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Investigating the Effect of Water Deficit Stress and Integrated Fertil-
izer Management on Forage Quality and Crude Protein in Maize-Sun-
flower Intercropping
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Table 1. physical and chemical properties of the experimental soil (0-30 cm layer)

pH EC S 5l colan OC JT oy Total N 5" 039 yuws P hué K aaoliy B bl
(ds/m) (%) (%) (mg/kg) (mg/kg)  Soil texture
7.75 0.82 1.03 0.1 10 280 Clay loam
Aal., 2000
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Table 2. Combined analysis of variance (mean squares) for the effect of maize-sunflower intercropping under water deficit stress and integrated fertilizer management on forage quality

traits during the research years (2022-2024)

@ oy e oy Ol » AT oused g8 odgd pd bl plgewd  (JTedk Slge 5~
S.0. VOl g aabio &7 PR RHE Ol KibsT 55 wlogw Fiber Ash Sl -ty Grain Biomass Organic J oo sl
df Maize Sunflower Total ADF NDF sugar sugar matter TSS
grain biomass biomass
protein protein nitrogen
Y)Jw 1 3.02% 0.18%* 0.957** 14.9%* 7.96 ns 0.49 ns 1.71 ns 0.0028 ns 0.0061 ns  324.44%* 654.2 ns
(Rep x Y)Jlo x 5155 4 0.22 0.003 0.002 0.17 1.92 8.36 14.95 0.0014 0.0014 10.1 251.29
(IMPYT 2 372.62%* 3.192%* 0.903** 731.31%*%  192.89** 136.5* 202.78%%* 0.2649%** 0.2825%* 121.26* 63496.72**
IxY 2 0.88* 0.006 ns 0.005 ns 1.56 ns 0.49 ns 3.03 ns 2.99 ns 0.0005 ns 0.0049 ns 3.24 ns 110.36 ns
(Error a) Lol sl 8 0.17 0.02 0.002 4.96 0.73 8.92 12.84 0.0015 0.0013 54.55 341.25
(F)ag5” il & 9ot 2 37.03** 0.221 ns 0.375%* 192.86*%*  20.21** 50.95%* 119.92%* 0.0243* 0.0493* 19.91* 5804.93*
IxF 4 2.84* 0.246** 0.013 ns 13.35%* 0.79%** 7.13* 16.22 ns 0.0006 ns 0.0005 ns 1.07 ns 148.2 ns
FxY 2 0.11 ns 0.033* 0.007 ns 0.52 ns 0.12 ns 0.09 ns 1.01 ns 0.001 ns 0.0002 ns 0.39 ns 228.28 ns
IXFxY 4 0.41 ns 0.012 ns 0.004 ns 0.52 ns 0.04 ns 0.83 ns 0.05 ns 0.0004 ns 0.0003 ns 0.93 ns 94.65 ns
(Error b) ¢ $ sl 24 0.55 0.013 0.004 1.35 0.22 3.55 5.08 0.0005 0.0004 0.81 115.58
(P) b gloeo o™ 4 24.97%* 4.69%* 0.889** 1273.6%*  44.57**  2348.209%* 511.07** 0.1427%* 0.089%* 768.95%* 34235.7**
IxP 8 3.35%* 0.303%* 0.031 ns 34, 11%* 2.45%* 39.91%** 40.33%* 0.0312%* 0.0018* 341%* 7461.1%*
FxP 8 0.57** 0.05 ns 0.003 ns 1.61 ns 0.17** 2.88* 3.71 ns 0.0006** 0.0008* 2.94 ns 152.98%%*
IXFxP 16 0.25 ns 0.093** 0.004 ns 5.02%* 0.35%* 2.23%* 1.81 ns 0.0003 ns 0.0002 ns 1.08 ns 59.95*
PxY 4 1.14* 0.015 ns 0.011 ns 1.33 ns 0.58 ns 0.57 ns 1.1 ns 0.0003 ns 0.0007 ns 0.83 ns 67.01 ns
IXPxY 8 0.19 ns 0.008 ns 0.009 ns 0.92 ns 0.31 ns 0.61 ns 1.07 ns 0.0002 ns 0.0005 ns 0.77 ns 38.65 ns
FxPxY 8 0.07 ns 0.026%* 0.003 ns 1.08 ns 0.04 ns 0.79 ns 1.3 ns 0.0001 ns 0.0001 ns 0.21 ns 22.53 ns
IXFxPxY 16 0.23 ns 0.013 ns 0.002 ns 0.89 ns 0.05 ns 0.31 ns 1.0 ns 0.0001 ns 0.0001 ns 0.72 ns 26.61 ns
(Error) s sl 144 0.42 0.009 0.006 1.39 0.94 2.32 427 0.0007 0.0004 0.86 169.84
CV (%) - 6.5 5.4 7.4 0.75 7.8 4.5 7.7 15.4 6.0 3.2 15.3

Al o d 3 8 5 g e 3513 e 5l ore b sl Sl o w5 % (DS
ns, *, **: Non-significant and significant at 5% and 1% levels, respectively.
ADF: (guul o 52 o5 (Acid Detergent Fiber) ¢ NDF: s ous 54 .5 (Neutral Detergent Fiber) ¢ TSS: Jslows dsle- 5150 ™ (Total Soluble Solids) ¢ Y: Jle I )b o35 ¢ Fra 8 il oy it ¢ Pr b glons S
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Table 3. Mean comparison of irrigation x integrated fertilizer management interaction for maize
grain protein during the research years (2022-2024)

Soll gobw &3¢ Tob D5 13 B9 5
Irrigation levels Fertilizer levels Maize grain protein (%)
n F1 79d
n F2 72d
n F3 8.0d
12 F1 10.2b
12 F2 92¢
12 F3 10.4 b
13 Fl1 12.7 a
13 F2 11.0b
13 F3 13.0a

07 ¢ SS5) L5155l ixe SN wlie U3 (6hls (sl 5 80ke (O gt b 3
Within each column, means with the same letter are not significantly different (Duncan, 5%).

Lol ot Fra s adb o e

OFN-VEY) (iagdh ol Jlo oo g A5 5 05 A5 (Soy5 6l 55 5 S (6801 5358 Ll o pite Blite 1 K0l alin —F J ol
Table 4. Mean comparison of integrated fertilizer management X intercropping pattern interaction for maize
grain protein, grain sugar, and biomass sugar during the research years (2022-2024)

DD d1S g9y PUERR (o 33) loge i3
995 gl bl s (2 y3) (o 39) Biomass sugar
Fertilizer levels Intercropping Maize grain Grain sugar (%)
protein (%) (%)

F1 P1 11.00 a 0.192d 0.347 c-g
F1 P2 - 0.117ij 0.271 pqr
F1 P3 10.38 be 0.188 de 0.358 c-f
F1 P4 10.28 ¢ 0.239b 0.433 ab
F1 P5 9.38 de 0.124 hi 0.284 opq
F2 P1 9.12 ef 0.176 f 0.337 £+

F2 P2 - 0.104 k 0.253 stu
F2 P3 9.12 ef 0.181 ef 0.341 e-h
F2 P4 9.30 def 0217 ¢ 0.382 cde
F2 P5 843 g 0.116 0.256 rst
F3 P1 10.65 ab 0.215¢ 0.374 c-f
F3 P2 - 0.127h 0.276 pqr
F3 P3 10.46 be 0.222¢ 0.392 bed
F3 P4 10.65 ab 0.255a 0.450 a

F3 P5 9.36 de 0.138 g 0.303 1-p

F:as8 i oy e ¢ Prbglie 287
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Within each column, means with the same letter are not significantly different (Duncan, 5%).
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Table 5. Mean comparison of the three-way interaction of water deficit stress, integrated fertilizer management, and
intercropping on forage quality traits during the research years (2022-2024)

ST ot SOy rolaw s OIS KT logn (piig g Fiber pud wo)d JoRg=Rwr N g ymd Aol dMgo 5
Irrigation Fertilizer PPVEN Sunflower biomass (%) Ash (%) Sl Jolo
levels levels Intercrop protein (%) ADF (%) TSS(g/kg)
ping

11 F1 P1 — 21.49 nop 4.60 st 27.34 k-p 131.34 de
11 FI P2 1.12 pq 3249 fg 7.92 e-j 39.42 ef 62.46 jkI
11 F1 P3 2.02b 23.82 jklm 5.75 qr 30.79 hi 124.18 ¢
11 F1 P4 1.33 nop 21.89 Imno 4.90s 28.65 i-m 181.02 a
11 F1 P5 1.51 kimn 26.20 ij 6.72 nop 38.58 ef 67.41 ijk
11 F2 Pl — 20.56 op 3.85u 27.15 1-p 122.32 ¢
11 F2 P2 I.11q 3145¢g 7.39 i-n 40.05 def 53.26 kim
11 F2 P3 1.96 cdef 22.88 klmn 4.70 st 30.76 hi 118.87 ¢
n F2 P4 1.22 opq 21.26 op 412t 29.53ig 16470 b
11 F2 P5 1.40 mnop 24.99 jk 6.30 opq 39.13 ef 64.34 ijkl
11 F3 Pl — 20.14p 3.71u 27.46 k-p 141.83 cd
11 F3 P2 1.45 kImn 30.00 h 6.11 pq 38.61 ef 70.54 ij
11 F3 P3 1.81 efgh 22.30 Imno 4.32 stu 29.94 hi 14731 ¢
11 F3 P4 1.59 i-m 21.26 op 412 tu 29.27 ijk 183.26 a
11 F3 P5 1.65 h-1 24.49 jk1 5.131s 38.06 f 75.65ij
12 F1 PI — 24.52 jkl 6.81 mno 26.63 mnop 82.47 ghi
12 F1 P2 1.55j-n 34.04 de 8.39¢c-g 40.56 cde 68.71 ijk
12 F1 P3 1.77 £+ 27.551 7.78 f-k 30.00 hi 79.82 hij
12 F1 P4 1.71 g-k 27.26 1 6.84 mno 29.31 jk 94.27 fgh
12 F1 P5 1.88 d-h 31.57¢g 8.13 d-h 39.61 ef 73.191j
12 F2 P1 — 21.65 m-p 6.58 nopq 28.16 i-n 71.87 1
12 F2 P2 1.53 klmn 34.10 de 822 c-h 42.56 b 64.10 ijkl
12 F2 P3 2.02 bede 25.06 7.43 h-n 31.63h 76.32ij
12 F2 P4 1.69 hijk 23.46 klm 6.65 nop 29.86 hi 79.41 hy
12 F2 P5 1.98 b-f 30.51 gh 7.80 f-k 41.04 bede 67.46 ijk
12 F3 Pl — 21.30 op 5.80 q 25.70 op 96.88 fg
12 F3 P2 1.56 jklm 3332ef 8.02 ¢ 40.00 def 73.02 j
12 F3 P3 2.06 bed 23.80 jkim 7.15 klmn 29.09 ijkl 98.65 fg
12 F3 P4 .71 gk 22.92 kImn 598 q 28.86 ijkl 101.26 f
12 F3 P5 1.85d-h 27.62 1 7.51 h-m 39.65 ef 78.26 hyj
13 F1 P1 — 27291 7.70 g-1 26.22 nop 68.19 ijk
13 F1 P2 1.79 fghi 41.19a 927 a 45.99 a 40.76 mn
13 F1 P3 255a 29.05 hi 8.95 abc 3541 ¢ 72.00 ij
13 F1 P4 1.97 cdef 26.66 1 7.86 e-k 28.65 i-m 75257
13 F1 P5 2.11be 37.62b 9.13 ab 42.43 be 42.05 mn
13 F2 PI — 22.79 k-0 7.27 jn 27.66 j-0 64.70 ijkl
13 F2 P2 1.43 Imno 3578 ¢ 8.90 abed 45.86 a 3549n
13 F2 P3 220b 27.731 8.48 b-f 34.68 g 70.41 ijk
13 F2 P4 1.57 i-m 25.10 7.54 h-m 30.06 hi 75.08 ij
13 F2 P5 1.92 ¢c-g 34.58 cde 8.77 abed 41.90 bed 38.42 mn
13 F3 P1 — 23.14 kIlm 7.02 Imn 25.61p 77.17 hij
13 F3 P2 1.54j-n 3544 cd 8.55 bede 42.42 be 43.09 mn
3 F3 P3 245a 26.26 ij 7.73 g-1 3450 g 80.50 ghij
13 F3 P4 1.69 hijk 24.33 jkl 7.26 j-n 29.02 ikl 90.28 fghi
13 F3 P5 1.99 b-f 33.78 ef 8.15d-h 39.65 ef 48.31 Imn

O ST13) L5l 5,15 gme 9Dl alin O3 shyls b 0o (0 g o )3

Within each column, means with the same letter are not significantly different (Duncan, 5%).
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Table 6. Mean comparison of main effects of irrigation regime, integrated fertilizer management, and
intercropping on total biomass nitrogen during the research years (2022-2024)

ot T G wloge 03959
Treatment Level Total biomass nitrogen (%)
(I) Irrigation regime s sbT w3 11 093¢
2 1.06 b
13 1.13a
(F) Integrated fertilizer management 595" _adli =y gt F1 1.04b
F2 098¢
F3 1.11a
(P) Intercropping b glseo cuis” P1 0.90d
P2 1.20a
P3 1.02¢
P4 0.94d
P5 1.14b

(o7, ;;Sjl.s) Lol g ls gme Ml alie o > slols sla u.;;L:n Qg 2 )3

Within each column, means with the same letter are not significantly different (Duncan, 5%).
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Table 7. Mean comparison of irrigation regime X intercropping pattern interaction on NDF, grain sugar, biomass sugar, and
organic matter during the research years (2022-2024)

Skl zsbw baloo oy (S 0N g ymd ol wid ologs wid ek
Irrigation NDF (%) Grain sugar Biomass sugar Organic matter
levels Intercropping (%) (%) (%)
11 P1 20.09 i 0.269b 0.402 b 96.03 b
11 P2 25.87¢ 0.127 g 0.322 h-1 87.84 f
11 P3 21.64h 0.265b 0.412 ab 96.24 b
11 P4 20.53 1 0.360 a 0.447 a 97.68 a
11 P5 2301 g 0.141 f 0.360 c-f 95.59 be
12 P1 23.19¢g 0.171d 0.326 h-1 95.51 be
12 P2 30.77 ¢ 0.140 f 0.249 rstu 87.05 f
12 P3 2558 ¢ 0.173d 0.339 fghi 95.47 be
12 P4 2433 f 0.187 ¢ 0.353 d-h 95.54 be
12 P5 27.80d 0.149 ef 0.273 qrs 94.10d
13 P1 27.06d 0.143 ef 0.294 1-p 94.76 cd
13 P2 3556 a 0.081 h 0.242 stu 85.76 g
13 P3 34.06b 0.152¢ 0.310 klmn 94.13d
13 P4 27.01d 0.164d 0.312 jklm 94.61 cd
13 P5 34.79 ab 0.087 h 0.252 rst 92.51e

07 ¢ SIN5) L5165l ian S altie U3 (6Tl sl 5 S0e (05t b s
Within each column, means with the same letter are not significantly different (Duncan, 5%).
NDF: s o5 .3 (Neutral Detergent Fiber) ¢ I s LT ot Prbsliacus.
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Extended Abstract

Zarei chaleshtori, SH., Alavi fazel, M., Mojaddam , M., Saki nejad, T., Marashi, S., Investigating
the Effect of Water Deficit Stress and Integrated Fertilizer Management on Forage Quality and
Crude Protein in Maize-Sunflower Intercropping

Applied Research in Field Crops Vol 37, No.3, 2024, 15-18: 94-115 (in Persian)

Introduction:

Today, food security faces two fundamental challenges: water scarcity and
environmental degradation caused by the excessive use of chemical inputs. The
transition from conventional production systems toward sustainable agriculture
is an undeniable necessity. Sustainable agriculture aims to meet food needs while
preserving environmental quality and the capacity of water and soil resources. One
of the key strategies in this regard is increasing biodiversity through intercropping,
defined as the simultaneous cultivation of two or more plant species in a single
field. Studies have shown that intercropping systems, compared to monoculture,
have higher resource utilization and can increase water and land productivity.
Furthermore, combining intercropping with integrated nutrient management can
significantly improve forage quality while reducing dependence on chemical
fertilizers. Maize and sunflower are important crops that play an essential role in

human and animal nutrition. However, the main limitation of maize forage is its
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low crude protein concentration. Therefore, intercropping maize with sunflower,
which has higher protein content, can overcome this limitation. This experiment
was conducted to evaluate the effects of different levels of water deficit stress and
integrated nutrient management on forage quality indicators in maize-sunflower

intercropping.

Materials and Methods:

A two-year experiment was conducted as split-split plots in a randomized
complete block design with three replications in Mahshahr County, Khuzestan
Province, Iran. Main plots consisted of three irrigation regimes: irrigation after
depletion of 50% (I1), 65% (12), and 80% (I3) of available soil water. Sub-plots
included three fertilizer treatments: chemical fertilizer (F1) including 350 kg/ha
urea, 150 kg/ha triple superphosphate, and 200 kg/ha potassium sulfate; organic-
biological fertilizer (F2) including compost (30 t/ha) along with biological
fertilizers; and integrated fertilizer (F3) including all components of F2 plus 200 kg/
ha urea. Sub-sub-plots comprised five intercropping patterns: maize monoculture
(P1), sunflower monoculture (P2), 50% maize + 50% sunflower (P3), 75% maize +
25% sunflower (P4), and 25% maize + 75% sunflower (P5). Sampling for nitrogen
and protein was performed at dough-dent stage for maize and full maturity for
sunflower. Total nitrogen was measured using the Kjeldahl method. Maize grain
protein was calculated as N X 6.25, and sunflower biomass protein as N x 6.25.
Fiber Acid Detergent Fiber (ADF), Neutral Detergent Fiber (NDF), ash, sugar,
organic matter, and TSS were determined using standard protocols. Data were

analyzed using SAS 9.4, and means were compared by Duncan’s test at p < 0.05.

Results and Discussion:

Increasing drought intensity increased protein concentration in maize grain
(up to 13%) and sunflower biomass (up to 2.55%), but simultaneously reduced
digestibility by increasing ADF and NDF and decreasing TSS. Integrated fertilizer
(F3) showed superior effects on improving forage quality compared to the other

two methods across all stress levels. The 75% maize + 25% sunflower pattern
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(P4) was identified as the best mixture for reducing insoluble fibers and increasing
nutrient content. Significant three-way interactions highlighted the interdependence
of water, nutrition, and cropping arrangement in determining forage quality. The
protein increase under drought is largely a concentration effect due to reduced dry
matter, while the rise in fiber reflects accelerated lignification as a stress response.
Increased ash content results from mineral accumulation as organic matter declines.
Reduced sugar and TSS are linked to impaired photosynthesis and carbohydrate
metabolism under stress. These findings align with previous research on maize-

sunflower intercropping and integrated fertilization.

Conclusion:

Although drought stress raised protein concentration in maize grain and
sunflower biomass, this was associated with reduced forage digestibility. Integrated
fertilizer application (F3) effectively mitigated stress impacts and improved quality
indicators. The 75% maize + 25% sunflower intercropping pattern (P4) proved
optimal for reducing insoluble fibers and increasing soluble nutrients. Combined
use of integrated fertilization and P4 reduces chemical dependency and enhances
forage nutritional quality under water-limited conditions, offering a sustainable
strategy for arid and semi-arid regions. However, under severe stress, moderate
irrigation (65% depletion) is recommended alongside these treatments to maintain

both quality and acceptable yield.

Keywords: Water deficit stress, Intercropping, Integrated fertilizer management,

Forage quality, Crude protein.
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