to biomass. This
resulted in high RUE in intercropping treatments than solitary cropping (Table2). Similarly, 2:1
pattern had better RUE than 2:2 pattern: This was,due to the reduced dry matter production in 2:2
pattern than 2:1 pattern. The competition:that-existed in 2:2 pattern reduced the dry matter
production that ultimately-reduced the RUE. The average value of RUE of the intercropped
Sorghumwas 1.4 to 2.5.g MJ™.

CONCLUSION

Intercropping. Sorghum with Lablab and Cowpeahas enhanced the leaf area index, dry
matter production. which resulted in high Radiation Use efficiency. The intercropping improved
the averall:light. capture and use efficiency of Sorghum than sole cropping. The RUE of
Sorghums+ Lablab fin 2:1 pattern was stable across all days of observation. Introducing the
additional single row of pulses in 2:2 reduced the growth performance of both Sorghum and
pulses.Hence intercropping Sorghum with pulses in 2:1 pattern would be recommended since it

had better radiation use efficiency than 2:2 pattern.

REFERENCES

Comment [G12]: ? fer

Comment [G13]: results

Comment [G15]: than the

Comment [G16]: It does not appear in the

(

(

[Comment [G14]: matter,
(

{ references list.

(N | (D

[Comment [G17]: Inthe ]




10.

11.

Bedoussac L, Journet EP, Hauggaard-Nielsen H, Naudin C, Corre-Hellou G, Jensen ES,
Prieur L, Justes E. Ecological principles underlying the increase of productivity achieved
by cereal-grain legume intercrops in organic farming. A review. Agronomy for
sustainable development. 2015;35(3):911-35.

Chimonyo VG, Modi AT, Mabhaudhi T. Sorghum radiation use efficiency and biomass
partitioning in intercrop systems. South African Journal of Botany. 2018;118:76-84.
Garcia-Rodriguez A, Garcia-Rodriguez S, Diez-Mediavilla M, Alonso-Tristan C.
Photosynthetic active radiation, solar irradiance and the CIE standard. sky:classification.
Applied Sciences. 2020;10(22):8007.

Gao Y, Duan A, Qiu X, Sun J, Zhang J, Liu H, Wang H. Distribution and.use efficiency
of photosynthetically active radiation in strip intercropping of maize and soybean.
Agronomy Journal. 2010;102(4):1149-57.

Gong W, Qi P, Du J, Sun X, Wu X, Song C, Liu W, Wu Y;:Yu X, Yong T, Wang X.
Transcriptome analysis of shade-inducedyinhibition on‘leaf size in relay intercropped
soybean. PL0S One. 2014;9(6):e98465.

Igbal MA. Comparative performance of forage cluster bean accessions as companion
crops with sorghum under varied harvesting times. Bragantia. 2018;77:476-84.
Lunagaria MM, Shekh AM. Radiation interception, light extinction coefficient and leaf
area index of wheat (Triticumaestivum L.) crop as influenced by row orientation and row
spacing.

Liu X, Rahman T, Yang F, Song C, Yong T, Liu J, Zhang C, Yang W. PAR interception
and utilization in different maize and soybean intercropping patterns. PloS one. 2017
5;12(1):e0169218.

Maitra, S..Serghum-based Intercropping System for Agricultural Sustainability.

and plant density on growth and yield production of grain sorghum-cowpea under limited
water supply condition growth, yield and yield component characters of sorghum. IOSR
Journal of Agriculture and Veterinary Science. 2013;2(3):24-9.

Rezig M, Sahli A, Hachicha M, Jeddi FB, Harbaoui Y. Potato (Solanumtuberosum L.)
and bean (Phaseolus vulgaris L.) in sole intercropping: effects on light interception and

radiation use efficiency. Journal of Agricultural Science. 2013;5(9):65.

Comment [G18]: Incomplete article
information.

Comment [G19]: Incomplete article
information.

https://www.researchgate.net/profile/Sagar-
Maitra/publication/342132127_Sorghum-
based_Intercropping_System_for_Agricultural_Sust
ainability/links/5ee3ac59a6fdcc73be 743bbc/Sorghu
m-based-Intercropping-System-for-Agricultural-
Sustainability.pdf

[ Comment [G20]: It does not appear in the text. ]




12. Rahman MH, Ahmad A, Wajid A, Hussain M, Rasul F, Ishaque W, Islam MA, Shelia V,
Awais M, Ullah A, Wahid A. Application of CSM-CROPGRO-Cotton model for
cultivars and optimum planting dates: Evaluation in changing semi-arid climate. Field
Crops Research. 2019 ;238:139-52.
13. Yang F, Liao D, Wu X, Gao R, Fan Y, Raza MA, Wang X, Yong T, Liu W, Liu J, Du J. { comment [G21]: It does not appear in the text. |

Effect of aboveground and belowground interactions on the intercrop yields in maize-
soybean relay intercropping systems. Field Crops Research. 2017;203:16-23.

14. Yang F, Feng L, Liu Q, Wu X, Fan Y, Raza MA, Cheng Y, Chen J; Wang X, Yong T,
Liu W. Effect of interactions between light intensity and _red-to-far-red-ratio on the
photosynthesis of soybean leaves under shade condition. Environmental and
Experimental Botany. 2018 ;150:79-87.

Table 1: Values of K of Sorghum under different planting pattern at 30, 45, 60 DAS

Days After Sowing

Treatment details

30 45 60

T, - Sorghum sole cropping 1.40° 0.54¢ 0.15°
T, - Paired row of Sorghum + 2 rows of Cowpea (2S:2C) 0.36° 0.21° 0.10¢
T - Paired row of Sorghum + 1 row of Cowpea (2S:1C) 0.17" 0.13° 0.09°
T, - Paired row of:Sorghum +2 rows of Greengram (25:2G)  0.43¢ 0.32° 0.08"
Ts - Paired row-of Sorghum + 1 row of Greengram (2S:1G) 0.34° 0.16% 0.08"
Te - Paired row of Sorghum + 2 rows of Lablab (2S:2L) 0.12° 0.06° 0.10°
T7 - Paired:-row of Sorghum +1 row of Lablab (2S:1L) 0.11% 0.06° 0.05*
SEd 0.02 0.03 0.03
CD(.05) 0.04** 0.07** 0.01**
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Table 2 Percent improvement in RUE of intercropping system than sole sorghum
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2:2 Intercropping system
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Treatments % Improvement of RUE than sole Sorghum
30DAS 45 DAS 60DAS
T»(2S:2C) 63.6 24.6 118.0
T3(2S:1C) 90.0 211.5 210.5
T4(2S:2G) 81.5 67.4 137.4
T5(2S:1G) 84.2 144.5 215.4
Te(2S:2L) 82.6 82.3 145.5
T,(2S:1L) 93.0 227.3 243.0
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Fig2: Leaf Area Index of Sorghum in the different intercropping systems at 30, 45, 60DAS
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Fig3. Linear Regression between k and T at 30, 45, and 60 DAS
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Fig5. Total Dry matter produced by the Sorghum under different planting pattern at 30, 45, 60DAS
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Fig6.Radiation Use Efficiency of Sorghum under different planting pattern at 30, 45, 60DAS



