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Extended abstract

Introduction

Lack of irrigation water resources has been identified as the most important problem in forage
production. Therefore, to increase the productivity of crop production using limited water resources, it
is necessary to pay attention to the cultivation of drought-tolerant crops. Sorghum has a high resistance
to abiotic stresses and can perform well in comparison with other summer crops. Irrigation and
fertilization are not only costly but also are of the most important factors affecting the quantity and
quality of forage crops. Therefore, the present study was conducted to evaluate the effects of different
levels of drought stress and nitrogen fertilizer on the sorghum forage yield and quality, and water use
efficiency.

Materials and methods

This study was conducted as split-plots based on a randomized complete block design with three
replications in Karaj, Iran, during the 2018 growing season. Drought stress at three levels (no-stress,
moderate and severe stress; including the supply of 100, 75, and 50% soil moisture deficit, respectively)
as the main factor and nitrogen fertilizer application from urea source at four levels (0, 150, 300, and
450 kg ha) as the sub-factor were evaluated. In all experimental treatments, nitrogen fertilizer was
applied in two equal parts, at planting and 5-6 leaf stage. In the present study, drip tape irrigation
approach was applied (with a diameter of 16 mm and drip distance of 10 ¢cm). Irrigation cycle was
considered constant for all plots and different levels of irrigation water were applied. In order to properly
establish the sorghum crops, deficit irrigation regimes were started after 2-4 leaf stage. Sorghum forage
was harvested at the milky-dough stage. Data were subjected to two-way analysis of variance (ANOVA)
and the difference between treatment means was separated using LSD test. A significance level of 95%
was applied by GLM procedure of SAS 9.1.
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Results and discussion

The results of ANOVA showed that the main effect of drought stress and nitrogen fertilizer on the forage
yield, irrigation water use efficiency (IWUE), plant height, and quality characteristics of sorghum forage
(except hemicellulose) was significant (p<0.01). Also, the interaction effect of drought stress x nitrogen
fertilizer on the forage yield, IWUE, plant height, and crude protein content at the probability level of
1%, and on other quality characteristics of sorghum forage (except hemicellulose) at the probability level
of 5% was significant. The highest dry-matter and protein yield (40.03 and 3.48 t ha-1, respectively) and
the maximum plant height (224 cm) were obtained with full irrigation and application of 450 kg nitrogen
ha-1, whereas the maximum IWUE for dry matter and protein production (6.793 and 0.672 kg m-3,
respectively) was obtained under moderate stress and with the application of 450 kg nitrogen ha-1. By
increasing the nitrogen fertilizer application from 0 to 450 kg ha-1 under full irrigation, moderate stress,
and severe stress conditions, the dry matter yield increased by 167, 181 and 101%, respectively, protein
yield increased by 238, 284 and 174%, respectively, forage protein content increased by 27, 36 and 39%,
respectively, and relative feed value increased by 8, 6 and -2%, respectively. Overall, in order to achieve
the maximum quantity and quality of forage and the highest water use efficiency in full irrigation and
moderate drought stress conditions, application of 450 kg nitrogen ha-1, and in severe stress conditions,
application of 300 kg nitrogen ha-1 can be recommended.

Conclusion

Generally, the results illustrated that the treatment of moderate drought stress (supply of 75% soil
moisture deficit) with the application of 450 kg nitrogen ha-1, along with saving water and producing
high forage yield, among the studied treatments resulted in the highest water use efficiency, DMD, NEL,
and RFV, and the minimum ADF and NDF, can be recommended as the superior treatment for sorghum
forage. In case of severe limitation of irrigation water resources, supply of 50% soil moisture deficit
(severe drought stress) along with application of 300 kg nitrogen ha-1 can be recommended.

Keywords: Energy, Deficit irrigation, Digestibility, Protein, Water productivity
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Table 1. Some meteorological data of the experimental site
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Table 2. Physical and chemical properties of the experimental field soil
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Table 3. ANOVA results of forage yield, water use efficiency, and plant height of sorghum as affected by drought stress

and nitrogen fertilizer

ao s e <l G pae o8 gus !
- Forage yield Water use efficiency Aig
b T s sl Ry N ) RT3 Plant
S.0.V Slyd il af Dry matter  Protein Dry matter Protein height
Replication A 2 1.10™ 0.01" 0.04" 0.0005" 23"
Drought (D) P WE gAY 2 448.14™ 1.97" 1.86™ 0.0388™ 6138
Error a Lol sl 4 0.49 0.01 0.02 0.0001 37
Nitrogen (N) 0395 995 3 676.85™ 7.34™ 25.96™ 0.2891™ 2215™
DxN Oiarw X S 6 45.11" 0.34™ 1.15™ 0.0096™ 385™
Error b < sl 2 1.72 0.01 0.06 0.0005 25
C.V. (%) Ol s’ g o - 5.23 5.59 4.96 5.47 2.73

OIS gire e NS 1o )0 S 5 gy Jlaiml s jo I pixe ol dy e g

* and ** significant at P<0.05 and P<0.01, respectively. ns: not significant.
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Table 4. The interaction effects of drought stress x nitrogen fertilizer on the forage yield, water use efficiency, and plant

height of sorghum
Sl adgle o Slos <l G pae ol
Treatment Forage yield Water use efficiency agr gl
S g 0395 095 Sz ool gy Shs ool gy Plant
Drought stress  Nitrogen rate Dry matter Protein Dry matter Protein height
kg. ha'! ton hal-eeeeeee e kg B cm
0 14.97¢ 1.03¢ 2.232¢ 0.153¢ 175¢
O 9 150 30.51° 2.24¢ 4.550° 0.333¢ 190°
No stress 300 37.93¢ 3.06° 5.656* 0.455° 2222
450 40.03* 3.48 5.968° 0.519* 2242
LSDo.0s 3.50 0.29 0.522 0.044 11
Bowaio |, &5 0 12.32¢ 0.89¢ 2.422¢ 0.176¢ 166°
CaC 150 27.10° 2.07° 5.326° 0.406° 183°
Moderate 300 28.64° 2.44° 5.630° 0.479° 204°
stress 450 34.56° 3.422 6.793¢ 0.672° 208*
LSDo.0s 2.25 0.22 0.442 0.042 10
0 9.78° 0.72°¢ 2.822°¢ 0.207¢ 1532
KRV et} 150 23.10* 1.76° 6.659* 0.508° 160*
Severe stress 300 2223 2.16* 6.408° 0.622° 160?
450 19.62° 2.00* 5.656° 0.575% 161*
LSDo.0s 1.80 0.18 0.520 0.053 9
LSDo.0s (DroughtxNitrogen) 2.25 0.20 0.426 0.040 9

25,05 (6,3 gire B 0o 10 O Jleii| e ;o LSD (yg03] Lolol 3 ygin 58 30 S e By, slyls sl Sileo
Means with similar letters in each column, show non-significant difference according to LSD tests at 5% level

Loadsle o Sloe cn 5t 805 515 ok )0
b Jol G395 e (0 YL S pan
4 ipoS jgm adgle 5 Shoe 2 ()39 505 S yae N S
GRIFI b Sggmie wails (Kimy (S35 Ll
S8kes » (e r Bras Saiedgw I (SAS AT Dl
Wad (Sis i Cod (P Jeux) ol allls adgle
2 Oiar p S0k VO i B 35,08 Spae Rl
@i b g Sz oole o Slae iSTas Joas gl p LS
38 kee Sl Jyam sl p JiSe 50 039555 p S kS Y- ¢
Tobw Sl G Olsr Spae Gl g 09 (SI (eFs
O35 Srae (F Jouz) ol o Slas 2alS o ()53
M 5 S 55 5 ogdle olS (sl 5L 0ol
rlo Qi als (S anal s el Jasrean
9 Fmgid (Rals g ol ady ) Gubid Gulidly olié ol
Cagb, oo .(Javadietal., 2010) s ls Jlis a1, o Sles
352y S0y akly olde olae 3l eslatwl cllld 5 S
Olgies 1 955 9,8 5l Jols (guiasgw aS (5 sboay ol
Hussaini et al.,) cols S 0 Ol conl 8 o)l ases

5 0m5 e bl ]y 558 B ran LS elS (5,LeT 2008

bl S e Slye i ialS | St

Mg Cudgaze g el als ) ol (gjgs
S50 yie Gl ologen 5 0y (1alS 4 oMo
355 Byae a5 Jl=,0 (Nematpour et al, 2020)
9 S plgd o9 o5 p gl ALl Gl Sl 03955
G 5 1 S o 5 ead ol lse el GBS
s o5k .(Baghdadi et al, 2017b) s,ls  ege
Ui 51 oy 4o 5 (Jahanzad et al., 2013) -, Sen
RSN JPIERPIE SRR T
g bogie (Sis i 4 ol gilol 5l i ol
S8ee Gao YT 5 Ve oy 4 el 4y oo wyolds
A adsle (yatie 0 Shes saoys YF o VY 5 Si5 obe
,» ws (Nematpour et al., 2020) .l Sen 5 50
S a5 00,5 )15 gladsle 5 p gleleS B g
5 ool o)l s Ko el oSles ( Sis i
95 olas L8l el as o B) 5 TO i 4 Saliny
aw Sl ow,p ,o 55 (Baghdadi et al., 2017a) ., Son

2 OLSe )0 @SS YFe g Ve AY) (55,05 955 whaw
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Wi Jols [iSe po (g pSskS FO Srae b
S 53 st p TS Yo Brae b gy a5
(F Jgoz) awl cews
O39r 095 x (Sid s blie 1 (eSSl anlie
2 Slas (w590 Hlead VY o yo a8 ol LS
FIVA ol 5 ) ey g Scid oole 05 (sl o b pae
bsgie (Sis 15 led )0 (GaSe e o SslS 1PV
2 ol S o sy e 89k FO Bras b
;éra.n L) KYR WY é@ oS )LM U‘J‘ » og)LC (f J9A>)
i A adgi b 5 LS 50 39,0 p S ek S Y 9 V0
ol coSayie ,2 gl 4y St oole 0 FoLS FIFY 4 £/55
ol capae (F Jouz) <85 )13 i sjlel 055 50
sl s sy dle 0 bl CueS g0 e Gk
a6l ol @bl Gl pses Gasm) JBla> 4 o
Balazadeh et al., 2021; Zou et al., ) 553 0 oS
;o (Golzardi et al., 2017) Koo 5 (59,55 (2021
el dawgie Sis i cod a5 ws )5 8 @)
ol )Lo.:.a O Cod S osle d...]}: Lg‘)) u] dfa.a
(O D s (il L Lel cdl aoliEl (Jle s skl
6330 e oS aid caliv Cavs (pl )0 (gl cae psS
clld el b Yhasl (e 058 Bpae poe b o
S 52,8 Sl ey Joilgiand szmon s3mmsid slope 5]
s (Maranville and Madhavan, 2002) ;s s
Zhao et ) jiwgd &5 5 s, Colan jrals e
(03550 2l Bras SIS 395k 058 905 55
Gl b oS gmiay ccudls Kiwy Sas 2 Lals o
2900 2 (395 By Gaedgw I (S 15 Db
il ol Sis 55 o (F Jgoz) o auls Ol

355 B pan ¢ 23355 3 (5 kel Cude  Siwaon Cde 4
olaidl ad o G&MQMQT woolyd byl o
(Kaplan et al., 2019) s s 5 xis

Ol ks ()8 poy) cbige (R (5905 o
Sl $y908 Brae Oigr 9 S Cusb, (ceal
Heidari ) Koo 4 5,0.> .(Hussaini et al., 2008)
595 ol 5 (Sas i Sl asdllae L (et al., 2019
5 als 0 Sl iSTas a5 win,S o8 O, o Sles
eVl 5 ol 3 9y 1ot ol b Sjslses o Slae
Jol> (LS )0 0 SolS VO +) gy 20550 (59, gelas
SO gy Bras Glidl a5 wols las lasl o
@ ol 4% Cardg dgun b Wlgh o o S i byl b
S dS 60,k (Rl s GlasS 0,0y wan als
Ghobadi et al.,) ;,Ken 5 old 05 S5 )0
Slewd 50 3,3 ddele o Slae oy ion W30, 5155 (2015
s Jole 5 e 51Vl Bras b (ol sk
Gpae il o Sogb, i bals o axisls Glo bl
i Sl 0 ol Jeos il58l el 5L a5 o0gS
polie Ll sas mol38l 1) @3 oS o ol i b ablas
Sfles p gusk, G5 kil o 03s LS S e
(Ghobadi et al., 2015) s,ls Cgllasl 31 3599

s x5 K oolo adsi sl o Spuao )15
3¢5 (S s Shas ol las bl 4y mlbs
@bl 2 Oer 355 x (Sas s Blite Sl g ()39
Jlisl gl 10 (s 5 Siis eole ad i (gl T b e
2 O35 9085 Srae (¥ J5u92) o5 o e oy Sy
osle A.Jj.s 6‘)‘.’ g.;l JJ..a.n ‘53‘1)[5 u‘,m ‘6)1-:4.1 C}Ia.w r:Lo.'i
Jeaz) ole Gaalidlaals jled & cod |y (g g S
Sien 4 Biass 355 Bpan SIS syl Ll s oF
Srae )5 e JLSe j0 p,5TLS FO- g Vv MO
ol S e sl il sals jled @ Cad doyo
VA g WYY AY. Ciyp a4 hwge b cov Gl
Qoo Ve g VTV AVE Cud i a4 auald 58 Cod g oo
STy (s 355 gl ol Bpae LIS (F Jgaz) 05
bulyh jo aS g sbar ol (LS (5505 Brae 4 (g SN
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Codo P15y saelive gl 5.5 (Baghdadietal., 2017a)
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5 VYV iy ) IS logm p95 50 G55 el5)) (2 5
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S s Sl |y elie mls 5o (et al., 2017
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g gl p gylgre Sl 39 Srae wyad (Sas
stel 09,5 10 035 955 haw Joz 2 5 Sl S y5m
Kaplan) o) Kas 5 L5 (F Jpaz) 25 5 LS,
god g Ay (3595 SgeS a5 wisls las (et al., 2019
dbgle 5 Shoe il &) pxin 53,5 Sgazme Db | 35 o
sSlee il g g glis)) pals os g gl uals
Gl L s 0395 Srae 1als Sl 0 pS 0w
Sl slyhnd b (griwgs glagpl  cble
Maranville and Madhavan, ) §Sg, 5 S S
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5 St ool adsi gl ol Gpae LS ST g
A8l Jgax lp LS )3 395 p, S5l Ve
Ol 5 09 B ety Wy sl ol Grae 28
900 Rl o )95 S olaw 5l e 03955 B e
Kaplan et al.,) ;,5ea g (D (F Jgozx) ot ol

il

oS pgS 9w ol Bpae LS cwyn 0 5 2019
Sad GlBIL a5 wis S ()18 )lel i slags),
ol adgle adgi 6l Ol Grae S5 (Sas s
Ot b pg g (St 25 Lalid s Yleis! il
laaijg) slass (2alS L g (slasje) Cueglie (2l 3) Lacss,
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e IS il el o o G s el ]33
Consl 003313 55 by 50 (Sds i llpd 0 o

(Fried et al., 2019)

W g,/
x (Sad i Bl Sl (g 058 (Sis S Sl
So Jliol mhaw )3 095 50 dis gli)] p (35 S5
03955 995 Spae b8l L (Y Joaz) 05 s gme woyo
G2 gl )| cawgie S 15 5 Jloy 55kl sl e 5o
Gl Hsbar (3955 S pas pas) wall le 4 Cod
G e g S L s 4 oy iy i3l
L(F Jouz) el G el )| s logine Sl (595
2 ESe 5 O3er pSekS YO 9 Yo N0 Brae
Ao YA G YY A Cudp a dig gl oS s Lol Lyl
2oy VO 5 VY O i 4 bawgie A5 Lalpl 0 g
Flie ST 2oy mls 2l ol sals jled 4 Cod
Ll o ols olas a5y gl )l 2 ()39 705 355 x (St A
Spae b dg gl pSlas dhwgie (255 oS sk
Wb Jolb S s e eSS YO 5 Ve
Solsre Sl 39y Bpae (sl 5 Cod S o
(F Jgaz) ol olis aig glas )l

595 x (Sas A5 Jlite Jl (pSle anglie b
PN gy 2350 Lo VY jo oS 0l (LiS (39558
by (Sas G55 s e 5o (el YY) gy elis |
Jsaz) b Jols LS ;5 (55,58 a5 0kS YO+ Sran
Voo Gpae b 55 g wald s ool ogdle (F
Frosilo VYV aigy las )1 b 5 LS 30 (39505 0,5 5kS
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Wi Jel LSe s s eSS FOr Grae lal bl o pls uis (sl (it 4 0l lad
15 (do o FIAD) absle Bigy syime JBlm 45 Jloys AP (a5 ) Al LD 5 bagie SiS A0 o elS
odalic 159k Brae (e g (SES AS g Bl 0 (g p SokS YO Bpas b (ae)ps VNV 5 AUAS
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Table 5. ANOVA results of qualitative characteristics of sorghum forage as affected by drought stress and nitrogen
fertilizer

x5 Mean square <l po (5mu5lbe
S0.V e e ‘f;‘f’ ! cp* ADF NDF HEM DMD NEL RFV
Replication S 2 0.03™ 0.88™ 4.17" 1.48™ (.53 602" 15.45"
Drought (D) PR SWEAY 2 2.88"™  8.60™ 8.75 0.16™ 5217 5916 57.87"
Error a ol s 4 0.05 0.04 0.54 0.68 0.03 29 1.07
Nitrogen (N) 05955 095 3 1137 149" 534™ 140 0917 1022 21.20™
D xN 059558 X (S 6 0.48™ 1.02°  3.18  0.66™ 0.62" 696" 13.52"
Errorb P sl 2 0.02 0.28 0.98 0.57 0.17 191 3.60

CV % Ol o g o6 - 4.51 4.49 4.58 6.75 4.76 4.01 5.08
a2 bl :DMD ‘)J?L.;Go.b :-HEM f S 0di gl j Jeloeel 13 :INDF ¢ gunl oosngls jo Jolowals o8 :ADF pl> igy (Seime CP?
SIS gre e NS 30,0 S g gy Jloixl s )0 l0 gime o 4y s g tadgle s (33 RFV ¢ 20 105 059 all> (65 51 NEL « e ools
# CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; HEM: hemicellulose; DMD: dry matter
digestibility; NEL: net energy for lactation; RFV: relative feed value; * and ** significant at P<0.05 and P<0.01, respectively.

ns: not significant.

P95 sgmw adgle (S o Sy p (3595 295 X (Sl i Jiliie §IF Jgur
Table 6. The interaction effects of drought stress x nitrogen fertilizer on the qualitative characteristics of sorghum
forage

S TTRT
Drought stress Nitrogen rate Ccp* ADF NDF HEM DMD NEL RFV
Kg.ha' 9 Mcal. kg'!

0 6.85¢  37.12*  65.49* 2837* 59.98° 1.328° 85.2¢
oW (9 150 7.33¢  36.14°  64.29% 28.15* 60.75* 1.354° 87.9b¢
No stress 300 8.05>  35.70® 63.06* 27.35% 61.09? 1.365° 90.1%
450 8.69*°  3523>  61.89° 26.65* 61.45 1.377* 92.4%

LSDo.os 0.22 0.95 1.92 1.74 0.73 0.025 34
0 7.25¢  36.06° 63.87° 27.81* 60.81¢ 1.356¢ 88.5¢
buwgio s 150 7.62¢  35.63°  63.29® 27.66° 61.14° 1.367¢ 89.9b¢
Moderate stress 300 8.50° 35.21°¢ 62.74° 27.532 61.47° 1.378° 91.1°
450 9.89° 34.63¢ 61.31° 26.67° 61.92* 1.393° 93.92

LSDo.os 0.28 0.28 1.10 1.17 0.22 0.008 1.5
0 7.33¢ 3435  61.98 27.63* 62.15° 1.401° 93.32
VRISt 150 7.62¢  34.02* 61.37* 27.35* 62.40° 1.409* 94.6*
Severe stress 300 9.70°  34.18  61.90° 27.72* 62.27* 1.4052 93.6*
450 10.17*  34.93*  62.65* 27.72* 61.69* 1.3852 91.6*

LSDo.os 0.24 1.54 2.62 1.86 1.20 0.040 5.4

LSDo.0s (DroughtxNitrogen) 0.21 0.91 1.70 1.75 0.71 0.024 33

w28 Sbls DMD t5J5Ls o HEM £ i oaiyp 1o Jsbonols yoed NDF sisd oup 55 Jolonals 5o ADF 16l (05555 s50e CP *
Adgle s (55,1RFV ¢ 00 1l 059 Lalls (65,3l NEL «Sis o0ls

5,05 6l sime BB 0o 10 O Jleil e ;o LSD (9031 Lolsl s ygim 50 30 S e By, sl sl Sileo

# CP: crude protein content; ADF: acid detergent fiber; NDF: neutral detergent fiber; HEM: hemicellulose; DMD: dry matter

digestibility; NEL: net energy for lactation; RFV: relative feed value.
Means with similar letters in each column, show non-significant difference according to LSD tests at 5% level
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