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Effect of drought stress, integrated application of chemical and organic fertilizers and seed

sowing method on forage yield of silage maize (Zea mays L. cv. SC704)
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Effect of drought stress, integrated application of chemical and organic fertilizers
and seed sowing method on forage yield of silage maize (Zea mays L. cv. SC704)

Pourjamshid. S.A.%, A. Moshatati?, S.A. Siadat®, M.R. Moradi Telavat* and
A. Khodaei Joghan®

ABSTRACT
Pourjamshid. S. A., A. Moshatati, S. A. Siadat, M. R. Moradi Telavat and A. Khodaei Joghan. 2023. Effect of drought
stress, integrated application of chemical and organic fertilizers and seed sowing method on forage yield of silage maize
(Zea mays L. cv. SC704). Iranian Journal of Crop Sciences. 25(1): 170-189. (In Persian).

Introduction: As one of the most important crops in Khuzestan, Iran, forage maize production faces limitations
such as deficincy of water resources in summer, low soil organic matter content, heavy soil texture and soil
salinity, which can be resolved by appropriated nutrition management and planting method to reduce some of
these problems. To improve soil fertility, integrated application of chemical and organic fertilizers is eco-
friendly and economically sustainable. The integarated application of organic and biological fertilizers in
combiation with chemical fertilizers is an important integrated plant nutrition management strategy for
sustainable productivity and production in cropping systems.

Materials and Methods: To evaluate the physiological traits and yield of silage maize with with integrated
application of nitrogen fertilizer and sugarcane residue compost and seed sowing method under drought stress
conditions, a field experiment was carried out in split split plot layout in randomized complete block design with
three replications in 2021 summer in Ramhormoz, Khuzestan province, Iran. Treatments included irrigation after
30% (non-stress), 50% (moderate stress) and 70% (severe stress) deplation of available soil water (main plots),
fertilizer treatments included 100% of nitrogen fertilizer requirement; 75% nitrogen + 25% compost, 50%
nitrogen + 50% compost, 25% nitrogen + 75% compost and 100% compost (sub plots) and sowing methods, top
of beds and in furrows (sub-sub plots). Samples of fresh forage were used to determine the relative water content
(RWC), dry matter content and the dry forage yield. The leaf greenness index (SPAD) was measured using a
portable chlorophyll meter at the 50% flowering stage on the fully developed leaf. Forage quality traits were
measured using near infrared spectroscopy (NIR).

Results: The results showed that the highest values of SPAD, chlorophyll a, chlorophyll b, RWC and cell
membrane stability were obtained in 100% chemical fertilizer treatment under well irrigated condition. However,
under modeate and severe drought stress conditions, combination of chemical and organic treatments with the
50% nitrogen and 50% compost of sugarcane residues had higher values. The maximum dry forage yield was
obtained under well irrigated treatment, 100% chemical fertilizer and in furrow seed sowing. However, under
moderate and severe stress conditions, the highest dry matter yield were obtained in integrated fertilizer
application treatments and in furrow sowing. The lowest dry forage yiled was obtained in 100% organic fertilizer
treatment and sowing on top of the bed. Under mild and even severe stress conditions, in furrow sowing method
in comparison with the top of the bed, the effect of drought stress was mitigated, mainly due to better and longer
condition for uptake of moisture and nutrients available for maize plants.

Conclusion: According to the results, it can be concluded that in furrow sowing method, better moisture could
be preserved for longer time and optimal application of sugarcane compost as an organic input can improve the
physical, chemical and biological properties of the soil, thus providing nutrients, especially nitrogen, and their
slow release during the plant growth period which in turn may reduce the negative effect of drought stress and
improve growth and yield of forage maize under the conditions of Khuzestan province.
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Table 1. Monthly average of minimum, mean and maximum temperature and precipitation during

growth duration of maize
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Table 2. Physical and chemical properties of soil (0- 30 cm depth) and sugarcane residue compost
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Table 3. Mean comparison of plant traits and indices of forage maize in interaction effect of irrigartion and integrated application of chemical fertilizer and sugarcane

residue compost treatments

3415 sl 058 dN ) St osle
S el a o k5 b fs, 8 s 555,8 b slas ool s, oS I oS P S s B
4% £, Chl.a Chl.b Carotenoids s T (6] gime Cell membrane No. grain. Ear:totaldry ~ Crude protein  Digestible dry
Irrigation @bt Nutrition SPAD (mg.g*FW)  (mg.g'FW)  (mg.g*FW) RWC (%) stability (%) row* wt (%) (%) matter (%)
S 6T s - N1 49.0a 3.08a 1.02a 1.48a 81.65b 81.4a 44.3a 42.8b 8.2a 85.9a
el J“( = j_h)"“’” S N2 45.2b 2.96a 0.83b 1.45a 83.53ab 75.6b 39.5bc 42.8b 7.3bc 85.3ab
After 30% deplatigr:ou]‘Jséil available water N3 42.7¢ 2.77b 0.78c 1.38hc 83.36ab 77.0b 41.6ab 43.0b 7.8ab 87.0a
(non-stress) N4 42.5¢ 2.08¢c 0.67c 1.37c 84.19a 75.5b 36.6¢ 46.2ab 7.2bc 83.41bc
N5 39.7d 1.92d 0.59¢ 1.36¢ 76.01c 69.7¢c 36.3c 47.2a 6.8c 81.7c
T e o N1 40.8b 1.94bc 0.57a 1.66a 70.1c 62.4c 38.5a 42.0ab 7.2c 78.5b
o S el S N2 45.1a 2.18a 0.59a 1.56b 71.6b 64.6ab 39.1a 42.0ab 7.6bc 80.0b
After 50% deplatigr?z}r;)zl available water N3 44.4a 2.11ab 0.58a 1.53c 74.2a 64.5ab 39.1a 39.0b 8.5a 83.9a
(moderate stress) N4 43.7a 2.03abc 0.50b 1.52¢ 72.3b 66.8a 37.9a 41.5ab 7.8ab 80.3b
N5 40.7b 1.91c 0.46¢ 1.51c 69.8¢c 63.8¢c 33.1b 44.7a 7.2c 79.6b
S g 1 T i sV N1 37.3b 1.29d 0.38d 1.73a 62.2¢c 34.8¢c 34.1ab 47.4ab 7.3a 67.3b
A A e T o N2 39.1a 1.65hc 0.43bc 1.67b 64.5b 43.7h 32.9ab 47.1ab 7.3a 71.5a
After 70% deplat(iﬁn““(‘);;)“ vailable water N3 39.52 1.93a 0.50a 1.58¢ 68.4a 49,52 34.7a 47.0ab 7.3a 71.3a
N4 38.8a 1.85ab 0.47ab 1.57c 63.4bc 52.5a 32.3b 49.0a 6.7ab 72.4a
(severe stress) N5 37.0b 1.56¢ 0.40dc 1.55¢ 61.7c 49.7a 29.9¢ 49.7a 6.6b 72.6a

LI g ls gme gl J—#)-’@'—;JW‘CE—")-’)\JL;‘-M NP1 Hp LRES Q}»J‘waljc.,\:“a &S i Cog L;l)lzf&hﬁl:.»ca‘,;wﬁ)s
Means in each column followed by similsr letter(s) are not significantly different at 5% probability level, using LSD test
S G S o3 Vo NS 5 S o 13 VO 4055 525 o3 YO INA (i 508 o3 B0 +035 5 25 oo 53 00 INS e 508 o )3 YO 40355 25 daoy5 VO N2 (055 25 sy ¥+ :ND
N1: 100% nitrogen, N2: 75% nitrogen+ 25% compost, N3: 50% nitrogen+ 50% compost, N4: 25% nitrogen+ 75% compost and N5: 100% sugarcane residue compost

Sl sy slasles s sl sle )3 ALE Sla et ls 5 Dlio Sl deylia =F s

Table 4. Mean comparison of plant traits and indices of forage maize in seed sowing method treatments

bk 555, Sl g s lis sluly an BB eSis osle
b sl s, K Ko ol a Jos 5 Carotenoids ol Cell membrane  Cos, s abslas JM s 6ls sy sluw Digestible
Sowing method SPAD Chla(mg.g'FW) (mg.glFW) RWC (%) stability (%)  No.grain.row! No. of row.ear? dry matter (%)
Top of bed «wz, VU 40.5b 2.01b 1.58a 71.3b 59.6b 35.7b 13.1b 78.2b
Infurrow ¢ S 42.9a 2.16a 1.52b 73.5a 64.7a 37.7a 13.5a 79.2a

LI g ls gme gl "L’)"@JL‘:"'CE“')")"J;“ IV IRES 05051 ool iz S 2l o sl)\:naf&\.a&:il?nw}uﬁ):
Means in each column followed by similsr letter(s) are not significantly different at 5% probability level, using LSD test
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Table 5. Mean comparison of chlorophyll b content of forage maize in interaction effect of irrigation and

seed sowing method treatments

ool by, b 5,8
Irrigation @bl Sowing method Chlorophyll b (mg.g* FW)
(U35 03) &S o s 5 T alsws Lo s ¥ 51 TOp OF bed «sy WU 0.74°
After 30% deplation of soil available water (non-stress) In furrow (¢, xS 0.822
(e 23) &S s BB Tl doy3 00 51 TOp OF bed wezy (WL 0.50°
After 50% deplation of soil available water (moderate stress) In furrow (¢, xS 0.582
(Autd 2) S o s b6 OT adss Lo ps Ve 51 TOp O bed «zy oYL 0.41°
After 70% deplation of soil available water (severe stress) In furrow ¢ S 0.462

L, g ls gae Syl o s ety Jlex|

cla.“)s)\as.uu;u; Jola= 05037 wu‘,;MJﬂu}F@)\;Sdhﬁuwwﬁ):

Means in each column followed by similsr letter(s) are not significantly different at 5% probability level, using LSD test

CoilS hay 43 Sd 3 aS Sl ods iyl E Lo
Ab b IS (gl g Jhll Gl (s (S s
.(Davani et al., 2016)
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Table 6. Mean comparison of total chlorophyll content and total dry yield of forage maize in interaction effect of

irrigartion and integrated application of chemical fertilizer and sugarcane residue compost treatments

55 dss 8 oS o3le s Shas
PE sb sl s,  Total chlorophyll  Total dry yield
Irrigation ST Nutrition ~ Sowing method (mg.gt FW) (kg.hat)
N1 P1 3.91b 23877b
P2 4.34a 25847a
N2 P1 3.69¢ 22692d
P2 3.92b 23877b
(U35 03 S o ns B T alsss doy3 ¥ 51 g N3 P1 3.41d 21526f
After 30% deplation of soil available water (non-stress) p2 3.68¢c 22271e
N4 P1 2.64f 18472h
P2 2.88e 19083¢g
NS P1 2.46g 15725
P2 2.57g 16389i
N1 P1 2.39cd 17930d
p2 2.65abc 18839bc
N2 P1 2.68ab 18210cd
P2 2.87a 19326ab
(23 55) S o s BB OT s o300 31 ey N3 P1 2.56bcd 18499bcd
After 50% deplation of soil available water (moderate stress) p2 2.83a 20193a
N4 P1 2.43bcd 15925e
p2 2.63abc 16746e
N5 P1 2.32d 12256f
P2 2.44bcd 13085f
N1 P1 1.60f 11025de
P2 1.74ef 11620cd
N2 P1 1.99ced 11589d
p2 2.19abcd 12292hc
(s 25) ST s o DT s oy Ve 3l ey N3 P1 2.35abc 12780b
After 70% deplation of soil available water (severe stress) P2 2.52a 13774a
N4 P1 2.24abc 11121de
P2 2.41ab 11576d
N5 P1 1.88fed 10242f
P2 2.05bcd 10865f

L)l ()ls gme o sli5 M)A@J&blcb)b)\:waﬁw Jé\.,\>Q}»J'Tw\.wljc.,\:“aif;:a;})fsl)\gafdhﬁpcayﬁ);
Means in each column followed by similsr letter(s) are not significantly different at 5% probability level, using LSD test
5 gaS Lo 3 VO 4055 5 o3 YO INA (s 5087 o )5 00 +055 25 Aoy 00 NS e S o3 Y0 +035 5 25 o ys VO N2 (055 25 asys ¥+ N1

S S P2 gty V=Pl Sy gLl a8 40551+ NS

N1: 100% nitrogen, N2: 75% nitrogen+ 25% compost, N3: 50% nitrogen+ 50% compost, N4: 25% nitrogen+ 75% compost
and N5: 100% sugarcane residue compost. P1: sowing on top of bed and P2: sowing in furrows
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Table 7. Mean comparison of number of rows per ear in nutrition treatments

PRy I s &ls Cassy slass
Nutrition  Number of rows per ear

N1 13.3a

N2 12.8b

N3 13.6a

N4 13.4a

N5 13.3a

LI ol e DB s ey dL«:;-lch.»):)\zsbu Sl JSliom O 505T alal s cdimn S ke o9 L_gl)\:«f&\.a&_iil._.uo‘,:.ﬂj&p
Means in each column followed by similsr letter(s) are not significantly different at 5% probability level, using LSD test
5 gaS o3 VO 4055 25 o3 YO N (s 5aS7 do 53 0 +055 25 Ao ya 00 NS e a8 o3 YO +035 5 25 o ys VO N2 (0055 25 wsps Vo N1
i gLl s gaS o5 Ve NS
N1: 100% nitrogen, N2: 75% nitrogen+ 25% compost, N3: 50% nitrogen+ 50% compost, N4: 25% nitrogen+ 75% compost
and N5: 100% sugarcane residue compost
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